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A Message from the President 

Ah tin* 1970s turn into t in* 1980s, it is a good time for Sigma Xi to take stork 
of itself, to see what has been accomplished during the past ten years and to 
look ahead to where the next ten might he leading. The 70s have Item a period 
of organizational consolidation and growth. Although the numbers did not 
grow geometrically, as during (lie halcyon days of scientific expansion oft he 
1950s and 1900s, membership in Sigma Xi has maintained a steady growth 
and is now at an all-time high, During this past decade, Sigma Xi moved into 
it« |jwn building and acquired its own computer.another symbol of organi¬ 

zational maturity in today’s world! 

But how responsive has Sigma Xi been in adjusting its goal of encouraging 
scientific research to the climate of political and social change of the 70s? Back 
in 1947, Sigma Xi had spawned HKSA (Scientific Research Society of America) 
as an independent honorary organization for scientists in industrial, govern * 
mental, and other nonacademic laboratories, Within less than three decades, 
this institutional framework became obsolete: in 1974 EISA was merged back 
into Sigma Xi, In response to a heightened recognition of the international 
character of the scientific enterprise, the International Chapter was formed, 
Sigma Xi also strengthened its traditional activities during the past decade. 
Ihe National Lectureship Program was broadened and the program of 
(rfanUwn-Aid of Research was expanded and given increased funding, In 1970, 
American Scientist went from quarterly to bimonthly publication; it has 
maintained its position as one of the most prestigious interdisciplinary sci- 
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entific journals. 

Perhaps in response to the demands for "participatory democracy" which 
echoed through all of American society, Sigma Xi enlarged its Board of DB 
rectors ant gave greater leeway to individual chapters and clubs to direct their 
destinies. With the development of its regional organization, Sigma Xi has 
become increasingly sensitive to the needs of the scientific community and 
to the public. A new set of activities, "Science and Society/’ sprang from the 
recognition that scientists no longer function in an “ivory laboratory" and that 
Liiedirection and support of their researches are inertiifogly affected by the 
sociopolitical context of American society. The new tok of making the public 

aware of the meaning, contributions, potentialities-.and limitations^ 

science receives growing emphasis from Sigma Xi chapters and dub. 

1 lie 198Qa form part of the tenth decade of the existence of Sigma Xi. Our 
growth in the 1 J70a indicates the continuing vitality of our organization, de¬ 
spite our venerable age. We can renew our dedication to our companionship 

in zealous research during the decade to come. 
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experiments into real savings, For 
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improve production of telephone 
circuit hoards, they invented a totally 
new material with which to make the 
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Letters to the Editors 


Hazards of volcanic tuff 

To the Editors; 

Grant Heiken’s informative article, 
“Pyroclastic Flow Deposits” (Am, Sri, 
67:564-71, September 1979), dis¬ 
cussed a number of ways in which 
these volcanic rocks are useful to 
mankind, It is also worth mentioning 
that such materials may pose health 
hazards, In the Cappadocia region of 
central Turkey, where entire villages 
have been carved into the volcanic 
tuff, alteration of the primary vol¬ 
canic minerals to fibrous zeolites ap¬ 
pears to be well correlated with, the 
occurrence of pleural- 'mesutheli- 
oma—a form of cancer (/). 

Similarly, in Ethiopia, a prelimi¬ 
nary study (2) demonstrated that el¬ 
ephantiasis is found only in volcanic 
areas where pyroclastic flows and 
basalts are mantled by thick red soils. 
In neither the Turkish nor the Ethi¬ 
opian example is the exact linkage 
between volcanic deposits and disease 
understood, 

Despite these medical ill effects, I 
must agree with Heiken that pyro¬ 
clastic flow deposits are of consider¬ 
able-value, and I would like to submit 
perhaps the most spectacular exam¬ 
ple of the use of volcanic tuff as a 
building medium. At Lalibala, 
Ethiopia, eleven churches were 
carved out; of Oligocene ignimhrite 
deposits about 800 years ago (see- 
photo), The most remarkable of these 
churches are entirely freestanding, 
with their interiors and exteriors 
carved completely free of the native 


Charles A, Wood 
Geophysics Branch 
Goddard Space Flight Center, 
NASA 

Green belt, MI) 

.1- (: - Atanum; HITS. C. it. SiM ,SV, Pam.’tya r, A., 
887:21)7-10. 

‘A A, 107-1, ami. /(-■/)( , I)i*pt,(;ai!„Haib 
S«Me I University, Addis Al»h».:-Pp, I4U7, 



Thought experiments 

To the Editors: 

Psychophysics, the oldest branch 
of experimental psychology, receives 
far too little notice, often because it is 
considered boring or merely meth¬ 
odological, Norman Anderson’s art i¬ 
cle, “Algebraic Hubs in Psychological 
Measurement” (Am, Sri. 87:55543, 
September 1979), communicated 
some of the more exciting aspects of 
this field. 

However, there are two assertions 
in the article to which 1 take excep¬ 
tion, My first concern is with t he idea 
that rating scales are valid tie. linear) 
representations of subjective magni¬ 
tudes, but that magnitude estimates 
are not. In fact, functional measure¬ 
ment cannot resolve certain ambigu¬ 
ous situations which must be resolved 
to establish response scale validity. 

Consider the following thought 
experiment: Two factorial design ex¬ 
periments are carried out with the 
same stimulus combinations, In one, 
a rating sale is used for responses, 


and magnitude estimates are used fag 
the second. The rating scale produces! 
a set of parallel functions for different 
levels of the two factors, while (hr 
magniUule estimates do not. After? 
logarithmic transformation, however,! 
the magnitude estimates are alto? 
parallel. j 

Two interpretations are possible! 
either an additive rule holds for th#j 
subjective combination of the \m 
stimulus factors and rating scales artf 
valid, or magnitude estimates artf 
valid response scales and a mullipli-f 
estiva combination rule is appropri¬ 
ate (an additive rule for logs being} 
equivalent to multiplying). Such Jr 
outcome is hardly farfetched, airwl 
category scale values are often M 
early related to the logs of magnitude; 
estimates. Thus, the question of} 
which rating method provides a valid' 
wale is still unanswerable. | 
The second objection concerns tbtj 
cited application of the “linear fait} 
theorem.” This theorem states that t§ 
a multiplicative combination rule) 
holds and the observable response «| 
a linear function of the implicit rt*f 
sponse, then the levels of the depea-j 
dent variable will plot m n diverging 
set of straight lines, and the margin! 
means of one factor provide a lineal 
scale of the subjective values of thj 
factor. However, Anderson then gives' 
an example in which the mean valuetf 
of one factor {the probability phrase! 
in the experiment on perceived valuf- 
of lottery tickets) are adjusted Id 
produce a linear fan. To adjust th# 
scale values to produce a linear fan 
and then assert that the linear pat¬ 
tern validate# the scale values is cir¬ 
cular, : . ji : ; 

Harry T. Lawless 5 

Behavioral Sciences Division 
Food Sciences laboratory 
U.S, Army Research and 
Development Command 
Natick, MA 
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What’s So Funny about Science? 

Cartoons by Sidney Harris 
from American Scientist 


I . “What’s so funny about science? Sid- 

1 ney Harris, that's what, Laugh at his 
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-Isaac Asimov 
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DtAndersonreplies: Moth Variation 

The simplest answer to Harry 
Lawless’s thought experiment is an-To the Editors: 
other thought experiment, one in Discussing “Genetic Variation in 
which subjects judge total apparent Ecologically Diverse Environments” 
area of two rectangles. The obvious(Am. ScL 67:590-96, September 
hypothesis is that the judgment o| 1979), Powell and Taylor refer to 
total area will equal the sum of the settling behavior in the peppered 
apparent areas of the two separate moth Bistort betularia as an example 
rectangles. If the sizes of the two rec- of habitat choice promoting poly¬ 
tangles are varied in two-way factorial morphism. We have produced a small 
design, in the manner indicated in mj amount of evidence that one of the 
article, then the parallelism theorem intermediate insularia forms behaves 
applies. Hence, the factorial grapl differently from the darkest melanic 
should be a set of parallel curves—if or the typical and have speculated 
the response scale is truly linear. TV that selective resting may be involved 
method of rating and the estimation in maintaining the polymorphism (I). 
of magnitude will thus have equal Unfortunately, there is no evidence 
opportunity to satisfy this parallelism that the amount of optimal habitat 
criterion. available to each of the morphs is 

Thought alone cannot tell which.il limiting and no indication that it ever 
either, response measure will succeed, would be. If it is not, one morph will 
However, the rating data-—all that win, the favored type depending on 
are available for thjs case—-do exhibit the relative degree of disguise of the 
parallelism and thereby support the different morphs on their preferred 
hypothesized adding rule. Under backgrounds. 

Lawless’s hypothesis, in contrast a ^ ar S er sca ^ e > mo ^ ls are 
magnitude estimations are an an- sufficiently mobile to fly from areas 
tilogarithmic function of the ratings, of high to areas of low pollution, so 
and hence would imply that the that a balance of selection and mi- 
judgment of total area is the product gration might be set up if the space 
of the two separate areas. Such a available in each area was limiting, 
multiplying rule hardly seems ered This possibility has also been con- 
ible. sidered (2). A simulation of this 

At a strictly formal level, Lawless’s model failed to generate the pattern 
thought experiment raises an inter- seen m P arts country, how- 
esting question about the role of ever, although the fit was reasonably 
convention in the form of natural good in some places (3). On the other 
laws. At any practical level, however, hand, quite a lot of circumstantial 
there is good reason to think that evidence for heterosis has been put 
apparent areas, like physical areas, forward (4). In the present state of 
add rather than multiply. Hence, the knowledge, the subject is open and 
rating method would be used rather species cannot safely be claimed 
than magnitude estimation. Other as a supporter for the habitat-choice 
experiments point more or less uni;' theory, 
formly to the same conclusion, and 
further discussion may be found in Laurence Cook 
the reference cited in my article under Department of Zoology 
Anderson 1974a. University of Manchester 

Lawless’s second concern, that the Manchester, M139PL, U.K. 
linear fan theorem may be circular, is 1 M.Boardmnn, R. R.Me*, and l M. CM;low; 

t a 'a i i V ./, /.uoLLond, 172:343, J, A, Bishop and L. M. 

reaauy resolved, If it were truly cir- cook; 1975; Nci. dm. 232(i)!9n. 

cular, then any two-way data matrix. 2 . j. a. Bishop, i. m. Cook, and , 1 . Mutton. 1973 . 
could be made into a linear fan. That fto ^n*.f Sk. land. (B) 281:4K9, 
is not so, as can easily be shown by :1, k M ' C()l)l1 and G ' Sl Mani ' 1 n pres9, J ' Linn ' 
numerical examples with a 2 X 3 ma t m * 

triX# 111 the particulur OXpGrUIlGllt Oxford Univ.PresH, C, Ae Clarkuand P. M, Shep- 

mentioned by Lawless, the mean pard; i9fi(i; Pm. R. Sm. Umd. (BHorMUd. 


t, M, Bnardman, R. R. Askew, and I,, M. Cook; 1974; 

,/. ZuoULond. 172:343, J. A. Bishop and L M. 
' Cook; 1975; Set. Am. 232(1)590, 


could be made into a linear fan. That 
is not so, as can easily be shown by 
numerical examples with a 2 X 3 ma¬ 
trix. In the particular experiment 
mentioned by Lawless, the mean 
values are not adjusted to fit a linear 
fan but merely to fit a single straight 
line. But then each separate row from 
the data matrix must also fall on a 
straight line—if the multiplying; 
model holds. The linear fan property 
thus provides a strong test of the 
model. 


Monkeys and mirrors 

To the Editors: 

As I read “Self-Awareness in Pri¬ 
mates,” by Gordon G. Gallup, Jr. 
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(Am. Sci. 67:417-21, July 1979), it 
occurred to me that the investigators 
were missing an important factor in 
the mirror image experiments. The 
fact that a mirror image is reversed 
from left to right for a first reflection 
might account for the failure of some 
subjects to recognize others in a 
paired image experiment. There is a 
considerable difference in appearance 
in most individuals when the image is 
reversed. 

Even humans have difficulty in 
touching their right or left ear in a 
double-reflection mirror, after being 
conditioned by a lifetime of looking 
into single-reflection mirrors. It 
would be interesting to see if monkeys 
would recognize companions in a\ 
double-reflection mirror, which would 
show the animal as it appears in 
life. 

An experiment could be readily set 
up with two mirrors and a one-way 
glass. Of course, it would not be ex¬ 
pected that the subject would recog¬ 
nize himself, never before Laving had 
the experience of seeing himself in a 
mirror. 

Frank W. Godsey, Jr. 

403812th Street North 
St. Petersburg, FL 33709 


Dr. Gallup replies: 

While Godsey is technically correef 
about the mirror-image reversal in 
single-reflection mirrors, we haw 
data which clearly show that monkeys 
do recognize single reflections of 
companions in paired-mirror experi¬ 
ments. Monkeys are capable of de¬ 
tecting the inherent dualism as il 
pertains to the reflection of objects 
other than themselves, and after ad¬ 
equate experience do respond ap¬ 
propriately by turning away from the 
reflection to gain more direct access 
to objects first seen in the mirror, 
Further, as evidenced by their ability 
to learn to use single mirrors to re¬ 
spond to and manipulate objects they 
cannot otherwise see, monkeys can 
also correct for the 180° reversal. 
Contrary to Godsey’s supposition, we 
have encountered no instances in 
which monkeys have failed to recog¬ 
nize others in paired-image experi¬ 
ments. 

The issue is not whether monkeys 
can learn to respond to mirrored cues; 
that has been amply demonstrated 
and repeatedly documented. Rather, 
the question is why, with these abili ¬ 
ties, they seem incapable of learning 
to decipher mirrored information 
about themselves. 
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The Sigma XI Annual Meeting 1, Ms. Garofalo, l' 
Forslund, and Mrs. Chace of National Hoadquafi- 
2. Delegates at registration, 3. Executive Dirt? 
Thomas Holme opens the Meeting. 4, Meeting Civ 
man Patricia Faber and Distinguished Lecturer V 
garet Burbidge. 5. Poster session. 6. Delegates an 
reception preceding the Awards Dinner. 7. Tho Awi 
Dinner: Dr. and Mrs. Holme, Dr. Roger Faber and: 
Patricia Faber, Dr. and Mrs, Levi, Dr. and Mrs. k' 
Lane. 8. Procter Prize recipient Saunders Mnc If; 
and President Kranzberg. 9, The Awards Din- 
President and Mrs. Kranzberg, Dr. Dean McFeron S 
Burbidge, Dr. and Mrs. Longenecker, Dr. QosA 
fcarson. 10. The General Assembly ol Delegates, 
President-elect Herbert Longenecker (photo by 
Dick), 12. Immediate Past-President McFeron a 
President Kranzberg. 13. Science and’Society Co 
mlttee Chairman Elving Anderson and Guest Leclu 
Albert William Levi. 14. Science and Society pan 
Harvey Bender, Dr, Anderson, Frederick Crawler 
Mischa Penn, (Photos by Putnam and Bailey.) 


Sigma Xi News 



1979 Annual Meeting 

In addition to the report of the Annual 

Meeting written by the Executive Direc¬ 
tor, this year Michelle Press, Managing 
Editor of American Scientist, was asked 
to write her impressions of the meeting 

as well. Because Ms. Press was not a 

delegate, but rather an outside observer, 
she talked to many of the official partici¬ 
pants to learn what they thought about 
the meeting. Although there was a diver¬ 
sity in emphasis, she felt that a consen¬ 
sus was evident in the comments, and 
she has tried to convey this view for the 
benefit of the members who did not at¬ 
tend the meeting. 

Reflections on the Annual 
Meeting 

If Tolstoy’s dictum that all happy families 
resemble each other holds for society 
meetings as well, the 1979 Sigma Xi An¬ 
nual Meeting resembled several previous 
meetings, though it was perhaps even 
"happier." A major reason for this was 
the dynamic chairmanship of President 
. Melvin Kranzberg. President-elect Her¬ 
bert Longenecker, in his remarks at the 
end of the meeting, referred to his prede¬ 
cessor's good humor and good sense, 
and it was both these quallties-very 
much in evidence throughout the pro¬ 
ceedings—that made even the mundane 
pleasant. 

The setting for the meeting surely added 
to the general sense of well-being and 
enjoyment. Unlike many convention ho¬ 
tels, where the participants feel like pris¬ 
oners in airless meeting rooms, the 
Abbey-on-Lake Geneva, in Fontana, Wis- 
consin, is very much on the lake, with 
hallways and public areas opening direct¬ 
ly onto a terrace and paths along the lake 
shore. The weather was unusually warm, 
the leaves golden, and the lake aswarm 
with wild ducks. Between sessions, dele¬ 


gates strolled along the paths and contin¬ 
ued discussions at tables on the terrace. 
For relaxation, there were exercise 
rooms, a whirlpool and sauna, and an in¬ 
door pool. Even the food received high 
marks. 

President Kranzberg opened the Annual 
Meeting at the first session of the Gener¬ 
al Assembly of Delegates on Friday night 
with an eloquent appeal for pride in the 
scientific endeavor. His talk, delivered in 
the light of flickering candles in a dark- 
ened room, began with reference to 
1979 as the centennial of Edison’s inven¬ 
tion of the incandescent bulb. He cited 
such past achievements as well as more 
recent ones and quoted statistics (a sur¬ 
vey showing that scientists are still highly 
regarded by the public) to show why sci¬ 
entists should be proud of their accom¬ 
plishments. He then offered an explana¬ 
tion of why, despite all this, scientists still 
feel unappreciated: science and technol¬ 
ogy are so much a part of the fabric of 
American life that they, too, are subject 
to the current all-inclusive questioning of 
the modern lifestyle. 

Three guest lecturers spoke on succeed¬ 
ing days of the meeting. The first was E, 
Margaret Burbidge, Professor of Astrono¬ 
my at the University of California, San 
Diego, who placed her own research on 
quasars into the larger setting of other 
work in astronomy by discussing how the 
space telescope would be used by as¬ 
tronomers. She earned everyone's admi¬ 
ration when the slides stuck in the pro¬ 
jector, in a talk that very, much depended 
on slides, as she coolly continued, "What 
you would be seeing now —" Her 
talk—without the technical difficulties— 
will be printed in a later issue of Ameri¬ 
can Scientist. 

Saturday evening, after a reception and 
the Awards Dinner, Lawrence Kushner 


introduced Procter Prize recipient Saun¬ 
ders Mac Lane, Max Mason Distinguished 
Service Professor in the Department of 
Mathematics at the University of Chica¬ 
go. The audience sat in rapt attention as 
Professor Mac Lane described various 
ways in which space can be modeled, 

The space was geometric rather than 
outer, and in what is usually considered 
to be a difficult subject to communicate, 
he disarmed his audience as he quipped 
and drew circles and triangles to illus¬ 
trate his observations. Readers of Ameri¬ 
can Scientist will be able to share Pro- 
fessor Mac Lane’s comments in a forth¬ 
coming issue of the journal, 

The Science and Society address on 
Sunday evening was an intentionally in¬ 
cendiary speech by Albert William Levi, 
David May Distinguished University Pro¬ 
fessor Emeritus in the Humanities at 
Washington University, St. Louis, Profes¬ 
sor Levi attempted to arouse the audi¬ 
ence by depicting humanists as the pre¬ 
servers of life, goodness, and sensitivity, 
and scientists as evil technologists who 
have dehumanized the world, even to th# 
point of making war less "humane," Tb§ 
talk was followed by perceptive, though 
controlled, comments by members of tht 
; > Science and Society panel—Frederick 
Crawford, Harvey Bender, and Mischa 
p enn —and several delegates made ex¬ 
cellent points from the floor. The pro¬ 
gram engendered even more interesting 

and heated discussion in the hallways 
and lounges after the session. 

Between speeches and meetings of the 
general and regional assemblies, dele¬ 
gates could attend workshops dealing 
with suggestions for Sigma Xi activities, 
advice and answers to questions for ne* ; 
officers, and suggestions for science 
society programs. The workshop on 
gestions for activities, organized by 
Patricia Faber, general chairman of the 









meeting, seemed especially popular: 
large posters outlined activities that had 
been developed by various chapters and 
clubs tor precoilege students, undergrad¬ 
uate and graduate students, the commu¬ 
nity, science teachers, and scientists, 
and Ideas for chapter/club management. 
Fliers with these suggestions were also 
available to take back for further study 
and use in determining new local pro¬ 
grams. 

When meetings were not in session dur¬ 
ing the day, delegates also had a chance 
to drop by to watch four films produced 
by the San Diego public television sta¬ 
tion, and partially funded by Sigma Xi and 
NSF. The films-—Closing the Learning 
Gap; The Grand Canyon: Who Needs It?; 
Here Today.., Here Tomorrow, Radio¬ 
active Waste in America; and Coal: Solu¬ 
tion or Pollution?—are part of a series of 
half-hour programs that provide accurate, 
understandable information on the scien¬ 
tific or technical aspects of highly visible 
policy issues. Executive Producer Jeffrey 
Kirsch was on hand to talk to delegates. 

A brochure describing the films and how 
to order them for meetings of Sigma Xi 
chapters and clubs or for science and so¬ 
ciety programs is available from Synthe¬ 
sis, KPBS TV Science Center, 5164 Col¬ 
lege Avenue, San Diego, CA 92182. 

Coffee breaks, meals, and late evening 
hours provided time for informal Sigma 
Xi companionship. And, of course, there 
was Serendipity Day, a free day on Sun¬ 
day when delegates could take prear¬ 
ranged trips to see Chicago's architec¬ 
ture, Argonne National Laboratory, and 
Canada goose-filled Horicon Marsh, or 
stay at the Abbey for sailing, tennis, 
swimming, hiking, or just plain compan¬ 
ionship. 

Although most delegates to whom I 
talked agreed that this Annual Meeting 
was particularly enjoyable, many ques¬ 
tioned the need for holding a meeting 
every year, especially in view of rising 
costs (airline fares being a case in point). 
Some delegates expressed the belief that 
the yearly meeting was warranted be¬ 
cause, In addition to transacting business 
connected with the Society's gover¬ 
nance, it generates enthusiasm that can 
be taken back to the chapters and clubs, 
but others wondered If the benefits of 
convening annually justify the cost 
when there are so many other uses for 
the Society's limited resources. 

M.P. 
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Society business at the Annual 
Meeting 

The results of the elections and some of 
the actions taken by the delegates were 
given in the November-December issue 
of American Scientist, but the outcome 
of the establishment of dues and fees for 
1980-81 was not reported. Members will 
be pleased to learn that the delegates 
voted to maintain the dues and fees for 
1980-81 at the same rate, All those who 
have received "early-bird" notices (only 
those whose dues for 1979-80 were paid 
as of 1 December) will already be aware 
that no increases were voted. 

The full listing of National Officers and 
Standing Committees, which has in the 
past appeared in the January-February 
issue of American Scientist , will be pub¬ 
lished in the July-August issue. The dele¬ 
gates' vote to amend the Constitution to 
change the administrative year to coin¬ 
cide with the fiscal year has extended by 
six months the terms of those currently in 
office or serving on committees. The 
chairmanship and membership of the 
Committee on Nominations are excep¬ 
tions to this extension, as this committee 
serves only for the period between the 
Annual Meeting at which they are select¬ 
ed and the next year's meeting, for which 
they must present slates of nominees for 
the offices to be filled, (See Call for 1980 
Nominations at the end of this report.) 

The delegates also voted to remove from 
the Bylaws the requirements that the 
Committee on Qualifications, when vot¬ 
ing upon petitions for club status and au¬ 
thorized club status, do so at a stated 
meeting. This action will not only reduce 
travel costs for this activity but will great¬ 
ly expedite the entire process and save 
the time of all concerned. 

At least 21 days prior to the Assembly, in 
accordance with Bylaw II Section 4(b), 
two chapters had submitted proposed 
resolutions to the Committee on Resolu¬ 
tions for formal presentation to and con¬ 
sideration by the Assembly. It was re¬ 
ported earlier that neither of the resolu¬ 
tions had obtained the necessary majority 
vote to be adopted, but the full story Is 
presented here. 

Resolution #1, proposed by the Boulder 
Chapter, read: 

Whereas, one of the goals of Sigma XI, 
The Scientific Research Society, is to 
bridge the chasm which exists between 


the rest of society and workers in scien¬ 
tific research, and 

Whereas, the name Sigma Xi almost in¬ 
variably elicits a blank stare or "What is 
that? A sorority or a fraternity?" except 
from other Sigma Xi members, and 

Whereas, the use of the Greek letters 
often is interpreted by others as evidence 
of elitism and an ivory tower mentality, 
and 

Whereas, the continued vitality and 
growth of scientific research is depen¬ 
dent on the good will, understanding, and 
support of other segments of society, 

be it resolved, that the Board of Direc¬ 
tors, before October 1980, develop a 
plan to modify the use of the organiza¬ 
tional name, particularly in dealings with 
the general public (e.g., letterheads, pub¬ 
lications, etc.), to put primary emphasis 
on the words "Scientific Research Soci¬ 
ety" and secondary emphasis on the let- 
ters/words "Sigma Xi." 

Those who opposed Resolution 1 made 
the point that if this problem exists, as 
claimed by the Boulder group, the solu¬ 
tion is not to change the name but rather 
to work to give proper meaning to the 
name as It is. This resolution failed to re¬ 
ceive a majority vote. 

Resolution §2, presented by the Welles¬ 
ley Chapter following several changes in 
wording agreed to by the Wellesley dele¬ 
gate during earlier discussions at Region¬ 
al Assemblies, read: 

Whereas, employees of several states, 
counties, and cities are prohibited from 
attending meetings in states that have 
not ratified the Equal Rights Amendment 
and these employees must defy these 
proscriptions and accept whatever con¬ 
sequences may ensue or be excluded 
from Annual Meetings of Sigma Xi held in 
states that have not ratified the ERA, and 

Whereas, many people feel uncomfort¬ 
able attending meetings held in states 
which have not ratified the ERA and 
would therefore choose not to do so, and 

Whereas, the decision of the Society not 
to hold meetings In particular states 
where the choice of these states would 
exclude the attendance of a segment of 
the membership can in noway be con¬ 
strued as political lobbying as defined by 
the IRS, 


be it resolved, that for the period of the 
next three years, Sigma Xi shall endeav¬ 
or to avoid holding its Annual Meeting in 
states that have not ratified the Equal 
Rights Amendment. This action does not 
constitute agreement or disagreement 
with the amendment. 

Those who did not favor this resolution 
argued from two different tacks—first, 
that the resolution was inherently politi¬ 
cal, and second, that it was not relevant 
since meetings for the next two years, 
the period during which the decision on 
ERA will be made, are already set for 
states that have ratified the ERA. Also, 
although not yet contracted for, the site 
for 1982 will possibly be in Canada. 

There was no cut-off on the debate, 
which was quite spirited, and when there 
was no further proponent or opponent to 
be heard, President Kranzberg, as re¬ 
quested from the floor, called for a writ¬ 
ten ballot. The proposed resolution failed 
to obtain a majority vote, and thus was 
not adopted. 

A third Resolution was adopted unani¬ 
mously: 

be it resolved, that the 80th Assembly 
of Delegates of Sigma XI commend Dr. 
Patricia Faber, 1979 Meeting Chairman, 
for an excellent meeting. This Assembly 
is especially appreciative of her organi¬ 
zation of the Poster Session which pro¬ 
duced a wealth of ideas for delegates to 
carry back to their respective groups. 
This should serve to stimulate activities 
and cooperative endeavors within and 
between chapters and clubs, 

An interesting postscript to the Meeting 
is that the Society's travel representa¬ 
tive, Fugazy International, by careful se¬ 
lection of flights, saved more than 
$6,000 over what the subvention for trav¬ 
el expense would have been on nonspe¬ 
cial rate flights. 

Call for 1980 nominations 

The 1980 Assembly of Delegates when it 
meets at the Town and Country Hotel in 
San Diego, California, on 10-13 October 
1980 will select the Society’s President 
for 1982-83 and two. Directors-at-Large 
to serve until 30 June 1984. Members 
are urged to submit nominations for 
these positions by 1 March 1980 to Dr. 
Melinda J. Burrill, Chairman of the Com¬ 
mittee on Nominations, Department of 
Animal Science, California State Poly¬ 


technic University, Pomona, CA 91768. 
Nominations must include supporting in¬ 
formation that not only identifies the can¬ 
didate but justifies the reasons for his or 
her consideration by the Committee. 

To satisfy the constitutional require¬ 
ments, the Committee must present to 
the Assembly a slate of at least three 
nominees for each Director-at-Large po¬ 
sition to be filled—in this case, at least 
six nominees. Delegates at the 1980 
Meeting will vote for not more than two 
candidates out of the six, and the two 
who receive the highest and the next 
highest number of votes will be elected. 

A Regional Director will be elected at the 
Regional Assembly held by the North 
Central, Northwest, Southeast, and 
Southwest regions. Members from these 
areas, as well as the chapters and clubs 
within these areas, are invited to. present 
nominations and supporting information 
to the appropriate Regional Nominating 
Committee Chairman by 1 March. 

North Central: Robert Zand, Biophysical 
Research Division, 220 Bonistell, Univer¬ 
sity of Michigan, Ann Arbor, Ml 48105 

Northwest: Gordon M. Lerfald, 550 S. 

40th Street, Boulder, CO 80303 

Southeast: Edward N. Lambremont, Nu¬ 
clear Science Center, Louisiana State 
University, Baton Rouge, LA 70803 

Southwest: Melinda J. Burrill, Department 
of Animal Science, California State Poly¬ 
technic University, Pomona, CA 91768 

In accordance with Bylaw VI, Section 
3(e) 1, the Committee on Nominations is 
composed of "nine members, six of 
whom shall each have been elected by 
one of the six Assemblies of Regional’ 
Delegates to serve as chairman of the 
Nominating Committee of that Region 
and three of whom shall be the most re¬ 
cent past presidents of the Society." The 
Chairman of the Committee on Nomina¬ 
tions is required by Bylaw VI, Section 
3(e) 2, to "be elected by the Board of Di¬ 
rectors from among the six regional 
members." 

The 1980 Committee on Nominations, in 
addition to the four Regional Chairmen 
listed above, includes Dr. Edward Poz- 
iomek, Mid-Atlantic Region, and Dr. Leo¬ 
nora Mirone, Northeast Region, and past 
presidents, Drs. Lawrence M. Kushner, 
Harold G. Cassidy, and Dean E. McFeron, 
with Dr. Burrill serving as Chairman. 


Chapter-at-Large 

Edward J. Poziomek, chairman of the 
Committee on Membership-at-Large, has 
reported that at its October meeting the 
Committee voted to discontinue the 
Chapter-at-Large News section as it has 
been constituted in American Scientist, 
effective with the current issue. It was 
deemed more appropriate to communi¬ 
cate with the Chapter-at-Large member¬ 
ship through an annual newsletter and a 
personal note from the chairman. The 
newsletter, which will be sent out in Au¬ 
gust each year, will provide a greater op¬ 
portunity for members of the Chapter-at- 
Large to comment on programs and to 
submit suggestions for future activities. 
News of the activities of the Chapter-at- 
Large that are of interest to the general 
membership of Sigma Xi will continue to 
appear in American Scientist. 

Financial Statement FY1979 

The year 1978-79, as measured by the 
financial reports, was very successful. 
Instead of the loss of $23,098 predicted 
in the Operating Budget, the operations 
produced a favorable balance of 
$95,740. This swing of almost $119,000 
was the result of many factors. 

The audited financial statement and other 
financial information for the fiscal year 
ended 30 June 1979, which was present¬ 
ed to the General Assembly, included a 
new and special section entitled “Simpli¬ 
fied Expense Reports by Program, Activi¬ 
ty, and Purpose.” The reaction of the del¬ 
egates was most favorable, and many 
recommended that the summary be 
made available in this form to the entire 
membership. Of course, the comp lets 
nancial statement will be furnished to say 
member upon request, but since few ac¬ 
tually ask for the full statement the sim¬ 
plified version is presented in this issue of 
American Scientist 

The pie-chart diagram on page 118 
gives a picture of the overall allocation Of 
Sigma Xi's expenditures for programs 
and activities, which in turn fall into three 
major classifications of purposes. For in¬ 
stance, it may be seen from the chart 

that all monies spent for administration 
of Granfs-in-Aid of Research come from 
operating Income, while the grants them¬ 
selves come from the Reserve for 
Grants-in-Aid of Research. The sum of 
these two expenditures—9.0% of the 
Society's total expenditure for operation 
and Grants-in-Aid—is shown as one seg- 
(Continued onp. US] 
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The Atomic Arrangement 


In a recent experiment ; scientists at the General Motors 
Research Laboratories studied changes in chemical bonding 
during the dissociation of oxygen molecules on platinum. 
Preliminary surface work has explored an interesting, 
new phenomenon: the mechanism of oxygen dissociation 
over a wide range of temperatures. 


Oxygen on Platinum 0 + 0 


Atomic ■ Molecular 
Adsorption Adsorption 

A simplified schematic illustrating the reaction 
potential energy surface for oxygen-adsorption on 
a close-packed platinum surface. 

An electron (liftruction pattern which shows 
diffraction patterns from an oxygen-covered hex- 
agonally close-packed platinum surface at 0° C. 


VENDER what conditions will 
oxygen molecules dissociate into sin¬ 
gle atoms on a platinum surface? 
What is the mechanism for oxygen 
dissociation? Those are the kinds 
of questions that Dr. John Gland 
and his colleagues at the General 
Motors Research Laboratories are 
investigating to get a better under¬ 
standing of the chemistry behind 
catalysis. 

Their work has valuable prac¬ 
tical implications for the automotive 
field, where catalysis is used to re¬ 
move harmful emissions from auto¬ 
mobile exhaust. Most cars built in the 
U.S. use catalytic converters filled 
with beads containing platinum to 
chemically transform carbon mon¬ 
oxide and unburned hydrocarbons 
into harmless CO 2 and water. 

While it has long been known 
that catalysts are an effective way to 



convert these gases, little is known 
about precisely why and in what 
order the basic atomic reactions 
occur. 

In seeking answers to ! these 
questions, surface chemists study 
the elemental composition and geo¬ 
metric arrangement of atoms in the 
first few atomic layers of the surface 
and the means by which atoms and 
molecules from the gas phase bond to 
the surface. 

In his most recent work, Dr. 
Gland has been studying the adsorp¬ 
tion and desorption of oxygen on 
platinum single-crystal surfaces. 
This is important because oxygen is 
the agent that must be adsorbed on 
the surface to react with carbon 
monoxide and hydrocarbons to con¬ 
vert them to CO* 

The experiments were con¬ 
ducted in a stainless steel ultrahigh 
vacuum system equipped with , an 
electron energy analyzer and a mass 
spectrometer. The electron energy 
analyzer allows one to measure the 
concentration and character of the 
oxygen adsorbed on the platinum 
surface. The mass spectrometer is 
used to measure the desorption of O 2 
as the platinum surface is heated. 
Mathematical analysis of the desorp¬ 
tion process allows one to character¬ 
ize the chemical bond between the 
oxygen and the platinum surface. 

In these experiments, the plati¬ 
num surface is covered with oxygen 
at the extremely low temperature of 
179°C (almost the temperature of 
liquid nitrogen) by exposing it to 
gaseous O 2 molecules. The oxygen 
remaining in the gas phase is 
pumped away, and then the desorp¬ 


tion of oxygen from the surface is 
observed as the platinum crystal is 
gradually heated to 1000°C. 

The oxygen was found to de¬ 
sorb from the surface in two 
distinctly different temperature 
regimes-part at -125°C and the 
rest at about 425°C. By using the 
oxygen-18 isotope, it was estab¬ 
lished that the low temperature de¬ 
sorption represents oxygen that was 
adsorbed on the surface in a molecu¬ 
lar form while the higher tempera¬ 
ture desorption corresponds to 
oxygen adsorbed in the atomic form. 
From an analysis of the desorption 
process, it was possible to establish 
the complete energetics. Oxygen 
molecules from the gas phase strike 
the surface and are weakly bound (37 
kj/mol). The adsorbed oxygen mole¬ 
cule can either desorb into the gas 
phase (37 kj/mol) or dissociate into 
atoms (33 kj/molj. The atoms are 
bonded very strongly (200 kj/mol) to 
the surface. 


J_ROM the desorption analysis, 
it was also possible to deduce the 
mechanism for the dissociation proc¬ 
ess. The interesting conclusion that 
results is that the formation of 0 
atoms on platinum is a two-step proc¬ 
ess-oxygen is adsorbed in a molecu¬ 
lar state and then dissociates to form 
atoms. 

The GM scientists were most 
interested in learning how this ad¬ 
sorbed molecular species is bonded 
to the platinum surface. Fortunately, 
another technique was available to 
determine the bonding. The tech¬ 


nique is called electron energy-loss 
spectroscopy and is quite new-there 
are only six or seven such instru¬ 
ments in the world. The measure¬ 
ments not only confirmed the 
existence of the adsorbed molecular 
oxygen but showed that it was bound 
by the transfer of two electrons 
from the platinum surface into the 
antibonding w g orbitals of oxygen. 
"This was most exciting” said Dr, 
Gland, "because this is the first time 
that this type of oxygen bond has 
been observed on a metal surface. 

"We’re getting closer and 
closer to a more specific understand¬ 
ing of catalysis,” says Dr. Gland. 
"The more we learn about simple 
chemical systems, the better we’ll be 
able to control more complicated sys¬ 
tems. That has excellent implica¬ 
tions for protecting the environ¬ 
ment.” 


T'jTr Dr, John Gland, 

MAAT 32 years old, is a 

MAIN Senior Research Sci- 

BEHIND entist in surface 


Tlir chemistry at the 

WARTT General Motors Re- 

WUiuv search Laboratories. 

He heads a group of 7 investigators, 4 
with Ph.D.s, all involved in work re¬ 
lating to the basic surface chemistry 
of catalysis, 

A graduate of Whittenberg 
University in Ohio, Dr. Gland re¬ 
ceived his PhD. in physical chemis¬ 


try at the Univer¬ 
sity of California, 

Berkeley, in 1973 
and joined the 
General Motors 
staff that year, 

Dr. Gland 
comments: "I 
came to GM Labs 
because I wanted 
to get in on the 
ground floor of 
an exciting new 
field. The, atmo¬ 
sphere here is very open, with lots of 
cross-pollination among depart¬ 
ments, With several hundred people 
with Ph.D.s here, we’ve got a lot of 
human resources to draw on in all 
the basic sciences. 

"Typically, management de¬ 
fines a broad problem, then we’re free 
to tackle the solution in any way we 
choose. They give us the freedom, 
equipment and support to get the job 
done correctly.” 

In addition to his research, Dr. 
Gland enjoys backpacking in 

Wyoming and in the Sierra Nevada 
Mountains in California. 


M General Motors 

mj|| People building transportation to serve people 
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Robert Dolan Barrier Islands 

Bruce Hayden 

Harry Lins Jfte natural processes responsible for the evolution 

of barrier islands and for much of their recreational 
and aesthetic appeal also make them hazardous 
places for humans to live 


“A hurricane will kill hundreds, if not 
thousands, of Americans, and cause bil¬ 
lions of dollars of property damage 
sometime soon.... I do not know pre¬ 
cisely when or where; but it will 
happen.” 

—Richard A. Frank. National Oceanic 
and Atmospheric Administration 

When this storm strikes, much of the 
damage and some of the deaths will 
probably occur on one or more of the 
282 barrier islands that rim the At¬ 
lantic and Gulf coasts of North 
America (Fig, 1). The beaches, dunes, 
and marshes that make up these 
low-lying sand islands are temporary 
in location and shape, and their 
ephemeral nature has always formed 
part of their aesthetic and recrea¬ 
tional appeal Unfortunately, devel¬ 
opment of the barrier islands has 
taken place more rapidly than has our 
understanding of their dynamics and 
their ecological significance. The 
processes affecting these landforms 
span time scales from hours to dec- 


Robert Dolan, of the Department of Environ¬ 
mental Sciences at the University of Virginia, 
was senior author of "Man's Impact on the 
Barrier Islands of North Carolina," which 
appeared in American Scientist in March 
1973. The present article updates much of this 
earlier information. Bruce Hayden, an asso¬ 
ciate professor in Environmental Sciences al 
the University of Virginia, has done extensive 
research on storms and the history of shoreline 
dynamics along the Atlantic amt. Harry Lins 
is a research geographer with the U.S. Geo¬ 
logical Suruey. Much of his recent research has 
been on coastal hazards, with special em¬ 
phasis on the patterns and trends of devel¬ 
opment on Atlantic and Gulf coast harrier 
islands, The research reported in'this article 
was supported by the U.S. Geological: Survey, 
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ades and include variations in the 
beach during a single 12-hour tidal 
cycle, periodic storm surges, shoreline 
recession in response to long-term 
alterations in sea level, changes in 
storm tracks, and island-wide modi¬ 
fications associated with man’s ac¬ 
tivities. 

Barrier islands, particularly on the 
ocean side, have always been haz¬ 
ardous places for man (Fig. 2). Early 
inhabitants recognized this and set¬ 
tled on the more stable parts of the 
islands. Over the last several decades, 
however, this pattern of development 
has reversed, with most construction 
taking place dangerously close to the 
shoreline (Frank 1979). This trend 
stems from a strong desire to be near 
the water’s edge, even though that 
location clearly introduces serious 
risks to both life and property. 

Since 1900, Atlantic and Gulf coast 
barrier islands have been crossed by 
more than 100 hurricanes. About half 
have been classified by the National 
Oceanic and Atmospheric Adminis¬ 
tration (NOAA) as major storms— 
those with winds greater than 150 kph 
and storm surges (also called storm 
tides) of more than 3 m (Hebert and 
Taylor 1979a, b). The two deadliest 
hurricanes of this century killed over 
6,000 people in Galveston, TX, in 
1900 (Hughes 1979), and almost 2,000 
people in Florida in 1928. The three 
costliest hurricanes were Frederick, 
which in September 1979 caused an 
estimated $700 million in damages 


250 kph and a storm surge that drove 
water more than 8 m above sea level 
(Simpson 1971; Saffir 1977). 

Only four major hurricanes have oc¬ 
curred since 1969. Three of these 
struck relatively sparsely populated 
areas along the Gulf coast: Celia in 
southern Texas in 1970, Carmen in 
Louisiana in 1974, and Eloise in 
northwest Florida in 1975. Frederick, 
a class 3 hurricane on the Saffir/ . 
Simpson scale, struck a densely pop- , 
ulated area of the Gulf coast. The last 
major hurricane to hit the Atlantic 
coast was Donna in 1960. As a result I 
of this disparity in the frequency and 
distribution of major hurricanes, 
fewer than 20% of the residents of the ; 
Atlantic and Gulf coast barrier i 
islands have ever experienced the 
impact of such'a storm. 

Although hurricanes cause extensive 
damage and loss of life in the vicinity 
of their landfall, winter storms ac¬ 
count for much of the coastal damage. 
Along the mid-Atlantic each year, ' 
thirty-five to forty winter storms, or 
“northeasters,” have enough force to 
erode beaches (Hayden 1975). The 
Lincoln’s Birthday storm of 13 Feb¬ 
ruary 1973, for example, caused se¬ 
vere beach erosion from Long Island, • 
NY, to Miami, FL, and the great Ash 
Wednesday storm of 7 March 1962 i 
produced waves over 10 m in height 
and damaged millions of dollars of 
property along the mid-Atlantic coast : 
(Stewart 1962; U.S. Army Corps of 
Engineers 1962). 


along the Gulf coast near Mobile, AL; 
Agnes, which caused $2 billion in 
damages in 1972; and Camille, which 
destroyed $1.4 billion worth of prop¬ 
erty in 1969. Camille was also one of 
the most intense hurricanes since 
1900, registering 5 on the Saffir/ 
Simpson scale, with wind speeds over 
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Understanding the natural dynamics 
of barrier islands is the key to recog¬ 
nizing and estimating both the 
short-term and long-term hazards of 
living on them. The purpose of this 
paper is to summarize the current 
information on barrier island dy- 
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namics and to show relationships 
between these dynamics and envi¬ 
ronmental hazards. We will begin 
with a review of the geomorphological 
history of barrier islands—how these 
landforms were created, how they 
have undergone change, and why they 
will continue to change in spite of our 
efforts to halt the natural processes. 

Barrier island dynamics 

The Atlantic and Gulf coastal plains 
are relatively flat lands that slope 
gently seaward to a wide submarine 
continental shelf. The shore zone, or 
interface between the land and sea 
portions of the coastal plains, consists 
of a series of barrier islands 3 to 30 km 
offshore. The islands are 2 to 5 km 
wide, 10 to 100 km long, and low in 
elevation. The highest topographic 
features are sand dunes usually 3 to 6 
m above sea level. In a few areas, like 
Jockey’s Ridge, NC, unvegetated 
dunes reach a maximum for the 
islands of 30 m in height. Some 
stretches of the Atlantic coast are not 
bordered by islands, but only main¬ 
land beaches open to the sea. 

Vegetation on the islands consists 
primarily of grasses or shrubs, with 
maritime forests of pine and oak in 
more sheltered areas. The lagoons or 
bays on the sound side are shallow 
and may have large tidal mud flats 
and marshes. Tides along the Atlantic 
coast range from 1 to 3 m; along the 
Gulf coast they average less than 0.5 
m. The average daily wave heights are 
low, ranging from 0.5 to 1 m. Storms 
generate larger waves and are the 
principal agents of change; winter 
extratropical storms produce deep¬ 
water waves of 5 to 10 m, with storm 
surges of 1 to 2 m. Hurricanes (tropi¬ 
cal storms), which occur less fre¬ 
quently, also cause major landscape 
changes, especially in the vicinity of 
their landfall. 


sun are aligned, which maximizes 
their combined gravitational forces. 
The tides thus produced, called 
spring tides, are about 20% higher 
than average. Also, because the 
moon’s orbit is elliptical, there is a 
minimal distance between the moon 
and earth once during each revolu¬ 
tion, and when this occurs, higher 
tides—perigean spring tides—are 
generated, Wood (1976) has reported 
the coincidence of catastrophic 
storms and perigean spring tides: he 
found high correlation between 100 of 
the most severe coastal storms be¬ 
tween 1635 and 1976 and the perigean 
spring tides. 

Extratropical and tropical storms, 
with their strong waves and storm 
surge, often drive water and beach 
sands completely across the harrier 
island. In contrast, during periods 
between storms the beaches build 
seaward, Thus, at times the barrier 
island shorelines move landward and 
at other times seaward, in response to 
varying energy conditions. In recent 
decades this movement has been 
mostly landward, at a rate of about 
1.5 m/yr for the Atlantic coast (Dolan 
et al., in press), a trend that is part of 
a longer pattern of island migration 
(Hayden et al. 1979; Moslow and 
Heron 1978). 

The mechanics of barrier island for¬ 
mation and migration has been a 
subject of debate among earth scien¬ 
tists for many years (Shepard 1962; 
Hoyt 1967; Swift 1968,1975; Hoyt 
and Henry 1967; Otvos 1970; M. 
Schwartz 1971). There is, however, 
indisputable evidence that most'of 
the mid-Atlantic barrier islands are 
migrating landward (Kraft et al. 1976; 
Fisher and Simpson 1979). Peats and 
tree stumps, remnants of forest 
stands on the back sides of the 
islands, are now being found on open 
ocean beaches, indicating distinct 


marine transgressions (Curray I960; 
Kraft et al. 1973; Dillon and Oldalc 
1978; Field et al. 1979). In addition, 
overall island recession can be mea 
sured from historical maps and aerinl 
photographs. 

Change on sedimentary coasts is a 


Figure 1. Along the coastline between Cap* 
Cod, Massachusetts, and Padre Island, Toxin. 
lie 282 barrier islands. The low, flat islands 
range from 10 to 100 km in length and 2 to f> km 
in width (widths have been exaggerated on Ihhf 
map). ■ ' / 
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Figure 2, On the morning of 7 March 1962, the Cape Lookout. Most of the damage occurred on 

mid-Atlantic coast was struck by the most se- the low barrier islands, as seen in this view of 

vere winter storm of record. The Ash Fire Island photographed shortly after the 

Wednesday storm caused more than $500 storm subsided, (United Press International 

million in damages between Long Island and Photo.) 


moved along the shore. In New En¬ 
gland, glacial deposits were eroded by 
the encroaching sea (Strahler 1966). 

Once sea level became fairly stable, 
waves, currents, and winds worked 
together on the sand to form the 
beaches and barrier islands that 
stretch from New England to Texas. 
As long as the inshore system con¬ 
tained surplus sediment, the beaches 
continued to build seaward until 
equilibrium was established. Equi¬ 
librium in this case was a function of. 
the balance among storm and wave 
energy, sea level, and the amount of 
sediment in the transport system. 

All the evidence suggests that this 
equilibrium was reached about 4,000 
to 5,000 years ago. At that time the 
barrier islands were wider—some by 
as much as 2 km or more. As time 
passed, the complex landscape of the 
barrier islands evolved (Riggs and 
O’Connor 1974). In the narrow areas, 
inlets breached the islands and filled 
in to reform them. Long spits con¬ 
nected the more stable sections, such 
as the land area near Cape Hatteras, 
NC, where sequences of beach ridges 
developed, building long chains of 
Holocene barrier islands. Exceptions 
to this model are the more stable “sea 
islands” of Georgia and South Caro¬ 
lina, which differ significantly from 
Holocene barriers in that Holocene 
material is deposited on the seaward 
side of detached segments of the 
mainland Pleistocene terrace (Ziegler 
1959). 


function of three factors: the amount 
and attributes of sediment within a 
coastal segment, the magnitude of 
natural processes, and the stability of 
sea level, These factors are also di¬ 
rectly related to the geological origin 
of the barrier islands. 

It is now well established that sea 
level has oscillated several times 
during the past half-million years 
(Donn et al. 1962). During the 
warmer, interglacial periods, conti¬ 
nental ice melted, and the shorelines 
of the world’s ocean basins advanced 
inland across the continental shelves. 
During the cooler glacial periods, as 
water was withdrawn from the seas 
and stored in the form of glacial ice, 
the shorelines moved seaward across 
the continental shelves. This process 
involved great quantities of seawater, 
enough to move the shoreline across 
roughly 150 km of the coastal plain 
and continental shelf (Fig. 3). 


When the last period of glaciation, the 
Wisconsin, came to an end about 
12,000 years ago, sea level was ap¬ 
proximately 120 m lower than it is 
today, and the shorelines of the At¬ 
lantic and Gulf coasts were 60 to 150 
km seaward of their present positions. 
With the change from glacial to in¬ 
terglacial, the sea started to rise and 
continued to rise for 8,000 years 
(Curray 1961; Coleman and Smith 
1964), reaching within a few meters of 
the present level at the beginning of 
the Holocene, about 4,000 or 5,000 
years ago (Fig. 4). 

As the sea rose and the shoreline 
moved across the continental shelf, 
large masses of sand were moved with 
the migrating shore zone in the form 
of beach deposits (Duane et al. 1972; 
Field and Duane 1976). Sediment 
that had been deposited as deltas 
within the coastal river systems was 
also reworked by wave action and 


Although Holocene sea level re¬ 
mained fairly stable following the 
initial rise during the post-Wisconsin,. 
sea level has risen several meters in 
the past 2,000 years. This slow rise 
has resulted in the recession of 
shorelines and the enlargement of 
bays and sounds. Over the past 100 
years, the rise has been rapid, totaling 
slightly more than 30 cm (Hicks and 
Crosby 1975). 

The rate of barrier island recession 
over the last 2,000 years undoubtedly 
varied as the rate in the rise of sea 
level changed, as the supply of sand 
waned, and as the slope of the bottom 
of the inshore zone evolved in re¬ 
sponse to storms and waves. Some of 
the eroded material has been lost into 
large offshore sediment sinks, such as 
Diamond Shoals off Cape Hatteras. 
Much of it, however, has remained 
within the barrier island sediment 
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Figure 3. The Atlantic coast shoreline and the 
barrier island landforms have changed posi¬ 
tions several times since the beginning of the 
Wisconsin. Sea level was about 10 m higher 
35,000 years ago than it is today, and the 
shoreline was well inland of its present position. 


budget and has contributed to spit 
growth, inlet filling, dune building, 
and storm-overwash deposits. 

Overwash and inlet formation are the 
two most important processes in the 
landward movement of the barrier 
islands. During severe storms, the 
beach zone and seaward dunes are 
overtopped by high water levels and 
waves. As this sediment-charged mass 
of water spills across the beach and 
flows toward the bays and sounds on 
the inland margins of the islands, a 
layer of sediment is removed from the 
beach and added to the island’s inte¬ 
rior—a process that transforms the 
shape and position of the island but 
conserves its total sediment mass. 

During storms, sand also moves in¬ 
land through inlets into the bays and 
lagoons. This type of movement is 
common along the Atlantic coast, 
particularly south of Cape Cod. 
Temporary inlets are formed during 
storms when the islands are over¬ 
washed and breached, creating 
openings to the lagoons and bays be¬ 
hind the beaches. Most of these inlets 
eventually close, unless there is a 
major river discharge behind them 
(R. Schwartz 1975). While the inlet is 
open, however, sand moves through 
it and is deposited on the inside of the 
barrier island as large, fan-shaped 
shoals (Pierce 1970). Sand is also 
carried out during ebb tide, and a 
similar delta may be created in the 
ocean. The inlet shoals are exposed at 
low tide and eventually become new 
substrate for highly productive salt 
marshes (Godfrey 1976); shoals below 
the low tide support underwater grass 
beds. Sand overwash crossing the 
islands also creates a fringe of marsh 
substrate, but inlet deposits lead to 
the most extensive marshes project¬ 
ing into the sounds and bays behind 


The shore-zone landform probably consisted 
of beaches and barrier islands similar to today’s 
environment. The actual coastline 35,000 years 
ago was located at a topographic feature now 
referred to as the Suffolk Scarp, At the low 
stand of sea level 12,000 years ago, the shoreline 


the barrier islands (Hayden and Do¬ 
lan 1979a). 

All barrier islands respond to the 
dominant processes of overwash and 
inlet formation. However, as Fisher 
(1968) and Godfrey and co-workers 
(1979) have pointed out, there are 
significant regional differences. In the 
Northeast, for example, overwash 
occurs less frequently, and large 
dunes and cliffs have formed from 
sediment eroded from glacial depos¬ 
its, while along the mid-Atlantic 



Figure 4. Today’s barrier islands evolved 
during the Holocene.(beginning about 5,000 
years B.P.), as sea level gradually increased, 
During the early Holocene (3,000 years B.P.) we 
believe there was a period when great surpluses 
of sediment were available to be reworked by 
shoreline processes to form the barrier islands 
we see today. In recent decades there seems to 
be much less sand available, and the islands are 
eroding and moving landward. 


was 60 to 150 km seaward of its present pusi 
tion; little is known about the form of the shniv 
zone at that time. Today sea level is in an in¬ 
termediate position between the two ux 
tremes. 


coast, where tide ranges are lower, 
overwash is a more common pro¬ 
cess. 

Shoreline processes 

Despite the well-established, long 
term trend of barrier island migration 
and the effects of periodic storms, tin 
well as repeated warnings by NO A A, 
the Department of the Interior, and 
the U.S. Army Corps of Engineers, 
coastal-zone planning and develop 
menthave been largely based on tin* 
concept that beaches and barrier 
islands are stable or that they can he 
engineered to remain stable. This 
attitude is due both to the lack of 
detailed information on the part o! 
land developers and the general 
public and to the difficulty and ex¬ 
pense of obtaining accurate data tm 
shoreline changes and storm-surge 
penetration. 

Analysis of historical changes in the 
shoreline and overwash zone requires 
repeated sampling in space and time. 
Although information of this type can 
be obtained from ground surveys and 
maps and charts, our research has led 
us to believe that aerial photography 
is the only reliable source for high 
resolution, regional-scale analysis nl 
shoreline dynamics along the barrier 
islands. Therefore, in 1975 we begins 
to develop a common-scale mapping 
system to provide a uniform data base 
for both intra- and inter-barrier 
island comparisons (Dolan et al, 
1978a). 

We have used the common-scale 
mapping system to produce and an 
alyze data on shoreline and storm- 
surge penetration changes and rail - 
of change at 100 m intervals along lift 
km of the Atlantic shoreline betwen 
New Jersey and North Carolina (Hjs 
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Figure 5, Shoreline changes have been mea- generally higher and more variable on islands 
sured at 100 m intervals along 630 km of the with frequent inlets, exceptionally high rates 
mid-Atlantic coast. Although erosion rates are are evident for the Virginia barrier islands. 



of the Atlantic coast fall within the 
full range of 10 to 100 km in length, 
These data span more than 15 years 
for 100% of the study area, over 25 
years for 91% of the area, and over 30 
years for 53% (Dolan et al. 1978b). . 

Figure 5 shows the rates of shoreline 
change for the 6,300 transects of the 
630 km reach. The calculation of 
mean rates of change for entire 
islands does not give an accurate 
picture of the dynamics, as most of 
the islands have higher rates of 
change at one end than at the other, 

If the mean value is used, however, 
the overall shoreline erosion rate for 
this section of the mid-Atlantic coast 
is 1.5 ra/yr. The islands with more 
southerly exposures, such as Fisher¬ 
man’s Island, VA, and the islands 
from Cape Hatteras to Cape Lookout, 
NC, have lower rates of erosion and 
some may, over short distances, even 
he accreting. These rates are a func¬ 
tion of the direction of storm tracks 
and wave approach and of the orien¬ 
tation of the shoreline along the 
mid-Atlantic coast (Dolan et al. 
1979). 

Exceptionally high rates of erosion 
are found on the 15 undeveloped 
barrier islands off the Virginia coast, 

In addition to high erosion rates, 
these islands are anomalous to the 
other mid-Atlantic barrier islands in 
other respects: they are shorter and 
lower and are composed of a thin ve¬ 
neer of fine sand and shell beach over 
a silty clay substrate (Newman and 
Munsart 1968). Also, they are much 
more active than the other Atlantic 
coast barrier islands. Isolation, vul¬ 
nerability to storm surge, and limited 
fresh water made the Virginia barrier 
islands less attractive to developers 
during the decade of extensive con¬ 
struction along the Atlantic seaboard 
in the 1960s. As a result, thirteen of. 
the islands were purchased by The 
Nature Conservancy in the early 
1.97(.)s and have been left to follow 
their natural course (Badger 1978). 

The common-scale data base can be 
used to predict future positions of the 
shoreline and the landward limits of ; 
surge damage zones, on the assump- f 
tion that recent history is the key to | 
the future. The landward limit of the k 
shoreline at some time in the future 
can be predicted on a probabilistic ; 
basis using the rate-of-change data 
/Imn'otinne At a : 


probability level, the change in the 
position is the product of the rate of 
shoreline change times the defined 
interval of time. Shoreline positions 


calculated using appropriate fractions 
of the standard deviation of the rate 
of change. (Details of these calcula¬ 
tions are given by Dolan and co¬ 
workers, 1978b.) A similar procedure 
gives probabilistic estimates of the 
change in the position of the land¬ 
ward limit of storm-surge penetration 
at defined times in the future. These 
projections assume that the trends of 
the past thirty to forty years will 
continue essentially unaltered. 

Using this approach, we have exam¬ 
ined the hazards of erosion and the 
danger of destructive storm-surge 
penetrations for several barrier 
islands. For example, Cape May, the 
southernmost barrier island of the 
New Jersey coast, has a 1 in 2 proba¬ 
bility level that the shoreline will be 
90 m landward of its current position 
by the year 2010. Based on a 1 in 7 
probability level, the estimate in¬ 
creases to 177 m. The landward limit 
of storm-surge penetration for the 
same period is estimated at 81 and 
168 m, using the 1 in 2 and 1 in 7 
probability levels respectively. 
Clearly, storm-surge damage in¬ 
creases in proportion to the magni¬ 
tude of shoreline recession or erosion. 
One hazard is, therefore, a function of 
the other, which poses a problem for 
anyone trying to estimate the risks of 
living on a barrier island. 

Data for changes on an island-wide 
basis may, however, be misleading. 
Overall erosion rates for individual 


the erosion hazard along specific 
reaches of the island. At Cape May* 
for example, the risk is very high at 
both ends of the island and very low 
near its center. Clearly, estimates of 


(Hayden and Dolan 1979b). 

Barrier island 
configuration 

Even a cursory inspection of photo¬ 
graphs taken from space of the At¬ 
lantic coast reveals a repetition of 
small- and large-scale crescent- 


Some of these crescentic patterns are 
the result of variations in the rates of 
shoreline processes. For example, the 
rate of shoreline erosion on the Vir¬ 


Figure 6. Crescentic coastal landforms of 
variable length are common along the reach of 
coast north of the Cape Hatteras lighthouse, 
The solid line indicates crescent-shaped 
shoreline features called sand waves; the 
dashed line indicates similar forms of a longer 


ginia barrier islands varies system¬ 
atically with the configuration of the 
shoreline, with erosion rates greatest 
where the azimuths of the shoreline 
are near 28° east of north, and less at 
smaller and larger azimuth angles. 
The result appears as a series of 
crescentic landforms. At places the 
shoreline is concave and at other lo¬ 


wavelength, Near the horizon is an embay twill 
within which an inlet formed during the A-h 
Wednesday storm of 1962. (This photo win 
taken by Franc Shor prior to the 1962 storm, 
and is reproduced with permission of the Nit 
tional Geographic Society.) 


cations convex, forming what art? 
sometimes called “false capes” (Dolan 
etal. 1979). 

Along the Atlantic coast, the larger 
of the crescentic landforms are tin 
broad arcs of the North Carolina 
Outer Banks, which span distances 
approximately 100 km. Small'- 
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crescentic forms occur within these 
large arcs, including beach cusps 
(10-30 m), giant beach cusps (100- 
200 m), and. even larger forms as long 
as a kilometer or more (Dolan et al. 
1974), Inshore bars and troughs may 
also assume crescentic and rhythmic 
configurations in response to sea 
states, tides, and sea level, Smaller 
forms appear, disappear, and may 
migrate along the shoreline, while 
large ones establish the spatial con¬ 
text for shoreline distribution of 
erosion and storm overwash (Pig. 6) 
(Dolan 1971). 

The pattern of storm-surge deposits 
along the Delaware coast following 
the Ash Wednesday storm of 1962 is 
depicted in Figure 7, Although all 
sections showed some degree of ov¬ 
erwash, the distance that sand pene¬ 
trated inland varied markedly. This 
pattern is even more evident on the 
Chandeleur Islands of the Louisiana 
coast (see cover). Spectral analysis of 
these patterns and the forty-year 
averages for the position of the 
shoreline suggest that along-the-coast 
periodicities (regular, recurring pat¬ 
terns) exist for both the long-term 
average shoreline erosion and the 
penetration during a single storm, We 
are convinced that these periodicities 
play an important role in determining 
the spatial patterns of erosion and 
storm damage (Dolan et al, 1979b). 

Along concave reaches of barrier 
islands, such as the arc between Cape 
Hatteras and Cape Lookout, there are 
numerous periodicities; along convex 
reaches, fewer periodicities exist 
(Dolan et al. 1979a). We have found 
that the convex reaches in the off¬ 
shore zone have complex bottom to¬ 
pography with organized shoal fields, 
whereas concave areas have a 
smoothly sloping bottom, Although 
we have not established the relation¬ 
ship between bottom topography and 
shoreline form, we are convinced that 
coastal configuration plays an im¬ 
portant role in determining hazards 
and risks on barrier islands (Dolan et 
al. 1979b), 


Figure 7. Patterns of sediment deposition re¬ 
sulting from storm-surge overwash are shown 
along the Delaware coast following the Ash 
Wednesday storm of 1962, Arrows indicate 
individual overwash deposits, Analysis of 
.shoreline erosion patterns along,the coast in-, 
dicates periodic variations of similar wave¬ 
length, (Photo: courtesy of U.S. Air Force,) 



Man’s use of barrier 
islands 

Many Atlantic and Gulf coast barrier 
islands have been developed and 
highly modified in the last two dec¬ 
ades. Supplies of fresh water are 
commonly overtaxed, and waste 
products have changed the ecological 
balance of adjacent coastal wetlands. 
Often the changes on barrier islands 
during storms are catastrophic, and, 
like the natural landscape, houses and 
commercial facilities constructed 
close to the shoreline are destroyed. 

The Ash Wednesday storm of 1962, a 



USGS. Table 1 lists the processes, natural and 
man-made, that affect these categories. 


model of the severest kind of storm 
along the mid-Atlantic coast, caused 
damage to property amounting to 
more than .11500 million (1962 dollars), 
and 32 lives were lost. Unfortunately, 
this devastation was soon forgotten, 
and rapid shore-zone development 
has continued, much of it within the 
actual overwash zone of the storm. 
For example, following the storm, 8(19 
buildings remained within a 500 ha 
area in the village of Nags Head, NO; 
today there are 1,304 buildings in the 
same hazardous zone, an increase of 
40%. Each year erosion and storm 
surge take a toll along the Atlantic 
coast, with costs measurable in mil¬ 
lions of dollars. 

Using categories based on the United 
States Geological Survey’s nation¬ 
wide land-use and land-cover map¬ 
ping program, Figure 8 presents a 
cross section of typical locations of 
the categories found on barrier 
islands (Anderson et al, 1976). Table 
1. lists the natural processes causing 
change, the normal periods of land¬ 
scape response, and assessments of 
the stability and vulnerability of eaclv 
land-use and land-cover category. 

Recent trends in development on the 
Atlantic and Gulf coast barrier 
islands have been analyzed by the 
USGS (Lins, in press). Of 282 islands 
surveyed, roughly 70 are developed or 
urbanized, including Atlantic City, 
NJ; Ocean City, MD; Virginia Beach, ; 
VA; Wrightsville Beach, NO; Hilton 
Head, SC; Jekyll Island, GA; Miami . 
Beach; and Galveston Island, T5L 
About 80 other islands have been 
purchased for, or included within, 
state and local recreation areas or 
preserves. Fifteen of the largest bar¬ 
rier islands have been acquired by the 
federal government for wildlife refu¬ 
ges and national seashores. The re¬ 


Despite the rapid expansion of resi- servation organizations. In his 1977 
dential and commercial development, environmental message to Congress, 
the type of land cover on barrier President Carter expressed this coti 
islands in 1975 was still predomi- cern: 


maining 120 islands are privately 
owned and largely undeveloped. 

The USGS study analyzed changes in 
land use and land cover on the 282 
islands for the period from 1945 to 
1973. Four categories—-wetland, 
urban or built-up land, barren land 
(sand flats on overwash terraces), and 
maritime forests—account for 90% of 
the total area of barrier islands. Land 
used for urban development has in¬ 
creased 56,000 ha, or 153%, during the 
30-year period studied. Urban land 
accounted for only 5.6% of the total of 
670,000 ha in 1945; in 1975 it ac¬ 
counted for 14%. Most of this devel¬ 
opment occurred in wetland areas 
(32,000 ha) and, to a lesser extent, in 
forests (6,500 ha) and barren lands 
(11,000 ha). 


nantly wetlands. Half the total land 
area was classified as wetland; .barren 
land occupied another 93,000 ha, or 
14%, while maritime forests covered 
60,000 ha, or about 10%. It is note¬ 
worthy that the area of urban or 
built-up land equaled the area of 
barren land. Furthermore, 14% urban 
area represents a very large percent¬ 
age in view of the fact that only 3% of 
the total land area in the United 
States is urban (Hart 1975). 

Federal recognition of the develop¬ 
ment pressures facing barrier islands 
has heightened recently, largely in 
response to the work of private con- 


Coastal barrier islands are a fragile bu Ilk 
between the wetlands and the sea. The 
189 [1977 data] barrier islands on the 
Atlantic and Gulf coasts are an integral 
part of an ecosystem which helps protect 
inland areas from flood waves and hurri¬ 
canes, Many of them are unstable and not 
suited for development, yet in the past the 
federal government has subsidized and 
insured new construction on them. 
Eventually, we can expect heavy ecu 
nomic losses from this shortsighted 
policy. 

About 68 coastal barrier islands [1977 
data] are still unspoiled. Because I believe 
these remaining natural islands should In- 
protected from unwise development, I am 


Table 1. Altering processes and response periods on barrier Islands 


USGS land class 

Events causing alterations 

Period of response 

Vulnerability* 

Stability 11 

Grassland 

_ 

Slow trends 

- 

- 

Vegetated sand flat 

Storm deposition of sand; denudation; 

Dally 

Moderate 

Stable 

Vegetated dune system 

severe storms 

Storm erosion of dune mass; denudation; 

Dally 

; Low 

Stable 

Forest 

severe storms 

Denudation 

Slow trends 

Moderate 

Stable 

Estuary and bay 

Pollution; alteration of flow patterns 

Dally 

Low 

Stable 

Freshwater pond 

Marsh 

Slltatlon; saltwater Intrusion 

Overwash deposition of sand; man-made 

Daily 

Slow trends; dally 

High 

Moderate 

Unstable 

Unstable 

Mud flat 

land fill; restriction of water flux; severe 
storms 

Current erosion; revegetation 

Dally 

Moderate 

Unstable 

Beach 

Storm-caused erosion; sea-level trend; 

Dally (seasonally) 

High 

Unstable 

Unvegetated sand flat 

Severe storms 

Overwash deposition; revegetation 

Dally 

Moderate 

Stable 

Stable 

Unvegetated dune system 

Vegetation 

Daily 

Moderate 


source: Coastal Environments Program, University of Virginia, Charlottesville, VA 22903 

a High: frequent natural changes, representing risk for development. Moderate: danger from flood or surge, Low: slow natural change. 
b Stable: relatively Insensitive to activity. Unstable: easy to move out of balance. 


1980 January-February V 


22 American Scientist, Volume 68 









directing the Secretary of the Interior, in 
consultation with the Secretary of Com¬ 
merce, the Council on Environmental 
Quality, and state and local officials of 
coastal areas, to develop an effective plan 
for protecting the islands. His report 
should include recommendations for ac¬ 
tion to achieve this purpose. 

The report of the Secretary of the 
Interior, along with attendant as¬ 
sessments and recommendations 
about the impact on the environment, 


Figure 9, The first resorts along the New Jer¬ 
sey coast date from the late 1700s. In Cape 
May, a long history of beach protection has 
culminated in a hard-structure approach, Even 


Many conservationists claim that 
development would have been held in 
check by the high risk and hazards 
associated with barrier island dy¬ 
namics and that the federal govern¬ 
ment, with various subsidies for 
public development, was responsible 
for most of today’s problems. Of 
particular concern has been federal 
support for the construction of 
bridges, the first step toward urban¬ 
ization of barrier islands (Soucie 


though the position of the shoreline has been 
stabilized, the sand itself is lost. (Photo by J. 
Heywood.) 


Assessing future risks 

Gilbert White, a well-known analyst 
of the social and economic implica¬ 
tions of settlement in hazardous 
areas, has said that the most rapidly 
growing site for catastrophic events in 
the United States is the Gulf and 
Atlantic coast of the country. There 
one finds rates of growth within the 
50- and 100-year flood frequency 
zones that are four, five, and ten times 
as great as in adjoining areas, and it is 
these areas that someday, perhaps 
next year, perhaps not for a hundred 
years, will be the sites of enlarged 
catastrophies. 

We agree that the potential for cata¬ 
strophic loss increases with the rapid 
development of barrier islands. We 
also find that the hazards of coastal 
erosion and storm surge are not con¬ 
stant but increase annually. The in¬ 
crease stems not from greater expo¬ 
sure of life and property but rather 
from the dynamics of these islands 
and, in some cases, from man’s at¬ 
tempt to control the natural pro¬ 
cesses. The islands are, in effect, mi¬ 
grating out from under coastal de¬ 
velopment, rendering each building, 
in its turn, the status of beach front 
property. Many communities that 
reduced the risks by constructing 
barrier dunes, sea walls, groins, and 
other structures during the 1940s and 
1950s now face total loss of their sand 
beaches and rapidly increasing 
maintenance costs on these protective 
structures (Fig. 9). Along the Outer 
Banks of North Carolina, dune 
breaches and overwashes have be¬ 
come more common each year, and 
there is little room left on the narrow 
beaches to build another phalanx of 
barrier dunes. 


is currently undergoing final review 
in preparation for submission to the 
President (U.S. Department of the 
Interior, 1978), The primary recom¬ 
mendation is that the federal gov¬ 
ernment stop subsidizing develop¬ 
ment through assistance programs. 
However, the wide range of federal 
assistance programs is so complex 
that this recommendation may be 
very difficult to implement, Most 
such programs have been developed 
through political processes that sel¬ 
dom come to an end with the publi¬ 
cation of another government re¬ 
port. 
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1977). Nevertheless, the full respon¬ 
sibility for development cannot be 
placed on the federal system alone. 
These are affluent times; people are 
investing in second homes. Federal 
programs, such as flood insurance, 
disaster relief, tax shelters, and sup¬ 
port for water systems and utilities, 
clearly minimize the risk to individ¬ 
uals. On the other hand, many of the 
barrier islands were well on the way 
toward development before these 
programs were initiated, and most 
people who live on the islands know 
they are living on dynamic land¬ 
scapes. 


Weather systems hundreds of kilo¬ 
meters across can cause hazards along 
thousands of kilometers of coast. The. 
dilemma of risk assessment is that the 
differences in the hazards between 
Cape Hatteras and Miami may be 
smaller than those between Wild¬ 
wood, NJ, and the neighboring town 
of Cape May. Large-scale systems 
provide the energy for the potential 
hazard, but the regional-scale orga¬ 
nization of coastal processes brings 
about significant spatial differ¬ 
ences. 

Time has not changed the problems 
and hazards of developing barrier 
islands. The dangers from hurricanes 


and severe winter storms are as great 
today as they were for the first set¬ 
tlers, and, considering the erosion 
trend and the large number of people 
that now live on many of the barrier 
islands, the risk may be even 
greater. 

The danger to life on barrier islands 
during great storms is largely miti¬ 
gated by NOAA’s early warning pro¬ 
gram, careful planning, and prudent 
behavior. The risk to property is to a 
great degree alleviated by a wide 
range of federal disaster assistance 
programs and flood insurance. Thus 
the taxpayers ultimately bear most of 
the cost in reducing the financial and 
physical risks of individuals who live 
on barrier islands. 
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Richard k. Bambach Before Pangea: The Geographies of 

Alfred'M h Zie R gie S r COteSe the Paleozoic World 

Pre-Pangean configurations of continents and 
oceans can be reconstructed according to our 
knowledge of geologic processes still operating in the 
modern world 


Although the earth is known to he 
4,600 million years old, most of our 
geologic information is from rocks 
formed in the last 570 million years, 
the time during which organisms have 
left a good fossil record. This span is 
subdivided into the traditional 
geologic time scale (Fig. 1). During 
this time, life colonized the land, the 
vast majority of deposits of fossil fuels 
accumulated, and all of the present 
mountain ranges of the earth formed. 
While this was going on, continental 
drift—a result of plate-tectonic pro¬ 
cesses—caused the geography of the 
earth to change constantly. 

The paleogeographic history of the 
last 240 million years, the Mesozoic 
and Cenozoic eras, is well understood, 
because this part of the geologic rec¬ 
ord is relatively well preserved and 
the pattern of dated magnetic rever¬ 
sal stripes on the ocean floor allows us 
to reposition the continents as they 
were during this interval, Recon¬ 
structions of continental positions by 
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Figure 1. Geologic time. (White blocks repre¬ 
sent time spanned by the Indicated map.) 



Dietz and Holden (1970a,b), Van der 
Voo and French (1974), and Smith 
and Briden (1977) show that about 
240 million years ago the present 
continental blocks were grouped to¬ 
gether into a “supercontinent” called 
Pangea. The most recent quarter 
billion years of geologic time has seen 
the breakup of Pangea, the formation 
of the “new” Atlantic and Indian 
Ocean basins, and the collision of 
some of the fragments of Pangea to 
form the Afro-Eurasian landmass, the 
nucleus of a new supercontinent. 
These events have been documented 
by data collected by projects such as 
the Deep Sea Drilling Project 
(Nierenberg 1978). 

But because no pre-Pangean geo¬ 
graphic relationships are preserved, 
the positions and paleogeography of 
the continents in the preceding 330 
million years, the Paleozoic Era, is 
much more difficult to determine. 
The pioneering effort at mapping the 
positions of continental blocks in the 
Paleozoic was a set of four maps by 
Smith, Briden, and Drewry (1973), 
based solely on paleomagnetic infor¬ 
mation. The first reconstructions 
utilizing paleoclimatic and tectonic 
information combined with paleo¬ 
magnetic data were presented in a 
study of the Silurian by Ziegler, 
Hansen, and others U977) and an¬ 
other covering times from the start of 
the Paleozoic to the Cenozoic pre¬ 
pared in the Soviet Union (Zonen- 
shayn and Gorodnitskiy 1977a,b). 
These maps identified most of the 
separate paleocontinents of the 
Paleozoic and proposed a logical, 
consistent sequence for Paleozoic 
plate motions. 

The emerging pattern of geographic 
change during the Paleozoic allows us 
to return to a uniformitarian view of 
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Figure 2. The modern location of Paleozoic continental pieces 


earth history. No longer do we need to movements of the continents them- continents in their correct orienta 
invoke improbable concepts of bor- selves, by geologic processes still op- tions, compiling data indicative of 
derlands, land bridges, and worldwide erating today, geographic and climatologic features, 

shifts in climatic equilibrium to ex- _ and interpreting the distribution of 

plain the seemingly odd locations in Making paleogeographic environmental conditions on _ each 
the modern world of ancient salt de- reconstructions paleocontinent. The interpretation of 

posits, coral reefs, and evidence of k k Paleozoic geography requires syn 

glaciation or the widely scattered oc- Reconstructions of the changing thesis of data derived from many 
currence of similar fossil flora and Paleozoic world are made by identi- fields of geology. Paleomagnetism has 
fauna.; Rather, we can understand tying areas that acted as separate served as the cornerstone of this work 
how these features are the result of continents, positioning these paleo- (McElhinney 1973), but paleoclima 
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Figure 3, Idealized model of climatic conditions as a function of latitude and geographic configuration 
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Figure 4. Generalized geography of the modern world 


Figure 5. Late Cambrian (550-540 million years ago) 


tic, paleobiogeographic, and tectonic zoic that collided to form Pangea were 
data are also vital in compiling de- not the same as the continents that 
tailed reconstructions. Our methods formed as Pangea split apart during 
and details of the results have been the Mesozoic or as those which exist 
presented in a series of recent papers today. Identifying ancient continents 
(Ziegler, Hansen, et al. 1977; Ziegler requires the recognition of features 
et al 1977,1979; Scotese et al, 1979), that mark the outlines or margins of 

in which the basic data for the fol- these paleocontinents. A major 

lowing reconstructions were pre¬ 
sented. 

Geography changes constantly. If too Le 9 er, d for Figures 4-15 
great a period is covered by a single Mountains 

reconstruction, the geographic con- cm Lowlands 

ditions will be represented by too | ' | shallow sea 

broad an average to give a clear pic- [ | Deep S0a 

tyre of actoal condiiions at any par- ^ Evapor|te minerals 
bcula. time. The 12 geologic periods (Moating ho t, dry 

shown m Figure 1 are too long to be conditions) 

summarized by general recount™- M Coala (indioating mrn 

tions. These periods, however, are _humid conditions) 

divisible into 75 stages, a stage cor- | | Glacial deposits 

responding to the smallest subdivi¬ 
sion of time-equivalent rocks recog- Outlines of the modern 

nized worldwide. Each stage lasted continents are shown in black. 

from 5 to 15 million years, and since ————__ 

plates move at a rate of 2-8 cm/yr, 
changes in the relative and absolute 

positions of the continental blocks achievement of plate-tectonic theory 
during such time spans are contained has been the definition of criteria for 
enough to be realistically summa- recognizing these ancient continental 
rized. A stage is thus a useful basis for boundaries (Mitchell and Reading 
a single reconstruction, though 1969; Dewey and Bird 1970; Dicken- 
shorehne positions and the extent of son 1970; Burk and Drake 1974; 
glaciation shown are still averages of Burke et al, 1977). The torn and rifted 
changing conditions within a stage, margins of once-associated continents 
are represented by certain geologic 
The continental blocks of the Paleo- features, especially belts of basaltic 


igneous rocks associated with elon* small microcontments 

gate basins bordered by normal modern New Zealand, Baltica was 

faults. Other features, especially belts composed of Russia west of the Ural 

of andesitic igneous rock and moun- ; Mountains, Scandinavia, Poland, and 

tain belts with strongly folded rocks, northern Germany. Siberia from the 

represent the deformed margins of Urals east to the Verkhoyanski 

continental blocks under which oce- Mountains was a separate continent 

anic crust was subducted as lithos- in the Paleozoic. Its southern margin 

pheric plates moved together. Where crossed Asia north of present Ka- 

such belts cross a continent, such as zakhstan and south of Mongolia, 

the Ural Mountains in Eurasia, two Kazakhstania was a triangular con- 

former continents appear to have tinent centered on what is now Ka- 

collided and been sutured together. zakhstan, with one part extending up 
between the Urals and southwestern 
We recognize six major paleocontin- ; Siberia and another part extending 

ents during various parts of the east between the Altai on the north 

Paleozoic: Gondwana, Laurentia, and the Tien Shan Mountains on the 

Baltica, Siberia, Kazakhstania, and : south. China is a complex area that 

China. Figure 2 shows the parts of the may have been subdivided into more 

modern continents that belonged to than one block at times in the Paleo- 

each of these paleocontinents and zoic, but there are general similarities 

areas of the present continental crust which imply that the pieces were not 

that have accreted to the margins of widely separated. For now, we treat 

the continents during Paleozoic, all of southeast Asia, including China, 

Mesozoic, and Cenozoic times. Indochina, and part of Thailand and 

the Malay Peninsula, as a single 
Gondwana was a supercontinent continent, 
composed of what are now South 

America, Florida, Africa, Antarctica* Positioning the continents is at the 

Australia, India, Tibet, Iran, Saudi heart of any reconstruction of world 

Arabia, Turkey, and southern Eu- * paleogeography. Assigning correct 

rope. Laurentia comprised most of T. positions to paleocontinents involves 

modern North America and Green- i both the latitude-longitude location 

land, with the addition of Scotland V: and the orientation of the continents 

and the Chukotski Peninsula of the T relative to the appropriate paleonorth 

eastern USSR, The missing parts of direction. We believe, for instance, 

eastern North America were either that in the Silurian period Siberia was 

part of Gondwana or associated with ; { centered at about lat. 30° north and 


was rotated 180° from its modern though it is not possible to assign 
orientation, so that its present Arctic absolute longitude (relative to the 
coast faced south. prime meridian) in the Paleozoic, the 

whole interval is bracketed by times 
Paleomagnetic information is the when relative longitude can be de- 
basis for all continental positioning, termined within narrow limits. At the 
Paleomagnetism provides direct time of our earliest reconstruction, in 
quantitative evidence for both lati- the Late Cambrian, all the continents 
tude and the north-south orientation except Baltica and China straddled 
of the paleocontinents. Although the the equator (see Fig. 5) and, with their 

magnetic poles may stray from the surrounding oceans, occupied much 
rotational poles, the earth’s magnetic of the space available in the equate 
field has a north-south polarity and rial belt. Since their relative order in 
maintains an alignment that over sequence around the globe is clear 
geologic time on the average parallels from biogeographic evidence, space 
the rotational axis. The lines of mag- constraints alone fix their longitudi- 
netic force also vary in their inclina- nal positions within rather narrow 
tion to the earth’s surface as a func- limits, 
tion of latitude, being vertical at the 

magnetic poles and parallel to the At the end of the Paleozoic (Fig. 14) , 
surface at the equator. The remnant most of the continental blocks wen? 
magnetism of adequately preserved grouped together in the superconti- 
rock samples indicates the azimuth Pent of Pangea. The spatial fit of the 
direction to the north (or south) continents at this time tells us their 
magnetic pole and the latitude of the relative longitudes quite precisely, 
rock at the time the magnetism was Thus, with the endpoints of the 
imposed. Thus, from oriented sam- Paleozoic well defined, we can follow 
pies we can determine the latitude a regular pattern of plate motion as 
and orientation of continental blocks the plates, bearing the separate com 
for times in the past. Paleoclimatic tinents which ringed the equator .in 
indicators serve as independent the Cambrian, shifted and brought 
checks on latitude and as guides to the continental blocks together to 
latitude when paleomagnetic infor- form the pole-to-pole mass of P angea 
mation is not available. by the Permian. 

Longitudes are determined by inte- The final task in preparing paleo 
grating biogeographic relationships geographic reconstructions is inter 
and plate-motion constraints. Al- preting the geographic features and 
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Figure 6. Middle Ordovician (490-475 million years ago) 



distribution of environmental con- Sands and coarser-grained detrital derived detrital sediments. Sands and 
ditions on the continental blocks. In sediments arc deposited in high- muds, for example, are present along 
our reconstructions we identify re- energy environments such as stream both the Atlantic and Gulf coasts of 
gions that were highlands and channels and along beaches, while modern North America where rivers 
mountains, lowlands and floodplains, fine-grained sediments such as clays bring them to the shore, but in the 
coastal areas, shallow and deep ma- and muds accumulate in low-energy Florida Keys and the Bahamas— 
rine platforms, and submarine-slope environments such as floodplains, areas far removed from sources of 
and deep-sea environments. Envi- lagoons, and deep offshore marine detrital sediments—limestones are 
ronmental conditions are interpreted environments. Limestones typify accumulating from the skeletal se- 
from the processes known to have warm, shallow marine conditions at cretions of abundant marine life, 
formed particular types of rocks. some distance from a source of land* Fossils help differentiate terrestrial. 


Figure 8. Middle Silurian (435-430 million years ago) 


freshwater, and marine deposits, as 
do suites of sedimentary structures 
unique to particular depositional 
settings. 

Some sediments reflect climatic 
conditions. Detrital sediments are 
indicative of humid environments. 
Coals formed in freshwater swamps 
where temperature and rainfall were 
both adequate for abundant plant 


growth. Hot, dry shorelines and pro¬ 
tected basins along coasts in desert 
regions are the sites for deposition of 
salts and other evaporite minerals 
from brines left by evaporating sea¬ 
water or playa lakes. In cold envi¬ 
ronments, glaciers leave distinctive 
deposits, called tillites, with features 
imposed by ice flow and the peculiar 
conditions of freezing and thawing at 
the melting edges of the ice. In areas 


where nutrients from deep water are 
supplied in abundance to surface 
waters, such as zones of coastal up* 
welling, the sediments may include 
cherts, phosphorites, or deposits rich 
in organic material, the result of high 
biologic productivity. 

Geographic features can also be in¬ 
ferred from the type and structure of 
rock bodies. Delta complexes and 





deep-sea fans have typical internal 
features and distinctive three-di¬ 
mensional forms. Belts of folded and 
thrust-faulted strata associated with 
metamorphic rocks and igneous in¬ 
trusions represent areas that were 
mountain ranges at the time the de¬ 
formation and metamorphism oc¬ 
curred, even if they are eroded to 
lowlands today. Andesitic igneous 
rocks were erupted along continental 
margins where subduction of oceanic 
crust occurred, as is happening 
in western South America and in 
the Aleutians today. Basalts were 
erupted and normal fault basins 
developed where rifting, associated 
with seafloor spreading, started, as in 
the modern African rift valleys or in 
Iceland. 

The distribution of environments on 
the modern earth is related to the 
systematic arrangement of topo¬ 
graphic features associated with 
plate-tectonic processes and to the 
climatic belts produced by atmo¬ 
spheric and oceanic circulation. These 
patterns are not random now, and 
they weren’t in the past. The circu¬ 
lation of the atmosphere and oceans 
is an unchanging geophysical system 
produced by heat-transfer activities 
on a rotating earth as it is warmed by 
the sun. Despite the changes in ge¬ 
ography over geologic time, some of 
which have produced local anomalies, 
the general climatic pattern of the 
earth is fixed over time. The present 
earth serves very well as the basis for 
a general model of global climate 
structure. 

The modern world as a 
model 

The sun is a stable main-sequence 
star and probably has not altered its 
intensity of radiation very much in 
the last billion years. The earth has 
always been spherical and has orbited 
at the same distance from the sun, 
Therefore the heat budget of the 
earth, with excess heating in the 
equatorial region, heat transfer by 
atmospheric and oceanic circulation 
toward the poles, and cooling in the 
polar regions, can be regarded as 
fixed. Although the earth’s rotation 
has been slowed somewhat by tidal 
friction, it has not decreased by more 
than about 15% in the last half billion 
years. This means that the Coriolis 
effect, which deflects motions to the 
right in the Northern Hemisphere 
and to the left in the Southern 


Hemisphere, has remained nearly prevailing easterly winds, but it is 
constant. narrow on the western sides, confined 

to the narrow zone of intense heating 
The influence of the Coriolis effect i m where surface air is rising and losing • 
the airflow generated by heating and moisture. The arid belts rise in lati- 
cooling of the earth’s surface creates tude across the continents from west 
a latitudinally zoned pattern of at- to east. They, extend closer to the 
mospheric circulation (Strahler and equator in the belts of easterly winds 
Strahler 1978). The equatorial belt is on the rain-starved western sides of 
characterized by hot, humid condi- continents and extend poleward in 
tions with irregular surface winds, the midlatitude regions of prevailing 
because the heated air is primarily westerly winds on their similarly 
expanding and rising rather than rain-starved eastern sides. As with the 
moving in a particular direction. Dry wet eastern sides of continents in the 
air, cooling and contracting in the tropics, the wet belts in temperate 
upper atmosphere, sinks toward the latitudes are much broader on the 
surface of the earth at about lats. 30° windward, west-facing margins of, 
north and south of the equator (the continents, 
horse latitudes), causing dry climates 

with irregular surface winds, The In the modern world these features 
sinking air flows out from this belt are seen in the extensive arid belt 
both toward the equator and toward which rises from low latitudes of the 
the poles. The surface flow toward the Sahara in eastern Africa to the high- 
equator is deflected by the Coriolis latitude Gobi desert of western Asia, 
effect into strong prevailing easterly The humid regions of southeast Asia 
winds (the trade winds). The surface (Indochina, Burma, south China) are 
flow of air poleward is also deflected at the same latitude as the Sahara in 
by the Coriolis effect and becomes the the trade-wind belt (of easterlies), 
prevailing westerly winds of the while Prance and Austria are at the 
temperate belts at lats, 40°~50° north same latitude as the Gobi Desert in, : 
and south of the equator, the belt of prevailing westerlies. In 

the Southern Hemisphere, the Ata- 
In the polar regions cooling causes the cama Desert extends equatorward on 

air to contract and sink. This cold the west coast of South America into 

polar air flows as surface winds latitudes occupied by the Amazon 

toward the equator, and these winds rain forest to the east, and the south 

are deflected by the Coriolis effect Chile rainy zone is at the same lati- 

into easterly winds in high latitudes, tude as the dry Argentinian pampas. 

The polar front, where the equator- The Andes create intense contrasts 

ially trending polar air intersects the even across the narrow South Amer- . 

poleward flow of temperate air, is a ican continent because of the rain , 

region of high precipitation. The shadow caused by their height. 

23.5% tilt of the earth’s rotational axis 

generates the seasonal fluctuations in The distribution of features in the 

climate as the earth orbits the sun. modern world serves as a model for 

These fluctuations are most pro- understanding climate patterns in the 

nounced in the high temperate lati- past. Because so many features of 

tudes, where the polar front shifts sedimentary rocks reflect climatic 

back and forth, causing seasonal influence, we can map major climatic 

temperature changes from below features on paleogeographic recon- 

freezing to above. structions. And the fact that climatic 

systems are predictable from their 
The interaction of this regular pat- modern distribution means, as we 
tern of atmospheric circulation with have said, that we can use paleodi- 
the land-sea distribution (geography) malic data to cross-check paleomag- 
of the earth produces a climatic re- netic determinations of latitude, 

gime that is also regular but does not Paleoclimatic features also provide 

consist of simple latitudinal belts, latitudinal information about regions 

Except for locations very near the and times for which paleomagnelic 
equator or at extremely high lati- data are not available, 
tudes, most continents have quite 
different climates on opposite coasts TU p Paleozoic world 
at the same latitude (Fig. 3). The 

tropical humid zone widens toward Figures 5,6,7,8,10,11,12, and 14 are 
the eastern sides of continents, where reconstructions of world paleogeo- 
moisture is brought from the ocean by graphy at seven times during the 



Paleozoic. These reconstructions 
show the evolution of the Paleozoic 
world from the Late Cambrian 
through the Late Permian. We have 
used a Mollweide projection, which is 
an equal-area projection that avoids 
the excessive area expansion in higher 
latitudes of the familiar Mercator 
projection. Although there is angular 
distortion near the edge of the map at 
high latitudes, the Mollweide pro¬ 
jection also shows the entire earth’s 
surface, including the polar regions, 
which a Mercator projection cannot 
do. 

The pageant of geographic change 
through the Paleozoic is profound. 
None of the Paleozoic geographies is 
similar to that of our modern earth. In 
the modern world (Fig. 4) the conti¬ 
nents are grouped into three exten¬ 
sive north-south masses—the Amer¬ 
icas, Europe/Africa, and eastern Asia 
through Indonesia to Australia— 
which partly isolate three equatorially 
centered oceans—the Pacific, At¬ 
lantic, and Indian oceans. The mod¬ 
ern continents are mostly emergent, 
with only narrow continental shelves 
flooded by shallow seas. There are 
close connections between almost all 
the continents surrounding the North 
Pole, and the small Arctic Ocean is 
virtually landlocked by the belt of 
high-latitude land extending from 
Greenland across northern North 
America and Siberia to Scandinavia. 


Antarctica covers the South Pole. 
Extensive high mountain belts are 
characteristic, most prominently the 
Alps-Caucasus-Himalayas system, 
extending across the Eurasian su¬ 
percontinent, and the Andes-Rocky 
Mountains system, extending from 
Tierra del Fuego to Alaska in the 
Americas. Areas forming climatically 
sensitive sediments today are shown 
on the reconstruction for correlation 
with modern climate distribution and 
for comparison with the distribution 
of ancient deposits. 

The ancient Late Cambrian world 
(Fig. 5) contrasts sharply with the 
world of today. In the Late Cambrian 
the continents of the Paleozoic were 
isolated from each other and dis¬ 
persed around the globe in low trop¬ 
ical latitudes. The ocean basins were 
extensively interconnected and the 
polar regions were occupied by broad 
open oceans. There was no land above 
lats. 60° north or south. Shallow seas 
had transgressed onto the low-lying 
continental platforms earlier in the 
Cambrian period and covered large 
areas of Laurentia, Baltica, Siberia, 
Kazakhstania, and China in the 
middle Late Cambrian. The major 
highlands were in northeastern 
Gondwana (Australia and Antarctica 
today), eastern Siberia; and central 
Kazakhstania. Erosion had reduced 
the topography of Laurentia and 
Baltica to low levels. 


During the Ordovician (Fig. 6) and 
Silurian (Fig. 8) Gondwana moved 
southward from its Late Cambrian 
position on the equator halfway 
around the globe from Siberia to a 
position straddling the South Polo, 
This change can be followed by com 
paring the latitude of Gondwana in 
Figures 5,7, and 9. The oldest record 
of glaciation in the Paleozoic era is ot 
Late Ordovician age in what is now 
the Sahara Desert: tillites were do 
posited at the time that this part of 
Gondwana was actually crossing tho 
South Pole. 

During the movement of the plain 
containing Gondwana, Baltica also 
shifted position along a parallel path 
from the Cambrian to the Silurian. 
The two paleocontinents may haw 
been located on one lithospheric 
plate, Siberia also shifted from 
equatorial to north temperate lat i 
tudes during the early Paleozoic. 

These movements were marked by 
mountain building along the eastern 
margin of Laurentia (the Taconk 
orogeny) in the middle and late Or¬ 
dovician and later mountain buildup 
in western Baltica during the Silurian 
(the Caledonian orogeny), as the 
ocean between Laurentia and Balt it' 1 
closed. Shallow seas were widespread 
on the continents throughout most o! 
the Ordovician and Silurian. Clitnat: 
zonation is detectable in the disl tt 

1980 January-Februun 


32 American Scientist, Volume 68 









Figure 11. Middle Early Carboniferous (360-340 million years ago) 


bution of evaporite deposits, which brian had been displaced to middle recoils!ructions (Figs, 11 and 12) 
are concentrated between lats. 15° southern latitudes by the shifts of show that (londwana continued to 
and 30° north and south, as in the Gondwana, Baltics, and Siberia and move across the South Pole and en- 
modern world. had become a partly enclosed basin lured the same hemisphere as Laur* 

between Baltics, Kazakhstania, and ussia, dosing the ocean between 
Frigid polar climates are not detect- Gondwana. This was the start of the them, Their collision in the Late 
able in the Cambrian or most of the development of the Tethys Sea, a re- Carboniferi ms resulted in the Her* 
Ordovician. This may be because the gion characterized by distinctive cynian orogeny, which extended 
open polar oceans of these times were marine faunas throughout the Late across central Europe, and the Al- 
always warmed by oceanic circula- Paleozoic and Mesozoic, leghenian orogeny in eastern North 

tion, or it may simply be that the lack America. Baltic;! had begun colliding 

of polar land prevented preservation By the Early Devonian (Fig. 10), with Laurcntia in the Silurian and 
of a geologic record of polar climates. Laurentia and Baltics had collided to Devonian nt a location relative to 
As mentioned above, the first land form a larger continent, Laurussia. Laurent ia fur to the south of the po- 
areas to enter polar latitudes, the The collision began in the Late Bilu* sitioii it nmipied Inter. Repositioning 
North African portion of Gondwana, rian with the Caledonian orogeny in took place in the Carboniferous, 
was glaciated in the Late Ordovician, northwestern Baltics. Mountain, during the collision between Laur* 
Marine faunas of relatively low diver- building continued into the Devonian ussia and (hmdwana, when what had 
sity—-and therefore probably from as the Acadian orogeny in eastern been Bnlibi was displaced northward 
temperate climates—are known from Laurentia. These uplands along t lie along a scries of f aults extending from' 
the higher south latitude areas of suture between the formerly separate coastal New England, across New* 
Gondwana in the Ordovician and Si- paleocontinents were located in the lmimlland, and through Scotland 
lurian, and a distinctive low-diversity equatorial belt, and large volumes of along i he zone <>f weakness at the 
fauna is found in the Silurian along detrital sediments were eroded from original suture, 
the margin of Siberia, which first them. Nonmarine fluvial sediments 

moved as far north as lat. 40° north, covered large parts of eastern North From the Silurian through the Car- 
America (the “Catskill Delta”) and boniferuus, Siberia moved to high 
Major reorganization of world geog- northern Europe; these sediments latit udes and Kazakhstan^ and 
raphy is apparent by the Silurian, were deeply weathered and are China moved westward. By the Late 
The shift southward of Gondwana stained red from iron oxides- hence Carboniferous, Kazakhstania and 
from its Cambrian position had the name Old Red Sandstone in Great Siberia had collided and all the 
opened the former North Polar ocean Britain. Although land plants had paleocontinentH were clustered ' 
basin until it not only circled the begun to evolve in the Silurian, it is in tightly as Pangea began to take shape 
world at high northern latitudes but these tropical nonmarine Devonian (Fig. 13), Mountain belts extended 
extended in an unbroken expanse deposits that abundant larger fossil along the suture between Laurussia 
southward across the equator to high land plants first appear. and Gondwana (the southern Appa- 

southern latitudes. The former South Wan and Hercynian belts) and 

Polar ocean basin of the Late Cam- The Early and Late Carboniferous along the reactivated suture where 
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Figure 12. Middle Late Carboniferous (310-300 million years ago) 


Balticasheared northward relative to The distribution of climatically in- The large volume of both detrital 
Laurentia (the northern Appala- dicative deposits in the Late Car- sediments and plant remains testifies 
chian-Caledonide belt). Mountain boniferous (Fig. 12) reconstruction is to the high rainfall in this tropical 
systems marking subductionzones particularly interesting. The great belt. Plant fossils in the coals do nut 
also developed during the Carbonif- coal reserves of eastern North Amer- show strong seasonal growth rin gs, 
erous on the eastern side of Baltica, as ica, western Europe, and the Donetz which implies that they grew under 
the ocean between Baltica and Ka- Basin of the USSR lie in the equato- constantly warm rather than tern- 
zakhstania-Siberia was closing, and rial zone. The coal swamps developed perate seasonal conditions. The belt 
in the. Mongolian portion of Siberia, on marshy delta platforms built by of tropical coals is narrow m the west 
as the ocean between Siberia and rivers bringing detrital sediments and broadens to the east, as predicted 
China also closed, from the adjacent mountain ranges, by the climate models (see Fig. 3). 



13. Middle Late Carboniferous, North and South Polar projections 
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Figure 14. Early Late Permian (260-250 million years ago) 


Evaporite deposits, indicative of low 
rainfall, occur in far western Laur- 
ussia at low latitudes and farther east 
between lats. 15° and 30° north and 
in a belt in Gondwana between lats. 
20° and 30° south, again as expected 
from the climatic model. In the north 
temperate belt (lats. 40°-60° north) 
extensive detrital sediments and coals 
in Siberia and China indicate abun¬ 
dant rainfall. The seasonal nature of 


the climate of this belt is indicated by 
well-developed growth rings in plant 
fossils from Siberia. Seasonal growth 
rings, imposed by interruption of 
growth during cold winter months, 
are also found in plant fossils of.both 
Carboniferous and Permian age from 
the south temperate latitudes of 
Gondwana. 

Glaciation is recorded by widespread 


tillites in southern Gondwana. Ice 
sheets were present above lat. 60° 
south from the Early Carboniferous 
into the Early Permian. At their most 
extensive they flowed equatorward as 
far as the middle temperate latitudes, 
just as the Pleistocene glaciers flowed 
south from the Arctic regions of 
North America and Europe less than 
100,000 years ago. The fact that the 
Carboniferous glacial deposits are 



Figure 15. Early Late Permian, view of earth rotated 180° from fhe view in Figure 14 
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now found on continents scattered 
across half the earth’s surface (from 
South America through southern 
Africa to Antarctica and India) was 
one of the strongest intimations of 
continental drift before the theory of 
plate tectonics. 

Pangea was nearly assembled by the 
Late Permian (Fig. 14). It is worth 
noting, however, that a Pangea con¬ 
taining all continental blocks proba¬ 
bly never formed completely. In 
eastern Gondwana during the Per¬ 
mian, rifting had begun that pulled 
Tibet, Iran, and Turkey away from 
the Tethyan margin of Gondwana as 
a separate, isolated block or blocks 
before China collided with the Mon¬ 
golian region of the former Siberian 
block in the Triassic. 

The effects of continental collision 
reach far beyond the simple suturing 
together of two formerly separate 
continental blocks. Collision deforms 
rocks through the entire thickness of 
the lithosphere along the colliding 
margins of the plates. The resulting 
folding and thrust faulting cause the 
rocks to “pile up” on themselves, thus 
thickening the continental crust in 
the zone of collision. Because lighter 
continental crust is buoyed up on the 
denser mantle, these belts of thick¬ 
ened, deformed continental crust 
form uplifted mountain belts. 

And because the same mass of crustal 
material as formerly existed in un¬ 
deformed, thinner crust is packed 
into these thickened belts, the area 
covered by continental crust is de¬ 
creased during collision, just as the 
area covered by a rug is less if it is 
crumpled up against a wall rather 
than spread flat on a floor. The de¬ 
crease in continental crustal area 
during collision is taken up by an in¬ 
crease in the area of the ocean basins, 
with a concomitant increase in their 
volume. This can cause a general 
lowering of sea level in relation to the 
continents, as shallow seas flooding 
continental platforms drain into the 
enlarging ocean basins. 

The series of continental collisions 
through the late Paleozoic (Devo- 
nian-Permian) formed extensive 
mountain belts and decreased the 
total area of continental crust. As a 
result of this process and possibly also 
because of changes in the volume of 
mid-ocean ridges at the spreading 
centers, sea level was effectively 


lowered and most of the shallow seas 
that had flooded the low continental 
platforms through much of the Pale¬ 
ozoic were drained. The larger areas 
of exposed land contributed to in¬ 
creased climatic severity. 

Permian terrestrial sediments indic¬ 
ative of arid and semiarid conditions 
were widespread. The mountains in 
the tightly sutured region between 
Laurussia and Gondwana were high 
enough to disrupt the subtropical 
easterly winds and create an intense 
rain shadow even in tropical latitudes, 
much as the Andes do in western 
South America today. Evaporites of 
Permian age extend to what was the 
equator in western Laurussia. Desert 
conditions also extended north of lat. 
40° in eastern Laurussia on the side 
of the continent downwind from the 
westerly winds, just as deserts extend 
northward in eastern Asia today. 

The clustering of the continents into 
Pangea had an extraordinary geo¬ 
graphic consequence. An enormous 
single interconnected ocean devel¬ 
oped (Fig. 15). This “world ocean,” 
sometimes called Panthalassa, not 
only spanned the globe from pole to 
pole but extended for 300° of longi¬ 
tude at the equator, twice the dis¬ 
tance from the Philippine Islands to 
South America across the modern 
Pacific. Circulation in this giant ocean 
had to have a major impact on Per¬ 
mian climates. For example, the 
equatorial currents driven by the 
trade winds flowed uninterrupted 
around five-sixths of the circumfer¬ 
ence of the earth. The east-facing 
(Tethyan) coast of Pangea, against 
which these currents impinged, must 
have been extremely warm. Ancient 
“Gulf Streams” would have circulated 
these warm waters into higher lati¬ 
tudes, causing an especially strong 
climatic asymmetry between eastern 
and western Pangea. The P ermian 
was indeed a time of geographic ex¬ 
tremes. 

Paleogeography and 
geologic history 

The old dictum “the present is the 
key to the past” has a rather specific 
meaning for geologic history. The 
processes of geology, including plate 
tectonics, have probably operated 
much as we observe them today over 
long spans of geologic time, and this 
is certainly the case if we accept rea¬ 
sonable variation in their rates. But 


although geographic features have 1 
always reflected the operation of 
processes and systems we observe 
today, the order of geographic change 
is a unique historical sequence. Thus 
the present is the key to under¬ 
standing past processes, but it is not 
the key to describing past configura¬ 
tions. 

Because plate-tectonic processes op¬ 
erate constantly, there has been no 
stable or even average geography of 
the earth during the past half billion 
years. Paleogeography changed con¬ 
tinuously, passing from one extreme 
configuration through a series of in¬ 
termediates to a different extreme, as 
illustrated by these maps, and then 
changing still further. The geogra 
phies of the Cambrian, Permian, and 
the present are simply single steps in 
this dynamic pattern. 

The Cambrian, with its isolated, 
equatorially distributed continents 
and two polar but interconnected 
oceans, was totally unlike the Per¬ 
mian, with its single concentration of 
continents stretching from pole to 
pole and its immense, equatorially 
centered Panthalassic Ocean. The 
widespread shallow seas that flooded 
continental platforms in the Early 
Paleozoic contrast with the large 
proportion of exposed land in the 
Late Paleozoic, These two extremely 
different periods also differed totally 
from the modern world, which is the 
product of the breakup of Pangea into 
nearly interconnected north-south 
continental belts and large, semi- 
isolated ocean basins. 

The modern world, of course, is just 
another transient stage in geologic 
history. Sound—though broadly 
outlined—predictions on the future 
course of geographic change indicate 
that the Atlantic Ocean, which lm 
been opening for the past 150 million 
years as the Americas have been 
moving westward, will grow larger. 
The Atlantic coast of North America 
will probably develop into an Andean 
type of mountain system in the not 
too-distant geologic future. There k 
very little subduction in the Atlantic 
today, but it is likely to begin in the 
next 50 million years, especially in the 
relatively old western North At 
iantic. 

On the other side of our continent> 
Baja California and the part ^ m 
Southern California west of the Smt 
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Andreas Fault will continue on their 
present course of northwestward 
motion as part of the Pacific plate, 
California will not “fall into the sea,” 
but the part west of the San Andreas 
fault may become a New Zealand-like 
small continental island moving away 
from mainland North America in the 
next 50 to 100 million years. Across 
the Pacific Ocean, Australia, which 
has been moving northward away 
from Antarctica for the last 40 million 
years, will move north past Indochina 
and may collide with China, Japan, or 
far eastern Russia. The world’s largest 
ocean then will be the interconnected 
Indian-Antarctic-South Pacific. 

The historical development of our 
earth has followed a nonrepetitive 
path through time. The world of the 
Permian was a world alien to the one 
in which we live; the world of the 
Cambrian was equally alien, to the 
Permian as well as the present; and 
the world 100 million years from now 
will be alien to our present one. It is 
within this framework of changing 
geographies, with markedly different 
extreme configurations and long in¬ 
tervening transitions, that we must 
cast our ideas of geologic history, 
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Patrick v. Kirch Polynesian Prehistory: Cultural 
Adaptation in Island Ecosystems 

Oceanic islands serve as archaeological laboratories 
for studying the complex dialectic between human 
populations and their environments 


Among the principal thrusts of mod¬ 
ern archaeology is a concern with 
human paleoecology. As a salient 
component of the ecosystems he in¬ 
habits, man both responds to and 
modifies features of his environment. 
Thus, a knowledge of human cultural 
development presupposes some un¬ 
derstanding of the coevolution of 
human groups with their distinctive 
milieux. One excellent theater for the 
study of such coevolution is the oce¬ 
anic island. Loren Eiseley remarked 
that islands are apt by their seclusion 
to offer doorways to the unexpected; 
they are also exemplary microcosms 
for the analysis of ecological pro¬ 
cesses. Strewn over the oceanic vast¬ 
ness, islands are thoroughly self- 
contained and circumscribed eco¬ 
systems, which may serve as “para¬ 
digms for geographic entities ranging 
from tiny habitat patches, to conti¬ 
nents, or even the entire earth” 
(Simberloff 1974, p. 161). The intru¬ 
sion of a new plant or animal species, 
including man, is usually fraught with 
significant consequences both for the 
future evolutionary course of the 
colonizing population and for the 
dynamic equilibrium of the ecosys¬ 
tem as a whole. 
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The archaeological study of prehis¬ 
toric human populations in Polynesia 
thus promises to open doorways both 
to the nature of cultural adaptation 
and to the impact of man on natural 
ecosystems. Polynesia has special 
advantages as a region for the study 
of prehistoric culture process. With 
some fifty cultural Isolates distrib¬ 
uted among a range of islands yet all 
demonstrably derived from a single 
ancestral culture, Polynesia offers an 
exemplary case of cultural evolu¬ 
tionary divergence or adaptive ra¬ 
diation. The isolation of certain 
islands greatly diminished the po¬ 
tential for diffusion or subsequent 
contact effecting the course of cul¬ 
tural adaptation following initial 
colonization. The islands offer a 
multidimensional spectrum of envi¬ 
ronmental variation, with climates 
ranging from tropical to temperate 
and geographies from atolls to near- 
continents. And the Polynesian so¬ 
cieties represented a wide range of 
population sizes at the time of initial 
European contact, from a few hun¬ 
dred to several hundred thousand 
individuals (e.g. Anuta Island, 180 
persons; the Hawaiian Islands, ca, 
200,000 persons), and of population 
densities (Anuta 432/km 2 ; New Zea¬ 
land, ca, 2.5/km 2 ). 

Polynesian archaeology, a discipline 
barely three decades old, has made 
tremendous strides both in resolving 
the problem of Polynesian origins and 
in delineating the cultural sequences 
of all of the major islands and archi¬ 
pelagoes (Bellwood 1978). But al¬ 
though the region has also generated 
important research relating to such 
topical concerns as subsistence 
economies (Kirch 1979), settlement 
patterns (Green 1970), and lithic 
(stone) technology (McCoy 1977), the 
field is still dominated by elucidations 


of culture-historical sequences and 
reconstructions of historical scenarios 
(Clark and Terrell 1978), It seems 
both desirable and feasible to broad ¬ 
en our theoretical sights and under ¬ 
take the investigation of prehistoric 
Polynesian adaptations to island en¬ 
vironments, not only for the sake of 
what this may tell us about the region 
per se but with an eye to wider evo¬ 
lutionary and ecological implica¬ 
tions. 

Cultural adaptation and 
ecology 

The theoretical underpinning for 
such an ecological approach is the. 
concept of cultural adaptation (Ah 
land 1975; Bennett 1976; Kirch, in 
press). In essence, cultural adaptation 
means the selective retention of a set 
of behavioral strategies from a wider 
range of behavioral variation, The 
environment of a human population 
imposes a set of selective pressures to 
which the population must respond in 
order to maintain its adaptedness- 
that is, a viable existence. The factors 
of the environment that act as se¬ 
lecting agents can be classed as those 
of constraint, or limiting factors; 
grain, or spatiotemporal variability 
(for example, the frequency and 
magnitude of recurrent perturba¬ 
tions); and long-term directional 
change, whether natural or man- 
induced. All of these factors have the 
potential to induce a state of stress, in 
which existing behavioral strategies 
are no longer adequate and new and 
different strategies must be melded 
from the potential range of behavioral 
variation, which is otherwise selected 
against. 

Of course, unlike genetic evolution, 
cultural adaptation proceeds hy 
means of extrasomatic transmission 
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of adaptive information. This free¬ 
dom from copulation for the replica¬ 
tion of successful behaviors is at the 
core of the claim for man’s transcen¬ 
dence over his biological nature 
(Dobzhansky 1972). What is more, to 
an extent considerably greater than 
any other species, man actively 
manipulates his environment. A 
continuous dialectic is thus set up, in 
which the products of man’s manip¬ 
ulation become, rather quickly, the 
succeeding selective pressures to 
which he must respond anew. 

Four groups of variaoles can he sin¬ 
gled out as significant components in 
any model of cultural adaptation to 
environment: (1) population param¬ 
eters (size, growth rate, and density) 
of the human group; (2) environ¬ 
mental selection pressures (habitat 
and resources over time); (3) techno¬ 
logical developments; and (4) so¬ 
ciopolitical structures that organize 
and control both population and 
production. The paradigmatic value 
of island archaeology lies in the fact 
that the crucial interrelations among 
these variables are more readily ana¬ 
lyzed in circumscribed insular eco¬ 
systems. With Polynesian islands, not 
only can the ecosystem be sharply 
delineated, but the time frame for 
human occupation, the approximate 
size of the founding population, the 
nature of the prehuman environment, 
and the technological repertoire of 
the colonizers can all be established 
without complications inherent in 
continental situations. 

Several scholars (e.g. Terrell 1977a; 
Diamond 1977) have recently argued 
that archaeology may profitably draw 
upon general ecological models, such 
as those of population biology and the 
equilibrium theory of island biogeo¬ 
graphy, for the investigation of cul¬ 
tural response to environment. The 
cultural-adaptation paradigm in fact 
rather invites the integration of pre¬ 
history with evolutionary ecology. 
John Terrell and his colleagues are 
making a serious and promising at¬ 
tempt in this direction in Melanesian 
archaeology, under the rubric 
“human biogeography” (Terrell 
1977b). In this article, I will'take one 
theoretical construct from population 
biology, the r/X-selection continuum, 
and show its potential contribution to 
an integrated model of population, 
technology, and social control in re¬ 
sponse to environmental selection 
pressures. First, however, some 


background on the spatiotemporal 
framework of human dispersal and 
colonization of the central Pacific is 
called for. 

Time and space 

The vast geographical scale of Poly¬ 
nesian distribution impressed early 
European explorers and helped to 
touch off two centuries of intellectual 
debate on the “problem of Polynesian 
origins.” Stratigraphic archaeology, 
supported by the radiocarbon clock, 
has added the dimension of time to 
the problem. It was once generally 
believed, on the basis of serious eth¬ 
nographic comparisons, that the 
original Polynesians entered the Pa¬ 
cific after an exodus from Malaysia 
early in the Christian Era. We now 
know that the time scale for Austro- 
nesian man in the central Pacific ex¬ 
tends back at least six thousand years, 
and that Polynesia proper has been 
settled since ca. 1500 B.C. (The term 
Austronesian refers to the language 
family to which all modern Pacific 
languages belong, including those of 
Polynesia, Micronesia, Melanesia, 
Indonesia, and the Philippines, but 
excluding the Papuan languages of 
New Guinea.) 

The demonstration of this extended 
time scale has significant implica¬ 
tions, because it allows a much longer 
period for cultural adjustments than 
was previously supposed. Ingrained 
assumptions of large and rapid mi¬ 
grations must succumb to a realiza¬ 
tion that even the large Polynesian 
populations witnessed at the time of 
European contact (e.g, 200,000 for 
Hawaii in 1778) could, given the ex¬ 
tended time frame, easily have been 
achieved by founding groups of 10 or 
20 persons with intrinsic annual 
growth rates of 0.07 or less, In this 
light, the problem of Polynesian ori¬ 
gins can be recast as a study in the 
gradual dispersal to and colonization 
of increasingly remote islands. 

The initial eastward expansion of 
Austronesian-speaking man into the 
central Pacific has been convincingly 
correlated with a set of archaeological 
assemblages collectively designated 
the Lapita cultural complex (Green, 
in press). This archaeological com¬ 
plex-distinguished by, among other 
traits, a distinctive ceramic series— 
extends over a 3,000-km range, from 
New Britain through the Melanesian 
island arcs, to the Fiji-Tonga-Samoa 


triangle. A largo series of radiocarbon 
age determinations anchor this com¬ 
plex to a time frame from about 1 BOO 
to 500 lit’. Throughout much of this 
southwest Pacific region, and cer¬ 
tainly in the Fiji-Tonga-Samoa area, 
the Lapita cultural complex repre¬ 
sents the first human intrusion. The 
significance of the Lapita complex for 
Polynesia lies in the existence of 
continuous cultural sequences in the 
central Pacific triangle from Lapita to 
classic Polynesian material, which 
demonstrates that Polynesian culture 
is the product of local cultural change 
or evolution from a Lapita ancestor 
(Green 1979; Kirch 1978b), 

The west-to-east arc of Lapita dis¬ 
tribution (Fig. 1) coincides with a 
significant environmental and eco¬ 
logical cline, suggesting that a major 
impetus to the evolution of what we 
call Polynesian culture was provided 
by a set of oceanic environmental se¬ 
lection pressures encountered by 
Lapita colonizers as they gradually 
extended their distribution eastward. 
This west-to-east cline encompasses 
a trend toward reduced island size 
(and consequent reduction in habitat 
diversity as well as crowding of habi¬ 
tats into smaller areas), a geological 
transition from complex metavolcanic 
island arcs to simple oceanic islands 
(and consequent reduction in the 
variety of rock types available for 
stone tool production), and an in¬ 
creasing faunal and floral impoveri- 
Kfltion. Significantly, the first major 
water gap between largely intervisiblc 
island chains occurs between the New 
Hebrides and Fiji, which are about 
950 km apart. The founding Lapita 
colony in the Fiji-Tonga-Samoa 
triangle was thus effectively isolated 
from its forebears (a lesser water gap 
of about 350 km lies between Bar 
Cristobal and Santa Cruz in the 
eastern Solomons) , 

We may term Archaic Polynesian the 
culture that appears to have resulted, 
from a process of cultural adaptation 
to the truly oceanic conditions of the 
isolated Fiji-Tonga-Samoa triangle 
by a population of Austronesian- 
speakers belonging initially to the 
Lapita cultural complex. Archaic 
Polynesian culture may be thought of 
as an archaeological counterpart to 
the reconstructed proto-Polynesian 
language, ancestral to all modern 
Polynesian languages and dialects. 


Among the significant 
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undergone by this population, over 
the period from about 1500 B.C. to 
A.D. 300, were the gradual loss of a 
ceramic technology; a probable shift 
from economic systems employing 
trade or exchange as a means of ob¬ 
taining a range of materials to sys¬ 
tems centered on local resources only; 
elaboration of a sophisticated tech¬ 
nology for fishing and marine ex¬ 
ploitation; and the transferal of a 
lithic technology from a broad-based 
assortment of rock types to oceanic 
basalts and glasses only. The social or 
political adaptations that may have 
accompanied these technological 
shifts are at present still matters for 
speculation, but continued ar¬ 
chaeological work may provide some 
.firm bases for the generation of test- 

. able hypotheses. 

; The dispersal of Austronesian—and 
, by this time distinctly Polynesian— 
man to the more remote corners of 
the Pacific began, on present evi¬ 
dence, in the first few centuries of the 
Christian Era and was thoroughly 
accomplished by A.D. 1000. There can 
be little doubt that this final phase of 
man’s “conquest” of the Pacific was 
purposeful. Despite some disagree¬ 


ment as to the actual level of 
achievement of indigenous Polyne¬ 
sian navigational systems (Finney 
1977), the probabilities for discovery 
of such islands as Easter, Hawaii, or 
New Zealand by any means other 
than intentional voyages of discovery 
are such that we may rule out mere 
chance or accident in this final phase 
of Oceanic settlement. Indeed, “early 
islanders may have perceived the 
Pacific as a sea of islands.... People 
entering the Pacific from its western 
margins might well expect the seas to 
the east to be as island-studded as the 
margins they knew” (Levison et al. 
1973, p. 62), and they may have con¬ 
fidently sailed forth. 

What inducements there were for 
such eastward venturing we may 
never know, but the fact that the rel¬ 
atively small islands of Tonga and 
Samoa had been settled for more than 
a millennium before the further dis¬ 
persal of their population suggests 
that competition deriving from 
pressure on limited resources may 
well have been one such cause. And it 
may never be known “whether the 
spurs to wider and earlier migrations 
were associated not merely with 


population considerations, but with 
the insufficiency of adjustments itt 
some human ecosystems” (Yen 197*1, 
p. 75), a point to which we shall return 
shortly. 

Population dynamics 

During the past decade anthropolo¬ 
gists and prehistorians worldwide 
have increasingly included demo¬ 
graphic variables in their models of 
cultural process. Ranging from simple 
models with population pressure m 
proximate cause to more elaborate 
multivariate theories that deny pop¬ 
ulation a primary role (Flannery 
1972), most contemporary concept 
of culture change do impute real mg- 
nificance to population size, density, 
and growth rate. 

The issue has been complicated by 
the critical yet elusive concept uf 
carrying capacity—in this context, 
the number of humans a given envi¬ 
ronment can support under a given 
technology. Despite the recognition 
by population biologists and biogeo 
graphers of the central importance uf 
carrying capacity in their,theoretical 
formulations, the fact that it may in 
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reality be difficult to calculate actual 
carrying capacities for extant or ex¬ 
tinct human populations has led some 
anthropologists to reject the concept 
entirely. This surely is a case of 
throwing the baby out with the 
bathwater, for as Brookfield (1976) 
and Glassow (1978) have recently 
argued (and the evolutionary ecolo¬ 
gists have long realized), a concept of 
population thresholds is vital to a 
dynamic—and therefore realistic- 
theory of human ecology and cultural 
adaptation. 

Perhaps island archaeology can, again 
by virtue of the laboratorylike limi¬ 
tations on significant variables, de¬ 
velop a workable concept of carrying 
capacity that takes into account, with 
other variables, the role of techno¬ 
logical innovation. It was, in fact, a 
consideration of evolutionary changes 
following colonization by certain an¬ 
imal species of Oceanic islands that 
led MacArthur and Wilson (1967) to 
their important integration of popu¬ 
lation dynamics and carrying capacity 
in the so-called r- and /^-selection 
continuum. As Diamond (1977) has 
suggested, there is every reason to 
believe that r/K-selection theory will 
prove as useful a model for human 
prehistory as it has for animal and 
plant biogeography. 

The theory takes its terms from the 
well-known Verhulst-Pearl logistic 
difference equation that describes a 
sigmoidal population-growth curve: 

dN ,, lK -N\ 

dt " rW ( K ) 

Population size N is a function of the 
intrinsic rate of population increase 
r, constrained by the carrying capac¬ 
ity K, or resource threshold of the 
environment, Carrying capacity, of 
course, is not an absolute parameter 
of the environment, but is very much 
dependent upon the adaptive strate¬ 
gy of the population, In the case of 
human groups, this means, that 
carrying capacity is meaningful only 
with reference to a specified tech¬ 
nology: by modification of the pro¬ 
ductive system, it is often possible to 
raise a carrying capacity. 

Two extreme patterns of selection are 
idealized as r selection, in which a 
high intrinsic rate of population in¬ 
crease operates in the absence of 
substantial competition or other 
density-dependent effects, and K- 
selection, in which significant con- 
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straints damp r. Of course, as Pianka 
(1970,1974) and others have stressed, 
the real world is characterized by 
many shades of gray, and these two 
extremes are simply endpoints of a 
continuum. 

In general, we would expect the colo¬ 
nizing populations of the Polynesian 
islands to follow the r-selection pat¬ 
tern—with rapid population growth, 
generalizing and broad-based sub¬ 
sistence practices, and only weakly 
developed sociopolitical controls on 
production. In contrast, later popu¬ 
lations that have achieved high levels 
of density would be expected to follow 
K-selection patterns—conscious 
regulation of population growth, 
economic specialization, well-devel¬ 
oped sociopolitical controls on pro¬ 
duction, and intense competition. 
This shift from density-independent 
to density-dependent adaptations 
should take place both on individual 
islands and over whole archipela- 


One reason Polynesian prehistorians 
have been slow to deal with the 
problem of population growth lies 
quite simply in the difficulty of de¬ 
riving accurate population estimates 
from archaeological data. While there 
have been useful attempts at esti¬ 
mating total supportable populations 
for a given area under a given tech¬ 
nological regime (e.g. Bellwood 1972; 
Green 1973), dynamic reconstruc¬ 
tions of population growth over time 
are lacking. Fortunately, however, a 
shift in Polynesian archaeology from 
a narrow concentration on coastal 
sites rich in artifacts to an approach 
concerned with the total temporal 
and spatial range of sites over a 
landscape may provide the necessary 
data base for deriving measures of 
population size and growth rates. To 
be sure, the derivation of population 
estimates from archaeological data is 
a difficult task demanding caution, 
but it is by no means impossible, 

The island of Hawaii has in recent 
years been the subject of intensive 
archaeological research, including two 
studies explicitly addressed to the 
question of population growth 
(Hommon 1976 diss.; Cordy 1978 
diss.), A large sample of prehistoric 
sites have now been dated by the hy¬ 
dration-rind method of age determi¬ 
nation (see “Obsidian: The Dating 
Stone,” by Friedman and Trembour, 
Am. Sci„ Jan.-Feb. 1978, pp, 44- 


51)—which provides more, accurate: 
age estimates than the radiocarbon 
technique. With abundant ethno- 
historic and ethnographic data as 
controls, it is possible to correlate 
numbers of dated sites and the flo 
areas of sites with population size and 
to produce estimates of population! 
growth rate over time, 

The resulting curves are instructive 
in that they provide empirical vali 
dation for a logistic model of prehis 
toric population growth. It become! 
quite clear, for example, that popuj 
lation “saturation” was reached on 
the island of Hawaii at least two 
centuries prior to European contact; 
this is in contrast to previously held 
assumptions that Hawaiian popula¬ 
tion was still increasing exponential!! 
and began declining only after the 
exogenous inputs of Western disease! 
and other influences, No doubt, fur-; 
ther studies will be able to improve 
upon a simple logistic model, focusing 
upon oscillations in the curve. For thd 
moment, however, the demonstration 
in broad terms of a logistic process is 
significant, particularly in relation t| 
the r/K -selection continuum. 


The r/K-selection model predicts 
that the archaeological and ethno- 
historic evidence from Hawaii will 
show a number of phenomena which 
are indeed apparent. For colonizing 
expeditions, an r strategy of unregu¬ 
lated population growth would have 
been advantageous if not essential 
(Diamond 1977), and the Hawaiian 
data certainly suggest a high rate of 
growth during the first 600 years of 
settlement. An expected trend toward 
increased intensification of agricul¬ 
tural production beginning around 
A.D, 1300-1400 and culminating in 
the late 1600s to the early 1700s has 
been shown for the Lapakahi area of 
Hawaii. The evidence of large reli¬ 
gious structures and of comparatively 
large dwellings and mortuary facili¬ 
ties associated with high social rank 
indicates increasing social stratifica¬ 
tion—with presumed management 
and regulation of production—during 
the same period, The persistent war¬ 
fare during the period immediately 
before European contact—abun¬ 
dantly attested in oral tradition—is 
a sign of the intense competition 
under what was evidently popula¬ 
tion-density-dependent K selec¬ 
tion. 

Although the extent of archaeological 


Figure 2. Irrigated pondfields are still used for irrigated fields is the village; inland from the 
taro cultivation on the coastal plain of Futuna fields is a zone of breadfruit and other tree 
Island, in western Polynesia. Seaward of the crops. 


work in Polynesia has not yet per¬ 
mitted similar population recon¬ 
structions for other island groups, the 
Hawaiian case is by no means unique. 
Firth (1936) clearly described and 
analyzed the cultural significance of 
population levels in Tikopia, for ex¬ 
ample, which evidently oscillated 
near carrying capacity. The tradi¬ 
tional Tikopian population was 
acutely aware of the relatipnship be¬ 
tween family size and resources. 
Fakatau ki te kai, “measured ac¬ 
cording to the food,” was the cultural 
concept underlying a set of prac¬ 
tices—infanticide, celibacy, abortion, 
suicide, and warfare—that served to 
regulate the island’s population 
density. 

Certain small Polynesian islands were 
at one time settled and were subse¬ 
quently abandoned; population dy¬ 
namics may have had a role in the 
evident extinction of their human 
populations. Nihoa, Neckpr, a num¬ 


ber of the Line Islands atolls, Pit¬ 
cairn, and Henderson all exhibit the 
archaeological testimony to former 
occupation. Did their populations 
overshoot the resource thresholds of 
these tiny habitats to such an extent 
that they were unable to recover from 
a subsequent population “crash”? 
The earlier population of Anuta 
(Kirch and Rosendahl 1976), in par¬ 
ticular, may not have had a sufficient 
r strategy to allow recovery from a 
devastating disaster. Only a dynamic 
model of prehistoric Polynesian 
populations will allow us to address 
these problems. 

Changing environments 

Polynesian societies had to face four 
different kinds of changes in their 
environments. First, • as colonizers 
dispersed through the islands, they 
had to adapt to the broad spectrum of 
environmental conditions we have 
noted. Consider, for example, the 


challenge of adapting taro cultivation 
to the various hydrologic regimes of 
the Polynesian islands. One of the 
farinaceous mainstays of Oceanic 
agriculture (the other being yams), 
taro (Colocasia esculenta [L] 
Schott), although potentially tolerant 
of relatively dry conditions, is best 
suited to cultivation in water-satu¬ 
rated soils, especially in irrigated 
pondfields. Ethnobotany (Barntu 
1965) and archaeology have docu¬ 
mented the variety of technological 
adaptations permitting taro cultiva¬ 
tion in naturally unsuitable condi¬ 
tions. These include not only irriga¬ 
tion (Fig. 2) on high islands with 
ample streamflow (Kirch 1976) but 
also complex drainage systems in 
low-lying coastal swamps (Kirch 
1978c) and pit cultivation utilizing 
brackish water in the Ghybetv 
Herzberg aquifer of atolls. As we have 
noted, however, the extinction <»i 
Polynesian populations on certain 
small islands may attest to the failure 
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Figure 3. The island of Niuatoputapu in west- 
ern Polynesia has more than doubled its size 
since initial Lapita settlement ca. IOOO B.C. 
This generalized geomorphological map shows 
the distribution of the Lapita settlement zone 
in relation to the ancient shoreline and the area 
of tectonically uplifted recent marine sedi¬ 
ments. For a population heavily dependent on 
exploitation of reefs and lagoons along the 
ancient shoreline, the elimination of these areas 
had a tremendous impact. 
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of his surroundings. By <»>n«ervativc 
estimates, it took something on the 
order of 2 4 X IIl 1 * years to achieve a 
mature, climax ecosystem on the 
tropical islands of ihtt central Pacii ie. 
In generally less than 4 X Iff yours, 
humans managed to alter the low¬ 
lands of the larger islands totally, and 
on smaller islands such as Easter, 
Mangarevii, or Huahine, they reduced 
the vegetative cover to little more 
than grassland savannah. 

Mt*Glone (11178), analyzing a pollen 
sequence at Mawkes Huy, New Zea¬ 
land, has documented the devastating 
effects of prehistoric Polynesian 
burning of indigenous lores! cover. 
Similar sequences'of forest destruc¬ 
tion due to Polynesian agriculture 
and burning have been demonstrated 
for Hawaii (Kirch and Kelly 11175; 
1,add and Yen 1972k loom* case, the 
evidence points not only to forest 
destruction but to extinction at an 
entire lowland endemic snail fauna as 
well. 


The third type at environmental rnUrnm have been 

are short-term, recurrent- lor Hawaii (Kirch and Kelly 1 . 7. , 

mrtimlar, drought and tropical cy. evidence pomts nut only n 1 rest 
q v, ha*,Hm nl adaptations to destruction but to extinction at an 
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colonizers’ “transported landscapes” 
(Anderson 1952). There were also 
inadvertent stowaways such as rats 
{Rattus exulans, probably highly 
destructive of native bird popula¬ 
tions), a variety of weeds such as 
Ludwigia, Thelypteris, and Digitaria 
(St. John 1978), terrestrial snails such 
as Lamellidea and Gastrocopta, and 
ectoparasites such as Laelaps. The 
cumulative effect of these introduc¬ 
tions and of man’s activities was to 
transform, in a very short time, the 
landscape of every island Polynesian ; 
man inhabited. 

Clearly, there is great opportunity in 
Polynesia for ecologically oriented 
prehistorians to construct dynamic 
models of human modification of 
ecosystems. Odum (1969) and Mar¬ 
gate!' (1968) both observed that man 
purposefully simplifies natural eco¬ 
systems, causing them to “regress” 
from higher to lower maturity. The 
net effect is to shift the ecosystem 
from a high biomass/production ratio 
to the reverse, a high production/ 
biomass ratio. While this trend is fa¬ 
vorable to the human population, 
because it leads to more efficient 
production, it may also have severe; 
consequences, since it is accompanied 
by a reduced ability of the environ- , 
ment to respond to perturbations, 
Reduction in forest cover, for exam¬ 
ple, may greatly increase slope in¬ 
stability and erosion following heavy 

rainstorms, intensifying flooding an . 

station of fringing reefs. Direct^ 
feels on subsistence production wouldf; 

• include damage to irrigation strw$ 

lures and degradation of marine rer{ 

( sources. It is the task of arcbaeologji 

to reveal the varied technological and; 

; sociopolitical adaptations where# 


Figure 4. The development of distinctive 
Marquesan fishing gear may be interpreted as 
an adaptive response to selective pressures of 
the marine environment. The Marquesas 
Islands were colonized by people from western 
Polynesia, where various forms of fishhooks fall 
roughly into a standard distribution curve, with 
a simple one-piece fishhook heavily predomi¬ 
nating. Among early inhabitants of the Mar¬ 
quesas, however, experimentation within new 
environmental constraints led to a greater 
range of variation in fishhook styles. Later, as 
the population grew better adapted, two stan¬ 
dardized forms of jabbing hooks became 
prevalent, indicating selective retention of the 
most effective gear. 



Polynesians responded to an envi¬ 
ronment with which they were en¬ 
gaged in a continuous dialectic. 

Technological' 

adaptations 

Of the varied behaviors permitting 
man to cope with the pressures of his 
environment, and of his own num¬ 
bers, adaptations of technology are 
probably the most directly observable 
in the archaeological record. This is 
because the majority of prehistoric 
artifacts are technomic—that is, they 
relate directly to the exploitation of 
the environment for food, shelter, and 
other basic needs (Binford 1962). In 
Polynesia, these include a variety of 
portable tools and implements such 
as fishhooks, adzes, food scrapers and 
peelers, and pestles, as well as the 
nonportable remains of facilities such 
as agricultural fields and fishponds. 
Until recently, archaeological ap¬ 
proaches to technomic artifacts were 
largely typological, the principal ob¬ 
jective being comparative analysis for 
the purpose of tracing migration 
routes and ordering sites according to 
their place in cultural sequences. To 
restrict ourselves to a typological 
viewpoint, however, is to ignore a 
wealth of potential information con¬ 
cerning the adaptive nexus between 
man and environment. 

In Polynesia, fishing gear has long 
been an object of archaeological study 
from a typological perspective 
(Emory, Bonk, and Sinoto 1959), 
fai rin g the central place occupied by 
pottery elsewhere in world prehistory. 
Given the dependence of oceanic man 
upon the sea and its varied resources, 
investigations of fishing gear may 


reveal a good deal concerning the role 
of technology in cultural adaptation, 
Recent ethnographic and archaeolo¬ 
gical work in Tonga (Kirch and Dye, 
in press) indicates that the early 
Lapita settlers of western Polynesia 
practiced a wide variety of marine 
exploitation strategies, including 
shellfish gathering, spearing, netting, 
fish poisoning, use of weirs, and 
angling. 

Angling with one-piece shell fish¬ 
hooks evidently did not constitute a 
dominant fishing strategy for these 
early settlers, apparently owing to the 
greater productivity of netting and 
spearing in the lagoons and broad reef 
flats of tropical Polynesia. When 
settlers from the Tonga-Samoa region 
first colonized the Marquesas Islands 
(Suggs 1961), however, they were 
confronted with a new set of envi¬ 
ronmental constraints (rocky coasts, 
absence of developed reefs and la¬ 
goons) not suited to the fishing 
strategies that had been selected for 
in the western, tropical islands. Given 
this situation of adaptive stress, it is 
not surprising that the early Mar¬ 
quesan archaeological sites yield an 
especially varied assemblage of one- 
piece fishing gear, reflecting experi¬ 
mentation with angling techniques 
(Fig. 4). Later Marquesan sites dem¬ 
onstrate that, through a process of 
selective retention, the Marquesan 
fishermen had settled upon a highly 
standardized form of jabbing hook, 
which presumably had proved to be 
most effective in exploiting fish along 
the archipelago’s rocky coasts and 
headlands. 

This is a case of technological re¬ 
sponsiveness to new environmental 


constraints encountered by a colon 
izing population. Earlier we also 
mentioned the situations of stresn or 
tension between a population and it:, 
environment that were created as n 
result of certain stochastically re 
curring natural perturbations, par¬ 
ticularly drought and tropical cy¬ 
clones. The immediate effect of such 
disasters is to devastate the agricul¬ 
tural crop and thus threaten the so¬ 
ciety with famine. The tubers, conns, 
and fruit—rather than seed—that are 
typically the edible products oi 
tropical crop plants are generally 
unsuited to long-term storage. Poly 
nesian technology developed several 
rather ingenious solutions to tire 
problem of storing a sufficient fari¬ 
naceous surplus to ensure that t la- 
population would not succumb to 
starvation Mowing a disastrous 
drought or cyclone. One of these is the 
semianaerobic fermentation and pit 
storage of starch, especially bread 
fruit. Kept in leaf-lined underground 
silos (Fig. 5) and periodically aerated, 
this ma or masi could be stored for 
periods often years or more, and wire 
deliberately prepared following 
plentiful harvests as insurance 
against the next disaster, When this 
technique of “controlled rotting 
originated is as yet unclear, but than* 
is archaeological evidence of storage 
silos dating to the beginning of tin 
Christian Era in both Samoa and 
Tonga. 

The r/K- selection model predicts 
that a shift to situations of density 

dependent selection should be ac¬ 
companied by technological adapts- 
tions favoring specialized exploitation 
of resources, efficiency, and in t,tore 
fication. Archaeological investigating 
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of prehistoric Polynesian agricultural 
systems have demonstrated precisely 
such trends. In Hawaii, a decade of 
archaeological studies have focused 
on two kinds of agricultural intensi¬ 
fication: pondfield irrigation in 
stream valleys (Kirch and Kelly 1975; 
Earle 1978) and field systems—an 
intensified form of shifting cultiva¬ 
tion—on leeward slopes (Rosendahl 
1972 diss.) Both of these cultivation 
systems reflect sizable labor invest¬ 
ment in specialized facilities, the aim 
being efficiency of production on a 
given unit of land. 

At Lapakahi the evidence for agri¬ 
cultural intensification is particularly 
clear. Beginning around A.D. 1300- 
1400, when prehistoric Hawaiian 
population was surging dramatically, 
the upland slopes of Lapakahi began 
to be divided into a series of discrete, 
dry-land walled fields. Continued 
division of plots into smaller and 
smaller units continued until ca. A.D. 
17§0, as the system of shifting culti¬ 
vation was developed into a highly 
productive, yet labor-intensive, sys¬ 
tem of crop rotation. In the windward 
stream valley of Halawa on Molokai 
island, the archaeological evidence 
points to an actual replacement of 
shifting cultivation with pondfield 
irrigation. In this case, not only pop¬ 


ulation growth but also human-in¬ 
duced environmental degradation 
(erosion and loss of soil fertility due 
to removal of indigenous forest cover) 
were the apparent stimuli to this 
particular sequence of technological 
adaptations. 

Yet another example of technological 
intensification is to be found in the 
Hawaiian fishponds (Kikuchi 1976). 
These artificial stone structures, sit¬ 
uated on broad reef flats and in bays 
throughout the islands, were adapted 
from the simpler weirs or stone traps 
found throughout Oceania. In Hawaii, 
however, the plans were modified so 
as not only to trap but also to im¬ 
pound and provide suitable breeding 
grounds for several species of fish, 
most notably mullet {Mugil cepha - 
lus), The productive efficiency of 
these ponds is borne out by contem¬ 
porary attempts to revive the pre¬ 
historic structures for aquaculture by 
the State of Hawaii Department of 
Planning and Economic Develop¬ 
ment! 

Sociopolitical structures 

Less evident in the archaeological 
record than technology, but no less ( 
significant for human ecology, are 
adaptations of social structure and 


Figure 5. A woman of Tikopia-a Polynesian sealing, will be covered with a protective layer 
island near Anuta—fills an underground of stones. The fermented paste will keep for 
storage silo with masi, fermented breadfruit, several years; it serves as insurance against crop 
The pit is carefully lined with leaves and, after failure or other disaster. 



political organization. Two funda¬ 
mental features of Polynesian soci¬ 
ety— a proclivity for the formation of 
new social groups through a process 
of collateral segmentation of junior 
descent lines, and class stratification 
into chiefs and commoners—may 
themselves reflect several millennia 
of adaptive response to oceanic se 
lection pressures. 

With regard to Polynesian descent 
groups, Goodenough (1955) proposed 
some time ago that their nonunilinear 
or cognatic structure (depending as 
much upon residence as descent and 
permitting a choice in affiliation with 
male or female descent lines) was an 
adaptation to the problem of limited 
land resources in the face of constant 
fluctuations in kin-group size. For 
founding populations, the potential 
for establishment of new social groups 
by means of fissioning off of junior 
lines may likewise have been an 
ecologically successful strategy, per¬ 
mitting small population groups to 
disperse relatively rapidly throughout 
the ecologically favorable zones of a 
newly colonized island. Archaeologi¬ 
cal evidence, in fact, strongly suggests 
that such a strategy of filling in of the 
most suitable habitats (in terms of 
exploitable resources) was the usual 
case among colonizers in Polynesia, 

The existence of hereditary chiefs in 
Archaic Polynesian culture is evident 
from linguistic reconstructions of the 
Proto-Polynesian terms ariki and tu'i 
for titled persons. Once the more 
suitable lowland zones of an island 
had been settled, however, and in¬ 
creased population size had begun to 
create a situation of density-depen¬ 
dent selection pressures, the role of 
chiefs as economic managers would 
have assumed increased importance. 
In Polynesia, religious ritual played 
a vital role in regulating annual pro¬ 
duction cycles (see, for example, Firth 
1967), and chiefs or members of 
chiefly lines occupied the central po¬ 
sition of ritual power. It is not sur¬ 
prising, then, that even the limited 
data on the development of large 
Hawaiian temple sites document 
substantial increases in temple size 
and complexity in the thirteenth and 
fourteenth centuries A.D., when Ha¬ 
waiian population was undergoing a 
dramatic increase and was beginning 
to test the limits of the environmental 
carrying capacity. 

Likewise, increased competition be- 
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Figure 6. A simple multivariate model accounts stratification under a shifting-cultivation i 
for the factors leading to increased social ricultural regime on Oceanic islands, 


tween local social groups over limited 
resources, such as arable land or ex¬ 
ploitable reef, must have favored the 
rise of martial leaders. Vayda (1974, 
p. 191) has stressed the need to ana¬ 
lyze warfare as “a process in relation 
to other processes and to environ¬ 
mental perturbations”; Polynesian 
warfare was significantly affected by 
such variables as population growth, 
resource limitations, and competition, 
with factors such as drought perhaps 
acting as triggering mechanisms. The 
complex social stratification in 
Polynesia that has intrigued anthro¬ 
pologists may indeed be the outcome 
of adaptive response to certain 
problems posed by situations of 
density-dependent selection in cir¬ 
cumscribed island ecosystems. 

Recent fieldwork in western Polyne¬ 
sia (Kirch 1976,1978a) provides evi¬ 
dence for the correlation of social 
stratification with certain clearly 
definable environmental and tech¬ 
nological constraints, such as shifting 
cultivation. Figure 6 shows a simple 
multivariatemodel (some aspects of 
which were already explicit in the 
work of Vayda 1961 and Carneiro 
1970). An increasing population that 
practices shifting cultivation will 
constantly find it necessary to expand 
the area under cultivation. On an 
island with finite arable land, in¬ 
tensification in the form of reduction 
of fallow time is feasible, but envi¬ 


ronmental degradation (reduction of 
soil fertility and erosion) is an un¬ 
avoidable consequence of such in¬ 
tensification if carried beyond certain 
limits. With several local social groups 
occupying adjacent territories, each 
facing the need to expand its area 
under cultivation, competition over 
arable land is inevitable. Competi¬ 
tion—especially warfare-favors the 
rise of chiefs as martial leaders and 
enhances their status as economic 
managers, which intensifies social 
stratification and increases the com¬ 
plexity of the political apparatus. 

This model directly contradicts the 
well-known hydraulic hypothesis of 
Wittfogel (1967) that the develop¬ 
ment of highly stratified societies is 
intimately linked with irrigation. 
Along these lines, Earle (1978) argues 
that in Polynesia irrigation was not a 
response to population pressure but 
rather developed because of the op¬ 
portunities it presented for chiefs to 
invest capital and thus gain compet¬ 
itive advantage over their rivals. But 
irrigation is a technological adapta¬ 
tion that permits a heavy intensifi¬ 
cation and increased production on 
the same area of land and thus seems 
to alleviate, rather than stimulate, 
competition. 

On present evidence, the model out¬ 
lined in Figure 6, in spite of its evi¬ 
dent simplicity (and we must note 


that several additional variables could 
be added), makes a great deal of 
sense, synthesizing not only the 
western Polynesian evidence, but that 
from other Polynesian islands as well. 

In Hawaii, for instance, which had 
one of Polynesia’s most highly de¬ 
veloped chieftainships, the politically 
most powerful and competitive li¬ 
neages did not develop in those re- 
| gions where irrigation was practiced, 
a fact that has been ignored in the 
J correlation of social stratification 
with irrigation (Earle 1978). The ex¬ 
tremely important lines of Kona and 
Kohala chiefs (including the famous 
Kamehameha) governed populations 
dependent almost exclusively upon 
an intensified form of shifting culti¬ 
vation—the Lapakahi-type field 
systems described earlier. The model 
in Figure 6 also appears applicable to 
the rise of social stratification and 
associated monumental architecture 
on remote Easter Island. Shifting 
cultivation there eventually defo¬ 
rested the entire land surface, and the 
devastating internal warfare that re¬ 
sulted led to severe social disinte¬ 
gration (McCoy 1976). 

In this article we have reviewed some 
of the variables critical to an under¬ 
standing of the coevolution of Poly¬ 
nesian cultures and the island eco¬ 
systems of which they were so vital u 
part. The interdependence of shifting 
cultivation and social stratification in 
a particularly vivid manifestation of 
the multiple interrelations among 
population growth, environmental 
constraints, technological systems, 
and sociopolitical structures. 

Islands, by virtue of their isolation 
and circumscribed conditions, are 
especially suited to studies of cultural 
adaptation, Polynesian archaeology 
has already demonstrated a potential 
for going beyond culture history per 
se to the generation of explanatory 
models of culture-environment in¬ 
teraction, There is no question that 
on the scale of world culture history, 
Polynesia was a cul-de-sac, fascinat¬ 
ing but peripheral, Yet, given the 
paradigmatic value of island ar¬ 
chaeology, Polynesian prehistory may 
offer significant contributions to the 
solution of anthropological problems 
that transcend time and place, 
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“My big mistake was going into cosmology 
just for the money/’ 
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E. Sue Savage-Rumbaugh Do Ap©S Us© L&ngUclg©. 

Duane M. Rumbaugh 

Sarah Boysen One research group considers the evidence for 

representational ability in apes 


Ape-language work is having pro¬ 
found effects on the fields of linguis¬ 
tics (Brown 1973; Mounin 1976), 
psychology (Limber 1977), anthro¬ 
pology (Hill 1978), zoology (Griffin 
1976), sociology (Meddin 1979), and 
neurobiology (Steklis and Raleigh 
1979). The broad impact of this work 
lies not in a cross-disciplinary ap¬ 
proach by the ape-language re¬ 
searchers themselves—all are psy¬ 
chologists—but in the ubiquitous 
question that underlies the endeavor: 
is man unique? If human uniqueness 
were not an important presupposition 
underlying research in a variety of 
scholarly fields, the ape-language 
work would not attract such broad 
attention. As Hill points out, this 
work “may imply a paradigm shift, 
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with Plato finally giving way to Dar¬ 
win or perhaps ‘an identity crisis for 
Homo sapiens’ (Gallup et al. 1977, p. 
303)” (Hill 1978, p. 89). 

Any endeavor of such import should 
be cautious regarding its methods, 
findings, and conclusions. Unfortu¬ 
nately, reports of ape-language work 
have dealt with many of the funda¬ 
mental aspects of language in a rather 
cursory manner. The acquisition of 
symbolic-representational skills has 
been presented as a rather simple 
task for the chimpanzee, and the issue 
of exactly what constitutes symbolic 
or representational function has been 
given minimal attention. Although a 
few initial critiques of the work 
questioned whether or not chim¬ 
panzees understood the symbols they 
were using (Lenneberg 1971; Sebeok 
1972), these issues were bypassed 
rapidly (Dingwall 1979) and interest 
quickly focused on syntactical phe¬ 
nomena (Mounin 1976; Limber 
1977). 


form a variety of novel combinations, 
such as “you me hide” and “you me go 
out there hurry,” and the Gardners 
concluded that Washoe compared 
favorably with children at Brown’s 
Stage III and beyond (Gardner and 
Gardner 1969,1971,1972,1973,1974 
a and b, 1975,1978 a and b). 

Following this initial work, a student 
of the Gardners, Roger Fouts, began 
teaching ASL to six chimpanzees at 
the University of Oklahoma. Font* 
also continued to work with Washoe 
intermittently. Fonts used the same 
approach in teaching these apes signs 
that had been used'with Washoe 
molding the apes’ hands into the 
proper physical configuration with 
less and less precision and force until 
the animal placed its own hands in 
the proper position.Touts, unlike the 
Gardners, permitted spoken English 
in the presence of the chimpanzee 
(Fouts 1972, 1973, 1974; Fouls. 
Chowin, and Goodin 1976; Fouls, 
Chowin, and Kimball 1976; Fouts and 
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Ape-language projects 

There have been three basic ap¬ 
proaches to the teaching of language 
skills to apes, each of which has em¬ 
ployed a different communication 
system and training philosophy. Be¬ 
atrice and Allen Gardner, who worked 
initially with a chimpanzee named 
Washoe and more recently with four 
other chimpanzees, have chosen to 
rear their subjects as much as possible 
like human children and to use 
American Sign Language of the Deaf 
(ASL) as the medium of communica¬ 
tion. Work with Washoe began when 
she was one year old and continued 
for five years, at which time she was 
said to have acquired a vocabulary of 
132 signs, based on her production of 
each sign over a certain number of 
days. She was reported to he able to 


Mellgren 1976). 

Shortly after Fouts began his work in 
Oklahoma, Penny Patterson (1978) 
began a similar study with a gorilla 
named Koko. Like Fouts. she molds 
the gorilla’s hands into signs, and she 
permits spoken English. Both Foul* 

and Patterson use a criterion of word 
acquisition similar to that of the 
Gardners. 

Herbert Terrace began a signing 
project with the chimpanzee Nun 
(born in Oklahoma) in 1974. He, like 
the Gardners and Patterson, raised 
Nim as a human child and attempted 
to encourage communication re 

garding all aspects of daily life. Niro 
was taught to sign by a method mod ■ 
eled after the techniques of Gardner 
and Fouts. Terrace made the first 


1980 January-February W 





permanent video record of any sign- 
ins: windy; and this video record of 
Niro’s progress ultimately forced him 
and his coworkers to reach conclu¬ 
sions regarding the signing capacities 
tif opes that were at odds with those of 
the other researchers in this area 
(Terrace 11)79; Petitto and Seidcn- 
herg 1979; Seidenherg and Petitto 
1979). 

Because alt these ape signing projects 
followed the procedures laid down by 
the Gardners, wo will discuss only the 
accomplishments of Washoe in detail, 
as she is the most widely known of the 
signing apes, Similar statements, 
however, are applicable to the other 
signing apes, for their training histo¬ 
ries share the meihodologieai prob¬ 
lems described for Washoe. 

David Premack taught, the chim¬ 
panzee Sarah to select, under certain 
conditions, a variety of plastic chips 
that he glossed with English words. 
Sarah was typically required either to 
select one chip from a set of two or to 
arrange four to five chips in given se¬ 
quences, Sarah’s chip selection was 
considered by Premack to be analo¬ 
gous to speaking words. For example,. 
Premack would place in front of 
Sarah a candy and three plastic chips, 
He called these chips food names such 
as “candy,” “banana," and “orange.” 
When Sarah selected the chip that 
Premack called “candy,” she was said 
to have named and asked for the 
candy. Premack went on to perform 
similar chip-selection tests with more 
complicated sets of English terms; 
one test, for instance*, involved the 
selection of chips said to represent the 
plural indicator in the presence of 
other chips glossed as “red yellow ? ? 
color," 

Rumhaiigh, Warner, and Von Bias 
i-refold (1977) set out to develop ft 
method of studying upedanguage 
acquisition that would combine the 
better aspects of the approaches 
taken by the Gardners and Premack 
and would at the same time avoid the 
pitfalls of both these projects by de¬ 
vising a medium of symbolic com¬ 
munication that would permit the 
gathering of a complete utterance 
corpus, the individual items of which 
would not be open to interpretation, 
The communication medium devel¬ 
oped could also completely eliminate 
cueing problems by relaying symbol 
selection through computer signals, 
Unlike the “words" in former 



Figure 1. Liam, the rhimimimHi nswi m »«•' 
author!,' initial apt* latimtiHW ' i* > 

in front of i lu* koylwaril by whirhi.lo* ttn-tbu m 


projects, the "words" in this system 
were composed of a limit ed number of 
elements that were recombined in 
various ways to produce geometric 

figures = M & M» ^ 53 

juice, 0 « pudding, (|) ~ sink). 

Initially, Lana was required to learn 
strings of symbols in order t;o mrniip 
ulale food vendors and mechauical- 
devices in her environment fe.g. 
plcasr machine pine M&M and 
pirnst machine make windom open ). 
She came to realize that the machines 
had to ho stocked by humans, and she 
readily transferred the use of such 
strings to the manipulation of her 
human teachers f please Tim pine 
milk uut mini). lama executed these 
requests by depressing keys embossed 
with geometric symbols and arranged 
nn a large wall panel (Fig, 11. The keys 
could be relocated to preclude simple 
position learning. 

Sherman and Austin, t wo young male 
chimpanzees, were added to the 
Yerkes project in lflTti. Their t raining 
differed from that received by Lana 
in that they were* not taught to pro¬ 
duce strings of symbols, they were not 
constrained by the same grammar, 
and they were reared and trained in 
a social preschool-like setting, Em¬ 
phasis was placed on interanimal 
communication early in training, 
which led to a development of re¬ 
ceptive and indicative skills not seen 


.vinlt-'i Iti'* mil burs <[iu‘»tion whether Lana 
,111-1 ofhif havi' truly used symbols to 

ri |lf*M lll tiii#S5; 


in other apes, Unlike Lana’s, Sher¬ 
man and Austin*# medium of com- 
rntmicatioit has not been limited to 
the keyhijonl. Hpontaneous human 
and chimjutnzef! gestures (not AHL), 
vocalizatiniis, and even tasks similar 
to 1'remark’s have also been em¬ 
ployed with them. A detailed de- 
st rip) ion of t his project is not possible 
here, but it should be noted that the 
training diflirtdtios encountered with 
Austin and Sherman have led to 
mm of tire insights in this paper 
(Savage Kuinbaugh and Rumba# 
19715. 1979* impress; Savage-Rum- 
hiiugh 1979; Savage- Rumbaugh etal. 
1979 a, h. in press). 

Signs, b-xigraois, and plastic chips 
have been accepted as elements of the 
opt,A vocabulary if the ape can pro¬ 
duce die correct behavioral label in 
die presence of t he correct exemplar. 
This basic assumption has been made 
by the three initial ape-language 
project Kami by the three offshoots of 
the signing work. 

But is labeling pres* tantamount^ 

symbolic representation? Does the 
mm inherently know that a sign, a 

lexigram, or a plastic chip can stand 

for an object that may be absent m 
time and space? Does the ape inher¬ 
ently know that a name can be used 

tu i-miwy information to anotte 

animate about that ol>J e ' . 

siinpk-usam-iation between specimw 

and re*|wn«' lend to sym p ^ 


sentation? Whether associative la¬ 
beling in apes is equivalent to rep¬ 
resentational gaming in children is 
the issue of fundamental concern. 
The issues of combinations, syntax, 
and novel usage are all subordinate to 
that of reference. 

What is symbolic 
representation? 

Developmental linguists and devel¬ 
opmental psychologists have begun to 
address the issue only recently, but 
there is virtually complete agreement 
among them regarding the referential 
aspects of naming, Pylyshyn (1977) 
notes that 

animals can learn to produce behaviors, 
or as Skinner calls them, MANDS, that 
are instrumental for obtaining specific 
objects. But thjs is only a small part of 
what is involved in naming. To name an 
object implies that the object has been 
conceptually singled out or wrenched 
from its context and is available for arbi¬ 
trary cognitive activity. Thus, for a child 
to acquire even something as apparently 
simple as the name of an object is already 
a highly cognitive activity. What seems to 
give this relation (the relation of name 
and object) a status distinct from that of 
simple association is that it is formed in a 
special context in which attention is being 
focused on referential (not associative) 
relationship. [1977, p. .401 

Representation, or symbolization, is 
viewed by linguists as a system that 
permits referral to objects and events 
which are not present, thereby pro¬ 
viding the user of such a system with 
communicative capability that goes 
far beyond the nonverbal action- 
gesture schema (Nelson, in press; 
Bruner 1973,1974/75). A wide variety 
of messages may he communicated by 
pointing and gesturing, blit the ac¬ 
curate interpretation of such mes¬ 
sages is entirely dependent upon the 
proper embedding of the message in 
the extraljnguistic nonverbal context. 
For pqintjng to be effeptiye, the object 
must lie physically present. If a sym¬ 
bol can be used jn place of the object, 
however, then the ohject can be re¬ 
presented by means of a shared, 
stored knowledge from the brain of 
one party to that of another without 
the object being present. This is the 
essence of language—the translation 
of meanings, that is, knowledge of 
people, objects, events, and their 
relations into words; and the expres¬ 
sion of these meanings to a social 
partner for some functional purpose. 
Reciprocally, it involves the inter¬ 


pretation of the meaning expressed only if internal reorganization or re 
by others to the child and the appro- structuring is necessary in order for 
priate response to the functional an organism tp achieve the final be- 
purpose of the utterance” (Nelson, in havioral act observed. 


Thus, any given instance of true lin- 


Researchers and critics alike have 
presumed too readily that when an 


guistic representation involves at ape uses a symbol, it has some refer 

least four components: (1) an arbi- ential reason for so doing. For exam 

trary symbol that stands for, and can pie, when Washoe signs drink with- 
take the place of, a real object, event, out being asked what a drink is, it is 
person, action, or relationship; (2) assumed that Washoe has the ref- 
stored knowledge regarding the ac- erent, a real drink, well in mind and 
tions, objects, and relationships re- that she is attempting to convey a 
lating to that symbol (this stored message regarding drinks (Fonts, 
knowledge will not be identical for all pers. comm.). If it is true that Washoe 
users, but the greater the degree of understands her utterance “you more 
overlap, the more precise the com- drink” and that she utters it for the 
municatjon); (3) the intentional use same reason that a human being 
of that symbol to convey this stored would utter a similar phrase- 
knowledge to another individual who namely, to produce a repetition of the 
has similar real-world experiences recently occurred act of drinking in a 
and has related them to the same companion—this would imply (1) 
symbol system; ai)d (4) the appro- that Washoe can produce symbols 
priate decoding.of and response to the without the object being displayed or 
symbol by the recipient. indicated by the experimenter and 

even without the object being present; 
There is, to be sure, representational (2) that the goal of Washoe’s symbol 
thought that is not symbolic repre- production is to convey information 
sentation. Representational thought to a listener/receiver about Washoe’s 
involves an 'infernal cognitive re- internal “thoughts" or decisions; Oil 


presenting of an object, action, etc., h 
its absence, which allows for the per 


that Washoe anticipates that the use 
of this symbol will cause an image or 


formance of cognitive operations on representation of some form in the 
objects and actions in the absence of brain of the receiver; and (4) that 
sensory-motor operation. This ability when this symbolic information is 
to’ re-present (to oneself) allows the imparted to the brain of the receiver 
organism to solve problems by a pro- it can cause him to alter his ongoing 
cess which has been termed “insight" behavior hr accordance with her re 
rather than by trial and error. In quest, It is important to realize that 
other words, the trial and error pro- thes^presumptions have never been 
cess becomes internalized and alter- proM~-or even tested. q ! 
natives can be tested covertly—that 1 

is, in a nonobservahle manner. A. /yimfacfeho theoretical framework has 
R been developed ■ wd thin; the field uf 
Symbolic representation differs from animal psychology to distinguish be 
the simple re-presentation of experi- tween conditioned discriminative 
ences in that it is a form of interineji- responses and symbolic represents > 
vidual representing. It entails the tional responses. A single label or 
existence of symbols, preferably ar- name produced by a child has been 
bitrary ones. A nqnsymbolic pictorial presumed to be representational and 
system could allow individuals to available for use in a variety of 
represent things (as perhaps early mantic communications (request, 
men represented hunts to one an- statement of intent, announcement, 
other in cave paintings); however, etc.), but the capacity for such syrre 
such a system would be slow and bolic representation has generally 
cumbersome, making conversational been assumed to be species-specife;. 


give-and-take very difficult. and theories explaining the acquisi¬ 

tion of this capacity have not usually 
We do not have evidence of symbolic been , considered applicable to aid 
representation unless it is demon- mats. The ability of a pigeon to are 
strated that cognitive operations Actively peck red keys for food ami 
proceed even when an individual is green keys for water, as m the Jenlqre 
presented only with symbolic infer- and Moore (1973) study, was newt 
mation. The existence of such cogni- presumed to indicate that the pigvmi 
tive operations may be inferred if and was pecking the red key to represen ’ 
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food and that; it; could peck this key to 
request food, to announce that, food 
was present, to ask if food was 
present, and so on. 

But the researchers who began to 
leach apes language did so with an 
inherent bias toward a set of pre¬ 
sumptions formerly reserved for 
children, Simply stated, these pre¬ 
sumptions were that U) for a chim¬ 
panzee t,o team language, it must first 
learn which members of a set of arbi¬ 
trary symbols are to be associated 
with which real-world events and 
objects; (2) as the chimpanzee learns 
these associations, he will bring to the 
task an inherent capacity for rep¬ 
resentational and symbolic commu¬ 
nicative ability that will enable him to 
use these symbols in a varie ty of ways; 
and (3) the most important determi¬ 
nant of whether or not the chimpan¬ 
zee is actually learning a language will 
be his ability to form novel combina¬ 
tions, 

When the ape-language work began, 
these assumptions reflected pre¬ 
vailing acceptance of the idea that the 
learning of individual words could 
probably Ire explained through rela¬ 
tively simple associationistic pro¬ 
cesses but that the learning of labels 
by children implied the presence of 
representational and functional 
symbolic communicative skills. This 
position.a pervasive one in psy¬ 

chology—was first put forth by 
Skinner (1953,1957) and is exempli¬ 
fied'by'Jenkins and Palermo (1964), 
who state, “We believe that associa¬ 
tive correlates between verbal be¬ 
haviors and events in the world 
around the beginning speaker rapidly 
appear through simple S|timulus]- 
R|espouse] laws and that labeling or 
naming in its broadest sense ought to 
lie one of the earliest forms to appear” 

(p. 62). 

Because all three ape-language 
projects set about, from the outset, to 
demonstrate that their animals could 
do much more than name objects, 
they devoted almost no attention to 
the process of naming itself, They 
made no attempt to determine what 
semantic skills the ability to name an 
object implied and, with a few minor 
exceptions, no attempt to show that 
individual, symbols or signs actually 
referred to objects, events, or moti¬ 
vational/intentional states. 

It is our view that representation or 
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symbolization is not inherent in the 
chimpanzee’s capacity to select a 
symbol when presented with an 
object, action, or state, though such 
capacities may he inherent in the case 
of the human infant (Greenfield 
1979), This is a more fundamental 
criticism of ape-language work than 
that recently set forth by Terrace and 
his colleagues (1979), who concluded 
that syntax, as we know it in human 
beings, does not exist in the symbolic 
communications of apes. Had Ter¬ 
race’s chimpanzee, Nim, understood 
the referential components of all the 
symbols he used, his syntax might 
have been quite adequate. However, 
an investigation of syntax when there 
is little evidence of semantic com¬ 
prehension will inevitably lead to 
negative conclusions regarding the 
similarity of ape and human sen¬ 
tences, 

Our own recent work indicates that 
the ability to use symbols represen- 
tationally can be acquired by the 
chimpanzee, but evidence tor repre¬ 
sentation or symbolization cannot be 
found in a simple association between 
label and object, and the ability to 
label is not sufficient criterion for a 
symbol to be viewed as a word or as an 
element of a chimpanzee’s symbolic 
vocabulary. Unfortunately, because 
scientists working with chimpanzees 
have interpreted the behavior of their 
subjects too liberally, there exist 
among researchers significant mis¬ 
understandings about what chim¬ 
panzees can do linguistically, what 
they have done, what their accom¬ 
plishments reflect, and how they ac¬ 
quired their languagelike skills, 

The evidence for ape 
language 

Prcmaek (1976) appears to he aware 
of the problem of determining what 
plastic chips mean to a chimpanzee. 
He states that for a chimpanzee to he 
using the chips as words, the animal 
must show three abilities, The chim¬ 
panzee must be able to use the plastic 
chip to request the referent that has 
been associated with the piece. It 
must be able to select the piece when 
asked to name the referent. And the 
chimpanzee must be able to give what 
amounts to a description of the ref¬ 
erent in the presence of the plastic 
chip alone. 

Although we view this list as incom¬ 
plete, it recognizes, at a minimum, 


that a simple association between 
item and referent is not sufficient for 
an experimenter to conclude that a 
response equals a word. But there are 
several problems with the way Sar¬ 
ah’s possession of even the three 
abilities listed was tested. For exam¬ 
ple, Premack does not clearly distin- i 
guish procedurally between naming 
foods and requesting foods. When 
naming foods, the subject should be 
able to sded the appropriate symbols 
without being allowed to consume the 
referent as a reward—otherwise,j 
naming does not differ from re¬ 
questing. Sarah was apparently al¬ 
lowed to consume the named object if 
it. was edible. This procedural dis¬ 
tinction between requesting and 
naming is an important one, and the 
ability to request does not imply the 
ability to name in the chimpanzee. 

Sarah is credited with the ability to 
form a variety of sentences, hut all 
that was required of her was the re¬ 
constitution of a learned symbol se¬ 
quence. Thus, in a sentence such as 
Mary pirn’ Sarah apple, the words 
Mary, give, and Sarah did not vary 
within a training session. Sarah’s real 
task was to select the plastic chip as¬ 
sociated with the food displayed by 
the experimenter. This was essen¬ 
tially an associative-naming exercise, 
in which the selection was made from 
two symbols, with a F)0% probability 
of being correct on any given occasion. 
Since neither syntactical nor rep¬ 
resentational skills were needed for 
Sarah to select successfully the four 
symbols to which Premack assigned 
tiie meanings “Mary give Sarah 
apple," the most simple explanation 
is that Sarah merely combined or- 
dering and association strategies to 
produce such sentences. 

It is difficult to determine from Pre¬ 
mack’s reports (1971,1976) the size of 
Sarah’s vocabulary, the number of, 
vocabulary items that have been 
tested in blind-controlled settings,; 
and which vocabulary items were 
used to demonstrate which semantic 
capacities. When it is possible to 
reconstruct the exact task presented 
to Sarah, it is questionable whether 
“Premack has correctly interpreted 
how his subjects perceived the sym¬ 
bols and the sequence of symbols tlw 
were required to use” (Terrace 1979,; 


Sarah's ability to describe the ref| 
erentof a plastic chip when presented: 


with the chip alone was tested with 


caramel. The basic test paradigm 
Premack used was that of match- 
to-sample. When an apple repre¬ 
sented the sample, Sarah was to 
choose from two color swatches the 
one that most closely matched the 
apple. Tests were also made for 
matches with differently shaped 
pieces, with red pieces with and 
without “stems,” and differently 
shaped pieces with and without 
“stems”—a square with a “stem” and 
a circle without (the fourth set was 
ambiguous, as were Sarah’s choices). 
For the three nonambiguous pairs, 
Sarah made the correct match-to- 
sample choice. The real apple was 
then replaced with the symbol for 
“apple,” a blue triangle. Sarah re¬ 
peated her match-to-sample choices 
on the nonambiguous pairs. 

But as we have argued elsewhere, 


blue triangle represented “apple” to 
accomplish this task (Savage-Rum- 
baugh et al. 1978b). She needed only 


same three sets of alternatives when 


Since none of these alternatives re¬ 
sembled the blue triangle (the word 
for “apple”) along any dimension, she 
could not, of course, match the alter¬ 
natives to the sample. Thus, even if 
she did not see the blue triangle as 
representing “apple,” when presented 
with the same three paired choices for 
. second time, the most reasonable 


ah’s viewpoint would have been to 
select the item which she had selected 
previously in the presence of the real 
apple. Chimpanzees can recall three 
such paired choices easily (Savage- 
Rumbaugh et al. 1978b). 

Furthermore, Premack did not dem¬ 


onstrate that Sarah could use the two 
symbols for apple and caramel, when 
given with a wide range of alterna¬ 
tives, to request the food when it was 
visible, to name the food if asked to do 
so without being given it to eat, or to 
select these foods from among others 
and give them to the experimenter in 
response to the experimenter’s use of 
the symbols. In short, he presented no 
data to support the contention that 
Sarah attained semantic compre¬ 
hension of the words for “apple” or 
“caramel” 

Premack (1976) recognizes that 
match-to-sample and recall might 
account for Sarah’s performance in 
this test and notes that later, in an¬ 
other test, Sarah selected the symbols 
for “round” and “red” from pairs of 
alternatives rather than round and 
red objects. However, reliable per¬ 
formance on the symbols repre¬ 
senting “round” and “red” was never 
established by Sarah. In her last test 
with color “names,” Sarah was per¬ 
forming at 76% on a dichotomous 
task, and in the only reported data on 
tests with the “names” round and 
square, Sarah performed at 69%. In 
neither case was this data collected in 
a manner that controlled for social 
cues. Premack (1976) himself states 
that “property names gave Sarah 
more difficulty than any other lexical 
class” (p. 185). It seems gratuitous to 
credit Sarah with the ability to select 
the symbols for “round” and “red” in 
response to the word for “apple” 
when, in fact, she could not even se¬ 
lect these symbols reliably to repre¬ 
sent actual instances of roundness 


A careful review of all reports of the 
Gardners’ initial Washoe project re¬ 
vealed only two controlled tests of 
Washoe’s skills: naming tests that 
apparently used the same group of 33 


Figure.2„A young chimpanzee named Lilith, surrogate mother. By the Gardners and 
who was kept as a pet and was not taught any Fouts’s criteria, she would be executing the 
signs, reacts to the departure of her human signs (left to right) for up, hug (one- 


vocabulary terms, though the par¬ 
ticular terms themselves were never 
specified. Washoe’s scores on them* 
two tests were 53% and 71%. 

Before she left Nevada for Oklahoma. 
Washoe reportedly was able to label 
132 things (actions, objects, and 
states); however, since only 33 of 
these signs were subjected to con¬ 
trolled tests, it is not clear how accu¬ 
rately Washoe labeled the other!)!! 
items. The remaining body of data 
collected during the Washoe project 
was basically observational, inter¬ 
pretative, and potentially open to 
cueing (Seidenberg and Petitto 
1979). 

Throughout the Gardners’ work, the 
unfortunate assumption is made that 
production means comprehension. 
Again, while this assumption may he 
true for the normal human child, it 
does not hold for the chimpanzee 
(Savage-Rumbaugh 1979) or for 
special human populations such as 
the mentally retarded or brain dam 
aged, the autistic, or the environ 
mentally deprived (Curtiss 1977). 

The Gardners make no attempt to 
separate the nonlinguistic context 
from the linguistic one. In fact, even 
traditional nonlinguistic cues, such :ih 
pointing at objects or gesturaliy de¬ 
picting actions, are termed signs and 
are treated as symbolic linguistic 
communicators. Nonsymboliv 
pointing gestures are variously 
translated as “you,” “me,” “go,” 
“there,” “this,” “that,” “look,” “lis 
ten,” and “time.” Nonsymbolic di¬ 
rectional gestures made with the 
whole hand are translated. as 
“gimme,” “come,” “go,” and “mine" 
(Petitto and Seidenberg 1979; 
Seidenberg and Petitto 1979). While 
Washoe may have used nonlinguistic 
gestures to draw attention to “this” 


handed), and “come.” (Photos by K. Hw 
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Table 1. Stock phrases produced by the chimpanzee Lana over a 2-month period 


Total occurrences * 


object name, 

question P ronoun give food name, or to Lana in room 6JU 

or noun proper name 
(?you give bread to Lana in room) 

please machine give piece of food name ^ 

(please machine give piece of bread) 

question you make toror ”J“ or 35 

window shut 

(?you make door open) 

it proper name in or 53 

aues on move , room 

1 or pronoun : out 

(?Lana move out room) 

proper name, tickle proper name 
question orp ,. onC)Un orgroom or pronoun 

(?you tickle Lana) 

name this odor ’•' 81 

proper name 
(shoe name this red) 

single symbols 465 

* Variable elements given in shaded blocks; example follows each format, 
t Total number of times variants of stock format-including incomplete versions—were pro¬ 
duced, 


object or to “that” person, such ges- even if they are meaningless-are far 
tures should not be translated as the too complex to be controlled by a 
words this and that. simple “go” or “no go cue, 


The social and contextual cueing 
problems that existed in the initial 
signing work continue to be over¬ 
looked as new claims are made 
(Gardner and Gardner 1978a). It is 
quite possible to cue the chimpanzees 
in a variety of ways, even without 
knowledge of so doing. Some critics 
have even suggested that all ape- 
language results can be relegated to 
the “Clever Hans” domain (Sebeok 
and Umiker-Seheok 1979). Clever 
Hans was a horse who confounded 
scientists at the turn of the century 
with his apparent ability to count, 
solve arithmetic problems, and an¬ 
swer other questions. Eventually it 
was discovered that he was picking up 
inadvertent cues from his trainer and 
others who examined him, But al¬ 
though this comparison underlines 
just how subtle cueing can be, it ov¬ 
ersimplifies the ape-language prob¬ 
lem. Clever Hans demonstrated only 
one behavior, stamping one front 
hoof, and the only cues necessary 
were “start” and “stop.” The chim¬ 
panzee behaviors in question here— 


Nevertheless, a more complex and 
sophisticated cueing can take place. 
Both the chimpanzee and the exper¬ 
imenter typically know, given the 
context, which subset of signs or 
symbols is appropriate, though the 
chimpanzee does not know which 
particular symbol within the subset 
is the correct one to execute. It 
therefore hesitantly or sloppily or 
repetitiously or hurriedly executes 
some hand movement while closely 
watching the experimenter’s face. 
When one is trying very hard to teach 
a chimpanzee a symbol it is quite 
difficult not to show displeasure or 
pleasure as it starts to fail or to suc¬ 
ceed. One may thus cue a chimpanzee 
by showing approval as it starts to 
make the correct sign or select the 
correct symbol. Because the chim¬ 
panzee does not have an inherent 
predisposition toward referential 
learning, it readily becomes depen¬ 
dent upon the experimenter’s help, 
and as the experimenter tries to give 
the chimpanzee less help, the chim¬ 
panzee looks for more minimal cues. 


Our own perspectives regarding the 
use of symbols have altered consid¬ 
erably across the seven-year span of 
the Yerkes language project, and 
views stated here contradict some, 
views offered earlier. Our data base is 
now far larger than previously: we 
have worked with five additional 
chimpanzees and with nine mentally 
retarded children, We have found 
that production must not be taken as 
the sole index of language compre¬ 
hension and ability, and we have 
learned to look at the chimpanzee’s 
total performance, instead of pri¬ 
marily the interesting and unusual 
behaviors. We have also found that, 
while it is relatively easy for chim¬ 
panzees and mentally retarded chil¬ 
dren to achieve skills that bear a su¬ 
perficial similarity to language, it is 
quite difficult for them to achieve the 
functional symbolic communicative 
ability and the reciprocal receptive 
behaviors that reflect the essence of 
language, We offer here a critique of 
Lana’s linguistic productions (Rum- 
baugh 1977) in the same vein as our 
critiques of other language projects. 

Lana has a reported vocabulary of 75 
items, but blind-test data in con¬ 
trolled situations have been present¬ 
ed for only 21 items (Rumbaugh 
1977). Lana’s performance on these 
tested items was 79.6%. In some cases 
all symbols were available to Lam 
during testing; in others only two; 
symbols, such as more and lens, were 
available. In each instance, only la¬ 
beling skills were required of Lana 
Many of Lana’s sentences, like Sar¬ 
ah’s, were formed by filling in the 
blanks of redundant strings. To he 
sure, Lana’s sentences were identified 
as “stock” sentences, and it was not 
implied that Lana understood all the' 
individual elements of these stock 
sentences. In many instances, how¬ 
ever, Lana was reported to form novel 
strings that appeared to be both 
contextually and syntactically ap¬ 
propriate, such as ?you move cabbm 
out of machine, or ?you move m. 
chine out of room (Gill 1977). From; 
statements such as these and others, 
we concluded that Lana was operat¬ 
ing within the domain of language 
and that she possessed “conceptual- 
meanings” for many, if not all, of 
these constructions (Rumbaugh and . 
Gill 1977). It is true that Lana’s rep¬ 
resentational capacity was not di¬ 
rectly tested, and because the ma¬ 
jority of intriguing and appropriate 
novel combinations occurred during 


en face exchanges between Tim—a 
trainer—and Lana, we could not rule 
out the possibility of unintentional 
cueing. But we believed the use of 
such novel combinations implied the 
existence of representational ca¬ 
pacity. 

Initially, these combinations were 
rare, and we were inclined to view 
them as attempts on Lana’s part to 
express desires we had not taught her 
to encode and sequence symbolically. 
As they became more and more fre¬ 
quent (probably because they were 
responded to with a good deal of en¬ 
thusiasm and excitement by the ex¬ 
perimenters), we were able to con¬ 
struct a more revealing profile of 
Lana’s novel usages. Table 1 shows 
the stock phrases Lana used—either 
complete or with omissions—over a 
period of 2 months, January-Febru- 
ary 1979, and Table 2 shows the 174 
novel productions formed by Lana 
during this same period. Clearly, 
many of Lana’s novel combinations 
fell within one or more stock formats, 
and a few novel combinations of 5-8 
words apparently reflected no se¬ 
mantic comprehension of various in¬ 
dividual elements in the chain or of 
the significance of their location with 
respect to the rest of the chain. Plac¬ 
ing the novel utterances within the- 
entire corpus partly removes the 
problems of the anecdotal and iso¬ 
lated descriptions characteristic of 
many ape-language reports. Note that 
while novel utterances make up only 
6% of the total corpus, these utter¬ 
ances generally appear to be seman¬ 
tically correct, and thus the normal 
English speaker would tend to view 
them as meaningful statements, Since 
most of them are requests for food, 
tickling, or change of location (things 
Lana always desires), the human 
English-speaking recipient of such 
requests would have no reason to 
presume that they were not mean¬ 
ingful to Lana. But in fact, it is not so 
much these novel utterances them¬ 
selves as the absence of numerous 
nonsensical combinations which 
suggest that Lana had some compre¬ 
hension of these symbols and how to 
combine them. 

We can find no definite demonstra¬ 
tion that Washoe, Sarah, Lana, Koko, 
or Nim used symbols representation- 
ally. But if these symbols do not rep¬ 
resent objects, events, and relation¬ 
ships to the ape, then how have apes 
come to use the symbols in what 


seems to be an appropriate fashion in 
many difficult tasks? We must also 
ask how referential competency can 
be validly assessed, and we need to 
devise means of comparing skills 
across projects and across symbol 
modalities. 

If-then language learning 

Researchers have often failed to spe¬ 
cify exactly what is required of a 
chimpanzee when it is learning a 
given symbol or sign, although it is 
precisely these requirements and 
their associated reinforcement con¬ 
tingencies that represent the animal’s 
real-world knowledge regarding the 
symbol and its use. If the chimpanzee 
acquired language without intensive 
tutoring (as is sometimes implied), 
then we would no more be able to 
learn how and why symbolic meaning 
accrues in the case of the chimpanzee 
than we are in the case of the human 
child. But the chimpanzee requires an 
enormous amount of tutoring (as the 
budgets of all the ape-language 
projects show), and the precise con¬ 
textual contingencies associated with 
the teaching of each word can be 
specified. 

All researchers In the area of ape 
language have used remarkably sim¬ 
ilar training techniques, although the 
reports of the various projects tend to 
emphasize differences in modality, 
criteria, social setting, etc. The basic 
training paradigm consists of a string 
of sequential interlocked conditioned 
discriminations: if conditions a and b 
occur, then select symbol x. In the 
case of Lana and Washoe the chim¬ 
panzees respond to actions and in¬ 
dicative gestures performed by 
human beings, rather than to an in¬ 
animate environmental stimulus. 
This means that these sequential if- 
then contingencies are of an inter¬ 
individual nature, such that the re¬ 
sponse of one individual becomes the 
stimulus for the ensuing behavior of 
the second individual (Table 3), 

It is important to point out that in the 
case of ASL training, the chimpanzee 
does not have to contend with signif¬ 
icant degrees of contextual similarity 
during training. A human experi¬ 
menter standing by a door and 
pointing outside is very different from 
the same experimenter holding the 
chimpanzee in his lap while making a 
playface and producing anticipatory 
tickling gestures. Thus, learning to 


Table 2. Novel phrases produced by Lana 
over a 2-month period 


question you name this 9 

question give drink this 8 

name this shoe 8 

name this cup 8 

question drink this 6 

out please 6 

question you give beancake shut open 6 

please milk out room 5 

question you tickle Lana go 5 

this ball 5 

question you tickle Lana behind room 4 

want yes 4 

question you tickle Lana into room 4 

question you tickle Lana in room 4 

question you give Columbus in Lana 4 

to room 

you open 3 

question you tickle Lana to Lana 3 

question you tickle Lana to Lana 3 

behind room 

out room 3 

please milk room : 3 

out room yes 3 

to out room 3 

question you give milk open 3 

question you give milk shut open 3 

question you give this orange drink 3 

question you give this to Lana in room 3 

question you open 2 

yes money 2 

question Lana you out room 2 

give out room . 1 2 

open yes 2 

question you give Lana Columbus 2 

make window open machine 2 

milk out 2 

please milk out 2 

please make machine music 2 

window open 

question you tickle Lana please 2 

go please 2 

yes out room 2 

please out room . 2 

please you 2 

move Columbus 2 

bowl name this pudding 2 

please machine groom 2 

question you give go 2 

question Lana Columbus 1 

tickle question 1 

drink yes 1 

hand eye foot 1 

window keyboard 1 

give Lana chow 1 

question you give Lana juice 1 

question you give bread to machine 1 
orange coke 1 

question Lana in room 1 

eat yes 1 

question you give banana to Lana In 1 
machine out room 

question you give juice to Lana in 1 

cup out room 

question you give bread Lana 1 

question Lana give bread to room 1 

give Lana milk 1 

question you, give Lana 1 
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Table 3. Examples of sequential contingencies, which comprise the basic paradigm for teaching ape. 
Pattern ' Gardner experiment Premack experiment 

CHIMP 1. Nonverbal behavior of 1. Chimp approaches door and 1. Sarah is willing to work for 

chimpanzee indicates that it tries to open it, signaling that it candy and other specie o s 

wants human to perform a wishes human to open door. (Sarah wishes human being to 

given act . perform act of giving her food). 

HUMAN 2, Human executes an act 2. Human also approaches 2 , Human prepares and makes 

or sequence of acts related door, points to knob, points available to Sarah a t isp ay 

to what the chimpanzee has outside, partially opens and an apple and differentially 

indicated it wants. closes door—with hands colored and shaped plastic 


wants human to perform a wishes human to open door, 
given act. 

2, Human executes an act 2. Human also approaches 
or sequence of acts related door, points to knob, points 
to what the chimpanzee has outside, partially opens and 


closes door—-with hands color* 
moving together and apart in a token: 
manner similar to the open 
sign In ASL. 


3, Chimpanzee executes 
symbol. 


HUMAN 4. Human executes desired 
act, 


3. Chimp signs open. 


4, Human opens door and 
allows chimpanzee to go 
outside. 


3. Sarah selects < 
tokens 


4. Experimenter gives Sarah an 
apple. 


* language 

Rumbaugh experiment 

1. Una looks at or gestures 
toward an M&M or M&M 
dispenser. 

2. Experimenter places an 
M&M in low, flat dispenser 
outside Lana's room. 


3. tana depresses a series of 
symbols chosen from among 
all familiar symbols and some 
unfamiliar symbols. 

4. Lana Is allowed to eat the 
M&M because the 
experimenter has programmed 
the computer to vend it 
automatically. 


Each action takes place only if the preceding action has occurred, 


sign “tickle” in one context and 
“open” in another should be relatively 
easy because of the high degree of 
initial discriminability inherent in 
these two situations. Such salient 
contextual differences become in¬ 
creasingly important as the size of the 
sign repertoire increases because the 
greater the number of distinctively 
different cues inherent within the 
situation, the easier it becomes for the 
chimpanzee to recall the proper 
sign, 

A review of the Gardners’ descrip¬ 
tions of Washoe’s sign usage and their 
descriptions of her errors and com¬ 
binations supports this conclusion. 
For example, the Gardners note that 
the “hurt” sign “can be elicited by” 
the displaying of cuts and bruises; the 
“cover” sign is elicited by “games in 
which Washoe covers herself”; the 
“spin” sign occurs when “persons.., 
whirl as in dancing," and so on (p. 

■ 147-57). All of .these stimuli are 
highly distinct contextual multicue 
situations. The Gardners also point 
out that errors tend to occur “within 
meaningful groups.” For instance, the 
sign hurry occurs “during meal 
preparation when the experimenters 
have a food Washoe desires”; the sign 
sweet “occurred when the experi¬ 
menter had soda pop or other desir¬ 
able drinks." In both instances, the 
experimenters had a highly desirable 
food, which Washoe wanted to eat. 
Under these circumstances, combi¬ 
nations such as “hurry sweet drink” 


(p. 167) would be expected because of 
this common salient cue. 

The contextual distinctiveness that 
is built into the Gardners’ work with 
Washoe is intentionally absent in 
Premack’s work with Sarah, and 
therefore the basic learning task re¬ 
quired by Premack differs from that 
required by the Gardners in several 
ways. First, in the paradigm used by 
Premack, Sarah is required to re¬ 
spond (by symbol selection) not to the 
act or actions of a human being but 
only to the onset of a given display. 
While this may seem at first glance to 
he an unimportant distinction, it is 
actually a consideration that is basic 
to the very process of interindividual 
symbolic communication or language. 
The door, which is always present in 
Washoe’s environment, only becomes 
part of the communicative context 
when people or chimpanzees point to 
the door handle, look out the window 
of the door, point toward the outside, 
etc. In Sarah’s case, by contrast, the 
stimulus is not typically present at 
any time other than when she is pre¬ 
sented a plastic-token selection 
problem. The salient cue for the se¬ 
lection of a given token is the onset of 
a given chip display, not the gestural 
behavior of a human experimenter. 

Although it is true that the different 
behaviors of the human experimenter 
and the changes in the physical en¬ 
vironment (such as the presence of an 
apple) can both be viewed simply as 


discriminative stimuli, this argument 
misses the main point. The discrimi¬ 
nations must be between the behav¬ 
iors of individuals if they are to be 
perceived by the participants as 
communicative. At the very least, it is 
reasonable to assume that the chim¬ 
panzee Washoe could perceive the 
determinants of her choice of sign as 
the behaviors of the experimenter 
who stood by the door, not the static 
presence or appearance of an apple 
and plastic tokens on her display 
board. Sarah’s symbol selection, 
however, would be perceived as de¬ 
pendent upon inanimate external 
states of affairs. 

Does this difference in perception 
really matter? If the issue is language 
then the answer is yes, it does matter, 1 
for it is pointless for an organism to 
employ a symbol to communicate 
with its inanimate environment. Even 
if a gesture or symbol does not rep¬ 
resent the item suggested by the En¬ 
glish gloss, it still must be viewed as 
functionally altering the behavior of 
another animate being or it will not be 
deemed communicative by the user. 
This is why linguistically competent 
human beings who were given Sarahs 
tasks did not realize that the plastic 
chips functioned as linguistic indi¬ 
cators (Premack 1978). 

Another major difference in Pre- 
mack's training paradigm is that the 
behavior of Sarah herself played a 
relatively minor role in determining 
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what sort of successive conditioned only simple structured stimulus dis- may be summarized as involving (1) 
discrimination would be presented, or plays; (4) only dichotomous response frequent spontaneous choice or use of 
indeed whether one would be pre- choices; and (5) no rewards other than symbols (like Washoe); (2) the use of 
sented at all. Washoe, however, could food. Washoe’s successive discrimi- gestural indicators to coordinate the 
make attempts to go outdoors, to nations involved (1) frequent spon- attention of the ape and the expert 
tickle the experimenter, to take food, taneous choice of and use of symbols; ments; (3) both multiple unstruo 
etc., thereby permitting the experi- (2) regular nonverbal gestural coor- tured complex environmental situu- 
menter to infer that Washoe would dination of attention; (3) multiple tions (like Washoe) and simple 
like to engage in such an activity and unstructured complex environmental structured stimulus displays (like 
to structure the situation in order to situations; (4) numerous response Sarah); (4) numerous response 
elicit a sign. Sarah could do none of choices; and (5) various rewards. . choices; and (5) a wide variety of re 
these things. She simply remained in wards (like Washoe). Unlike either 

her cage and, when she was presented What of Lana? The basic training Washoe’s or Sarah’s, Lana’s response 
with a problem and made the correct paradigm of the earlier projects, with alternatives were composed of ah- 
choice, she was given something to a few minor modifications, can be said stract recombined elements. Her so- 
eat. Thus, even at a nonverbal level, to apply to her initial symbol acqui- cial environment was neither as var 
she was prevented from communi- sition. Initially, just as with Sarah, the led as Washoe’s nor as restricted as 
eating her desires to tickle or to go out training situation was structured Sarah’s, and, unlike Washoe or Sarah, 
because she was prevented from en- around obtaining food. But just as the she could use symbol production to 
gaging in behaviors to suggest these doors were ever-present in Washoe’s produce environmental change re¬ 
activities. case, the various food dispensers were gardless of whether or not a human 

ever-present in Lana’s case. Lana’s being was present. 

The third major difference in the nonverbal behavior like Washoe’s, 
successive discrimination paradigms communicated the basic message 
usedbytheGardnersandPremackis Lana would like some juice M&M s, 
the number of response alternatives, bckling, Like Sarah, Lana was 
Theoretically, Washoe, who was free redmred to select ( 110t iorm ) a s y m ' At some point in their training, both 
to form any gesture with her hands, bol > but > llke Washoe, her choice re- L ana anc j Washoe began to use their 
always had all known signs to choose J be corract symbol (or set of communication systems to control 

from in selecting a response. Gener- symbols) generally was made from all an( j regulate the behavior of their 
ally, however, Sarah was given only known symbols, not.from justtwoor human experimenters. In other 
two nonredundant alternatives (yes/ ^ ire ® > ei ^ be ^ , . sboe or words, the order of the conditioned 

no, same/different, round/square, Sarah, Lana used symbols that were discrimination paradigm described 
etc.). It is probable that Washoe did formed 7 recombining 1,2, or more earlier was reversed, and thus it wuk 
not recall all of her known signs at all of 9 S ra P hlc elements, just as English not always the human beings who 
times, particularly since the sip- words are wntten b ? recombining 1, airan g e d the contingencies to elicit 

acquisition criterion was weak, but it 2 > or more of 26 alphabetic elements, the signs or lexigrams. The ape began 

is reasonable to assume that on any Lhus Lana, unlike Washoe or Sarah, to arrange the contingencies and to 
given occasion, her possible number was forced to attend to each element pro duce the signs or lexigrams in 
of response alternatives was consid- ^thin ^ be stimulus complex, not just order to establish predictable situu • 
erably greater than two. The limited the overall form. tions in which the experimenter 

number of alternatives available to . would provide food, outings, or other 

Sarah made it unnecessary for her to Following the initial training with desirable events. At this point, pre; 
organize her potential responses in M&Ms and juice, additional succes- linguistic intentional communication 
any systematic fashion. Symbols from sive conditioned discriminations were emerges. The same sort of emergence 
the appropriate category of responses learned that allowed Lana to go out- of communicative intent has been 

(form, edible, color, etc.) were se- side, to watch movies, to be carried, to reported for human infants at about 

lected for her. Thus, errors within be tickled and groomed, etc. Lana was nine months ofage (Clark 1978). It w 

categories-say, confusing red and then taught a series of more struc- important to note that no behaviors 
Mue—reflected neither an internal tured tasks, such as giving the names of this sort are reported for Sarah, 
categorization schema—such as and colors of objects. In this training, 

color-nor error responses to similar only the object or its color varied, According to Bates (1976) and Clark 
discriminative cues. They reflected while the rest of the training task, (1978), prelinguistic intentional 
only the limited choices available to including the keyboard display, re- communication appears m the human 
Sarah. Since Sarah always worked on mained constant. This task was sim- infant when actions become modi! kk! 
a single task in any given test situa- ilar to those typically encountered by and ritualized so that they can sew 
tion, it is difficult to see how she could Sarah, with two exceptions: Lana was as communicators. This enables tin* 
come to form the categorical semantic required to give either the color or the infant to act upon its environment 
concepts Premack attributes to her. name of an object, or both; and all indirectly by mediating, throng 1 
color and name lexigrams were gestures, the behaviors of others. 
In summary, Sarah’s successive dis- available, as well as all the objects Prior to this time the infant is only 
criminations allowed for (1) no themselves. The object to be de- able to act upon the environment di- 
spontaneous choice or use of symbols; scribed at any given time was indi- rectly, by means of his own actions 
(2) no gestural indicators (such as cated by gestures of the trainer. As these modes of structured in <t 
pointing) to coordinate the attention individual (or in Clark’s terminology 

of the ape and the experimenter; (3) Thus, Lana’s basic training paradigm mtermental) interaction become m 
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musingly ordered, and as the infant 
forma expectations regarding his role 
and the roles to be played by others in 
such exchanges, he moves from the 
realm of passive respondent into that 
of intentional communicator. 

In Clark’s study of mother-infant 
giving and taking, he found that in¬ 
fants initially hold their hand out 
only when they are preparing to grasp 
an object that the mother is in the 
process of offering. But these taking 
and giving interactions become more 
predictable to both parties, and they 
undergo a ritualkation in which the 
reaching action of the infant comes to 
antedate the offering action of the 
mother. When this occurs, actions 
stop being simple responses and begin 
to serve as functional communicators 
that are capable of directing and 
controlling the-actions .of others. 

With this newly acquired skill, the 
human‘infant or the chimpanzee de¬ 
velops an ever-increasing awareness 
of the function of gestures and glances 
in the coordination of interindividual 
behaviors. Through repeated inter¬ 
changes the chimpanzee’s role be¬ 
comes defined as that of selecting a 
sign or lexigram while the human 
experimenter’s role becomes defined 
as the performance of the associated 
action, such as opening the door, 
giving food, or tickling. Thus, the 
lexigram or the sign becomes a be¬ 
havior to be produced when the 
chimpanzee wants a'certain act to he 
performed by the human being. The 
intent and expectancy is evident be¬ 
cause when the human being fails to 
respond appropriately, the sign or 
lexigram and other associated ads are 
repeated, along with attempts to gain 
eye contact. The same is true of the 
human child as he begins to hold out 
his hand to request objects: the ges¬ 
ture persists and is elaborated if the 
mother is inattentive. Burlier it would 
simply have been terminated. 

Gestures such as these do not really 
serve to convey information about 
what should be done, but rather, serve 
to denote that the initiator of the 

gesture desires that it he done. it 

being whatever is obvious given the 
context. Thus, if Washoe approaches 
the door and tries to pull it open and 
then signs open (or vice versa), the 
arrested opening action defines the 
meaning of the gesture. The open sign 
(an opening-action movement) is the 
communicative gesture that, hy virtue 
of repeated interaction sequences of 
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this sort, becomes a portion <» 
Washoe’s role (or part to play) m this 

context. The act. (»f opening the ilonr 

in response to the sign is the human 
experimenter’s role, However, open 
as a sign does not refer to the stat e oi 
the door, nor can it he used to com¬ 
municate information about the door 
once the act of opening has occurred. 
Open, therefore, serves no referential 
or representational lundion out oi 
context. It does not conceptually 
single out an action and make it 
available for arbitrary cognitive ac¬ 
tivity as names eventually do in 
human children (I’ylyshyn 19 u ). 

Washoe’s vocabulary can be viewed as 
composed of two types oi signs 
those which function as contextually 
embedded prelinguistic communi¬ 
cators (open, tickle, come, gimme, 
etc.) and those which function as 
learned item-sign associations (hut, 
flower, pants, shoe, etc.). Because the 
Gardners do not distinguish between 
the ability to label items such as 
flowers and pants and the ability In 
sign a request such as “open” when a 
door needs opening, they presume 
that Washoe can use all of her signs to 
perform the semantic functions of 
both labeling and requesting. How 
ever, the signs used for labeling 
(pants, flower, shoes) do not typically 
occur in spontaneous requests. 

The Gardners (1971) report that the 
following signs were the most com* 
monly used hy Washoe when making 
spontaneous requests; enme-gimme, 
please you, pa, me, hurry, more , up, 
open, out, in, and food, All of these 
signs are appropriate to the two must 
common request situations eating 
or changing location. There are, 
among these spontaneous request 
signs, no labels of specific objects. 
Although food might be viewed as n 
label of a general class of objects, 
there is no clear evidence that 
Washoe could use this sign to label 
food if not permitted to eat. It ap¬ 
pears that Washoe could select a sign 
when an object was displayed and 
that she could select n sign or group of 
signs to he performed when she 
wished to tickle, eat, go out of doors, 
or be held. However, no evidence in¬ 
dicates that she could interchange 
these semantic functions. 

Because many of these signs become 
part of predictable contextual situa¬ 
tions that involve sequences and or¬ 
dered means of acting and coopera¬ 
ting between individuals, they come 


to servo ho function of signaling 
turns and rulis---i.e. f of interindi- 
vidua! behavioral structuring, at a 
presyinhahc level. However, as long at 
such signs continue to be closely 
linked to null ext unci to derive their 
inherent meaning from the nature of 
the cniiiext it sell unci as long as they; 
continue to serve a severely limited 
semantic timet ion -labeling for soiw 
signs and requesting f or others- 
representational function cannot h 
achieved. 

Lmiasvofulmlary, like Washoe’s, was 
composed of two types of lexigram 
those used for requesting things (you, 
pipe, Tim . Lana, blanket, juice, chm, 
«lc.) and those used for labeling 
things (hotel, bux , a-hoe, etc.). How 
ever, unlike Washoe, Lana was taught 
to label Home (though not all) of the 
things she requested. She was re¬ 
quired, for example, to label examples 
and slides of M&Ms, juice, beancake 
milk, apple, orange, banana, chow, 
and cabbage wit hou t being allowed to 
eat these items (in this blind food 
naming lest, Lima gave 61 correct 
answers out of a possible 65, fora 
success rate of 94%). She could also 
request these items if they were of¬ 
fered by the experimenter. Other 
lexigram* such hh Tim , put, give, and 
ymi were used only in request con¬ 
texts. while lexigrams such as box, 
In mi ami keyboard were used only 
when Lima was asked to label these 
items. Luna’tf basic requests were 
similar to Washoe’s in that they cen¬ 
tered around the situations of eating, 
chitigittg location, tickling, anil 
hugging or contact. But the context 
for lexigram production was relatively 
similar across situations for Lana, and 
she produced t he requests ?you mak 
door Open, fwu give juice to Lam, 
fLntm in ore out of roam, or ? You tic¬ 
kle hum, all in one location. Because 
of this, Hu* contextual embedding 
shown by Lima differed somewhat 
from that shown hy Washoe. 

Lana tended to initiate certain types 
of requests m certain times of the day. 
For example, she generally received 
milk in the morning; when she began 
to request milk spontaneously (that 
is, without first seeing Tim in fronted 
her room with a pitcher of milk) she 
embedded these requests in time,: 
typically limiting them to early, 

m«»ming after Tim’s arrival. Because 
Imnadklmithavethe^sicalf^ 
dumlto^permittedWMhoe^ 
could mil structure contexts M 

fly. She often had to get the ex P« r| tj 


menter to look at the projectors and 
to move into the room before she 
could engage in a nonverbal tickle 
invitation such as that described for 
Washoe. 

Lana began projecting partial sen¬ 
tences such as ?you give, leaving the 
termination in abeyance until she 
could get the experimenter’s atten¬ 
tion. She tried unusual combinations 
of lexigrams, seemingly in order to 
catch the experimenter’s interest. 
Combinations that were successful 
were remembered and used on other 
occasions. She readily learned to form 
requests that would cause people to 
move about in space. However, she 
could not use, any more than could 
Washoe, a preposition such as out to 
describe the state of an individual or 
object. Out was a word to be used 
when Lana wanted another individ¬ 
ual to move “out.” If a bowl of chow 
was placed outside her room and she 
was asked “?where bowl,” her re¬ 
sponses were at chance. 

Both Lana and Washoe, then, pro¬ 
duced numerous and varied sponta¬ 
neous requests. The emergence of 
these requests was most surely 
shaped by three important facts. 
First, the medium of communication 
(signs and keyboard) was available at 
all times for structuring interactions 
with their experimenters. Second, the 
experimenters behaved as though 
they attributed intent to behaviors 
where it did not necessarily exist 
originally (the same is true of human 
mothers and is thought by many to be 
an important factor enabling the in¬ 
fant to move from action-reaction to 
gestural indication). Third, the in¬ 
terindividual nature of the learning 
paradigm employed in the Lana and 
Washoe projects allowed roles to be 
formed within structured interaction 
routines. By contrast, Premack’s 
Sarah did not have her symbols 
readily available, the experimenters 
interpreted her selection of symbols 
not as communications but rather as 
correct or incorrect responses, and 
Sarah’s symbol manipulation served 
not to alter the behavior of compan¬ 
ions but to produce either a rein¬ 
forcement or another trial. 

True symbolization 

We see true symbolization as the use 
of arbitrary symbols to refer to 
objects and events that are removed 
in time and space. This implies “a 
view of the outside world as separable 


into things which maintain their 
identity and which can be manipu¬ 
lated in the mind, so that even actions 
and properties are reified into words” 
(Bronowski and Bellugi 1970). The 
ability to use symbolization appears 
in the normal human child about 1 to 
3 months after the primitive stage 
during which the referents for words 
are unclear, or at best extremely glo¬ 
bal, and are more appropriately 
termed pure performatives (Green¬ 
field 1976; Braunwald 1978; Bruner 
1978). 

Braunwald (1978) studied the devel¬ 
opment of her child’s speech during 
the period of transition from con¬ 
text-linked speech to representa¬ 
tional speech. She recorded all ut¬ 
terances and their nonlinguistic con¬ 
texts between 8 and 20 months of age. 
During the prerepresentational pe¬ 
riod, her daughter Laura employed a 
number of single-syllable words in a 
wide variety of contexts. Braunwald 
notes that what was missing from 
Laura’s utterances during this period 
were the arbitrary, culturally defined 
linguistic and social conventions for 
encoding objects and events by means 
of particular utterances, although 
utterances were used to form inten¬ 
tional requests. 

Laura initially used the word ha in all 
the following ways: when she wanted 
milk, juice, or any liquid in a cup; 
when she saw her mother carrying a 
milk bottle; when she wanted to play 
with the milk bottle lid; when she had 
finished drinking and her cup was 
empty; when blowing bubbles in her 
drink; when looking at a milk carton; 
when drinking milk; when spilling 
milk; when milk was poured; when 
her mother put cups on the table; and 
when she wanted more to drink. Ba 
seemed to refer to water, cup, juice, 
more, all gone, pour, drink, cup,, 
bubble, bottle, carton, and good taste, 
as well as milk. It was used in situa¬ 
tions where the linguistic intent 
seemed to be to describe or comment 
upon as well as to request. 

Within a few months, the words 
straw, blow, all gone, cold, cup, bottle, 
bubble, more, pour, spill, Laura, do, 
drink, and juice all appeared and 
were employed in contexts where 
before only ba was uttered. For ex¬ 
ample, when Laura spilled her milk at 
1 year, 4 months, and 1 day, she said 
“Bye-bye ba. Un-unba.” When at 1 
year, 7 months, and 28 days she again 
spilled her milk, she said “Laura spill 


milk.” Thus, in the human child at 
the prerepresentational stage, there 
exists a vocal marking of a wide van • 
ety of situations with a single vocal 
element. Later, different words are 
used for different situations, and in ¬ 
creasingly detailed aspects of the 
same situations become encoded 
verbally. 

By the time Laura was 1 year and 7 
months old, she was uttering 1 phrase* 
such as “pretty Nestor cup,” “Laura 
spill milk,” “cold milk,” “all gone,” 
“Mama straw blow,” “pour juice,” 
and “Laura do,” all in contexts where 
her only previous utterance had been 
“ba.” These utterances, all within the 
feeding context, are quite different 
from those which have been reported 
for apes in a similar context (Laidler 
1978). For example, Terrace and bin 
colleagues (in press) report that Nim, 
in the context of feeding, formed ut¬ 
terances such as “eat me,” “drink 
Nim,” “eat drink,” “banana me,” “ten 
drink,” “grape eat,” “eat me Nim,” 
and “grape eat Nim.” All of Nimn 
utterances were essentially requests. 
By contrast, Laura commented on tin- 
attributes of eating utensils, her own 
actions of spilling and her mother's 
actions of pouring, the attributes of 
the food she was eating, the imple¬ 
ments used by her mother, and the 
state of having consumed all her milk. 
Comments of this sort are not found 
in any linguistic productions of 
chimpanzees. This is a dramatic and 
significant difference between symbol 
use in children and in chimpanzees, 
and it is obvious even at the earliest 
stages of language acquisition. 

The vocabularies and symbol use of 
Nim, Washoe, and Lana suggest that 
chimpanzees tend to use symbols 
when making nonspecific requests for 
contact, play, food, and change of hi • 
cation. But as the human experi 
menters attempt to teach symbols 
denoting more specific attributes of 
each of these situations (who is eating, 
what they are eating, the differences 
between eating and drinking, the act 
of transferring food from one indi¬ 
vidual to another, the pace of the 
transfer, etc.), the ape has difficulty 
comprehending the referentsof these 
symbols and in understanding why 
the use of these additional symbols is 
now required in order to obtain food- 

Because of this comprehensiondiffi¬ 
culty, the chimpanzees begin to chain 
together all symbols that have been 
appropriate in previously similar 
situations, and combinations such a* 
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“give orange me give eat orange rae 
eat orange give me eat orange give me 
you” appear (Terrace et al., in 
press). 

In fact, signs such as you, me, and 
give are correct in virtually all the 
contexts in which the ape might use 
them, and any occurrence of them 
would probably be encouraged by the 
experimenters. One or more of these 
generally appropriate signs (you, me, 
more , give, and the chimp’s own 
name) combined with other signs will 
produce what seem to be meaningful 
combinations, but these combina¬ 
tions lack the referential specificity of 
children’s combinations. The data on 
spontaneous requests from both 
Washoe and Nim support the view 
that the apes are using certain words 
more as “free cards” than as syntactic 
elements. For example, 17 of Nim’s 25 
most frequent 2-sign combinations 
contained 1 or more such words 
(Terrace et al., in press). 

Another indication that apes may not 
understand the symbolic communi¬ 
cative significance of the symbols 
they have learned to use is that at no 
point do they begin to engage in con¬ 
versational turn-taking. Conversa¬ 
tionlike vocal turn-taking between 
mothers and infants is reported to 
follow the onset of babbling. Terrace 
(1979) notes that Nim did not engage 
in similar turn-taking, even after 46 
months of constant sign training. He 
interrupted his teachers frequently, 
appearing anxious to produce either 
a sign he had seen them produce, or a 
flurry of signs, in an attempt to get 
food. Although this was not obvious 
to Nim’s trainers while they were 
working with him, it became obvious 
as taped sessions with Nim were 
studied closely. Similar interruptions 
were seen by Terrace in films of 
Washoe and Koko. This type of in¬ 
terruption stands in direct contrast to 
early child-adult exchanges. The 
human child, unlike the chimpanzee, 
makes attempts to gain attention 
prior to an utterance in order to 
highlight the fact that an important 
signal is about to be emitted and to 
establish the expectancy that the ut¬ 
terance of this signal is to be met with 
an alteration of ongoing behavior. 

Apes, then, like children, learn to use 
symbols as part of social-interaction 
routines. They are able to discern 
various sets of circumstances in which 
the production of particular symbols 


is deemed appropriate and results in 
obtaining a goal. They, like children, 
also learn to initiate these social in¬ 
teraction routines by producing 
symbols. Unlike children, however, 
apes do not seem to have moved be¬ 
yond this point. To date, there is no 
evidence that Washoe, Sarah, Lana, 
Koko, or Nim achieved symbolization 
proper. 

In fact, most ape-language studies 
have not really gone beyond the basic 
communicative level of the chim¬ 
panzee. In the wild, chimpanzees do 
have a natural gestural communica¬ 
tion system, through which they can 
seek reassurance; ask for permission 
to take a bit of food; and initiate 
tickling, chasing, grooming, and sex¬ 
ual interactions. Chimpanzee moth¬ 
ers can indicate gesturally that others 
should stay away from their infants, 
and any individual can gesturally so¬ 
licit aid from another during aggres¬ 
sive encounters. But these gestures 
are limited to social interactions, and 
none of the gestures conveys infor¬ 
mation about behaviors related to 
anything not immediately present. 
No wild chimpanzee has been ob¬ 
served to indicate gesturally an action 
it would like another chimpanzee to 
perform upon an inanimate object for 
its benefit. It is precisely such 
object-directed requests that form the 
majority of early mother-child lin¬ 
guistic interchanges (Bruner 1978). 

While experimenters have been able 
to teach apes to gesture or use sym¬ 
bols to initiate such interactions as 
tickling, grooming, or hugging, these 
gestures or symbols have merely 
served to replace or accompany non¬ 
verbal gestures the chimpanzee would 
otherwise employ. The attempts to 
gain specificity of referent within a 
situation have resulted in the simple 
stringing of symbols as the chimpan¬ 
zee has learned more symbols for 
what to him is the same general con¬ 
textual situation. Because of this, 
chimpanzees have tended to form 
five- and six-word utterances such as 
you me sweet drink give me, while 
children form six-word utterances 
such as Johnny’s mother poured me 
some Kool-Aid. Chimpanzees have 
used symbols only as indicators of 
desired food transfer, while children 
readily encode and describe a variety 
of aspects of past occurrences, Thus, 
it appears that chimpanzees, even 
with intensive linguistic training, 
have remained at the level of com¬ 


munication they are endowed witb 
naturally—the ability to indicate, in 
a general fashion, that they desire 
another to perform an action upon oi 
for them when there exists a single 
unambiguous referent. 

To be sure, ape-language studies ma; 
have failed to achieve symbolizatior 
proper partly because they have 
concentrated almost exclusively or 
production . Washoe, Lana, and Nin 
all received regular naming drills, bu: 
none was required to demonstrate 
equal receptive competence. The 
simple giving of an item in response % 
a symbolic request requires that tin 
ape move beyond the ritualized per¬ 
formance of given symbols for par¬ 
ticular goals. It requires that the apt 
attend to and coordinate its behavior: 
toward objects in accordance with the 
symbolically expressed wishes oi 
others. This implies both a concep¬ 
tual orientation alien to the apeV 
natural level of communication and 
an alien social orientation. Coopera¬ 
ting, attending to, and giving specific 
objects from a set, each upon sym¬ 
bolic request, are not behaviors nor¬ 
mally found in apes. Thus, to the ex¬ 
tent that the receptive half of symbol 
use is important to the emergence oi 
symbolization proper, this skill must 
also be taught to apes, Furthermore, 
it is not only symbol recognition that 
is involved, but an elaborate object¬ 
giving complex that must be devel¬ 
oped with a social framework alien to 
the chimpanzee in its natural state. 
The lack of attention to such skills 
may have greatly hindered the apes' 
comprehension of the symbols they 
have been reported to employ. 

Moreover, in the majority of ape- 
language work, the gestures or sym¬ 
bols have generally conveyed no more 
information than that which was 
given by the context and the nonver¬ 
bal actions of the participants, Only 
when a symbol is used to convey in¬ 
formation about specific foods or 
objects or to refer to absent food or 
objects does its information value add 
to that already inherent in the inter¬ 
action context. We believe that 
Sherman and Austin are the only apes 
for whom the ability to use symbols: 
this way has been demonstrated. 
(Savage-Rumbaugh etal. 1978 a, b).. 

Ape-language researchers must not 
be content with describing what apes 
say. They must look at the entire 
nonverbal context, and they must 
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evaluate the informative value of 
symbols per se. This will require 
permanent video documentation of 
all aspects of training and testing. 
The complexity of interpreting and 
recording, in any other way, all rele¬ 
vant aspects of the behaviors and 
tasks defies the limits of check sheets 
and tape recorders. Methods of in¬ 
vestigating the semantics of various 
symbol productions and the sociobe- 
havioral linguistic conditions therein 
must be developed. Experimenters 
must stop looking for superficial 
similarities between apes and chil¬ 
dren and must instead investigate the 
cognitive competencies that underlie 
symbolic processes. 
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W. K. Estes 


Is Human Memory Obsolete? 

Comparisons of computer mmnry with the picture 
of human memory merging from psychological 
research suggest basicdifferences in modes of 
operation, with little likelihood that me can replace 
the other 


Will memory continue to be consid¬ 
ered an indispensable ingredient of 
human ability to solve problems, 
comprehend the environment, and in 
general function intelligently? That 
there is room for uncertainty about 
tint answer to this question is sug¬ 
gested by a recent analogous devel¬ 
opment: the precipitous decline in the 
importance attached to human cal¬ 
culating skills with the advent of the 
inexpensive pocket electronic calcu¬ 
lator, With regard to memory, tech¬ 
nological developments have been 
even more spectacular, Computer 
memories based on relays have been 
successively replaced by those using 
transistors, then integrated circuits, 
and perhaps next magnetic “bubble’' 
memories, with ever larger capacities 
and incredibly short retrieval times 
(Rajchman 1977). At the same time, 
like calculators, computers are be¬ 
coming smaller and cheaper, so that 
a computer for desktop or even 
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briefcase is now within the means ol 
many households, Here I wish not so 
much to try to answer the question oi 
whether computers might he nearly 
ready to take over another human 
mental function as to use this ques¬ 
tion to point up what is currently 
known about the operating charac¬ 
teristics of human memory as op¬ 
posed to computer memory, 

1 shall limit my attention principally 
to what is called “short-term memo¬ 
ry” (see, for example, Murdock 

1974 ).that is, memory for recent 

events or episodes and for newly 
learned associations of the kinds 
tapped in many psychological and 
neurological tests as well as in most 
laboratory research on memory from 
Ebbinghatis to the present. Memory 
in this sense is both an important and 
a vulnerable component oi our intel¬ 
lectual apparatus. The short-term 
memory system is important because 
it must maintain in an active state the 
items of information, rules, and al¬ 
gorithms required for almost any kind 
of problem-solving hence the term 
“working memory” (Haddeley 1976). 
And it can be characterized as vul¬ 
nerable because it is known to he 
especially susceptible to impairment 
by neurological, disorders, drugs, or 
simple aging. 

Given this vulnerability, the question 
of whether the functions of human 
short-term memory could be taken 
over by computers is more than aca¬ 
demic, The answer must necessarily 
depend not only on the technical de¬ 
velopment of computers but on our 
understanding of the system to be 
replaced, In order to gain some per¬ 
spective on these issues, let us take it 
look at computer memory and human 
memory from the standpoint of an 
epglpeer concerned with the operat¬ 


ing propert ies of each and with the 
parallelism or lack of parallelism of 
these properties that would be critical 
to any consideration of replacing ot 
system with the other. 

Functional properties 

{’umparisons of the structural anl 
fimciiomd properties of compute 
memory and human memory have 
been attempted often over the yean 
usually by computer scientists rathci 
than psychologists; but there has 
been m asymmetry in that engi¬ 
neering specifications for the com 
jiuler memory are readily supplied 
whereas corresponding parametersd. 
human memory have been largelj 
unknown. A computer memory typi¬ 
cally consists of two principal com¬ 
ponents: a core memory, whose m 
tents arc very readily available 1 
enter into logical or arithmetic^ 
computations, and a larger reservoii 
of stored information, or “mass stor¬ 
age," usually residing on magnate 
tapes or disks, which may be needei 
at times hut is not so readily accent 
hie, In a well-known and widely re¬ 
printed paper, Kemeny (1955) gavei 
capacity of ID* 5 hits of informations 
typical tiT a core memory and com 
mtmted that he would not expert 
computer core memories to get 
I,Jr liM-nuae of the P*“ bl .ew J 

*pw(i ofnmwK. I think that with* 
advent of intesrated cncuite this f* 
ure could be mined somewhat, bu» 
instill mprewntative. Random,acc» 
tunny element in the cor ® 
extremely rapid by hunnm stands* 

an item uf information bmng ac^ 

sible in « single mxcrosecorid or ev« 
less The mane storage is virtual^ 

I- . I , fl nflcitv but access i 
unlimited in capac:icy , f 

much slower, an item . 

in erne of the usual configuraUons| 
(juiringebout 1,000 Msec to retnef? 


A good deal of research, most of it 
accomplished since Kemeny’s paper, 
shows human memory similarly to be 
organized into two principal compo¬ 
nents (Atkinson and Shiffrin 1968; 
Craik and Levy 1976). The first of 
these, commonly referred to as 
short-term or primary memory, is 
presumed to have a very small ca¬ 
pacity, retaining for a brief interval 
perhaps half a dozen items such as 
digits or words or the equivalent in 
information about a single visual 
scene (Miller 1956). The second 
component, called long-term or sec¬ 
ondary memory, constitutes both 
memory for episodes from past ex¬ 
perience and organized knowledge 
about language, the world, and the 
like. Its capacity is relatively large, 
perhaps comparable to that of the 
memory of a sizable computer. Ke- 
meny estimates this capacity to be on 
the order of 10 8 bits of information, 
basing his figure not on research but 
on the idea that sensory patterns can 
be perceived at the rate of several per 
second and that all of the patterns 
perceived during every waking hour 
of a person’s life reside permanently 
in the long-term memory system. 

Although there is some room for 
skepticism about Kemeny’s estimate, 
there is no reason to doubt that the 
capacity of the long-term memory is 
large, running at least to many mil¬ 
lions of bits of information. Exactly 
how large the long-term memory 
might be is probably an unimportant 
question, because it seems sure that 
the speed of access to items in human 
memory is so slow compared to that 
of the computer that, even if the 
memory store were as large as some 
people have imagined, most of it 
would be useless because there would 
never be time to retrieve more than a 
very small part. 

Human retrieval times 

In order to proceed toward a more 
specific idea of the interchangeability 
of human and computer memories, 
we need to replace the very crude 
characterizations of retrieval time for 
human memory as “slow” or “very 
slow” with estimates of actual times. 
The fact that we can now do this is 
one of the major breakthroughs of the 
last ten years of research in this 


Figure 1 illustrates some of the results 
of the body of research addressed to 


3,000r- 1 — 
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retrieval time = 180 msec 


Figure 1. Graphs show reaction times for re¬ 
calling numbers arbitrarily paired with words 
after these associations had previously been 
thoroughly mastered. Six such associations 
were tested at the left, 24 on the right. The base 
times were established by presenting the 
numbers on a screen and asking the subjects to 
type them as fast as they could read them. The 
difference between the time required to give 
the associative responses and the time required 


the problem of estimating retrieval 
time for items stored in human long¬ 
term memory (Estes and Horst 1968). 
The basic procedure here was simple: 
subjects were given some items of 
information to remember and were 
then tested for their ability to recall 
these items; the time required for the 
recall was measured. In preparation 
for the measurements of reaction 
times recorded here the subjects were 
asked to memorize a number of new 
associations, 6 in the case of the data 
shown on the left and 24 for the data 
shown on the right. These associa¬ 
tions consisted of arbitrary pairings 
of words and numbers, for example, 
the word “room” and the number 62. 
After the subjects had thoroughly 
mastered these associations they were 
given daily sessions in which they 
were simply tested for their ability to 
produce the appropriate number 
when presented with any one of the 
words. The reaction time was defined 
as the period elapsing between the 
presentation of the word and the be¬ 
ginning of the subject’s response of 
typing out the number on a key¬ 
board. 

It will be seen that even after learning 
had been so thoroughly accomplished 
that errors were no longer occurring 
(Day 1 on the graph), the time re- 



retrieval time = 190 msec 


1 2 3 4 5 6 7 II 

Day of testing 

simply to read and type the numbers provides 
an estimate of the time required to retrieve nti 
association from the long-term memory, a little 
under 200 msec in the final days of the experi¬ 
ment. This final level of reaction time is a hit 
higher for the longer list, but so is the base tini e, 
indicating that retrieval time is almost inde 
pendent of list length. (From Estes and Horsl 
1968.) : 


quired to give a response was really 
quite long, on the order of 2 to 3 sec¬ 
onds. Over several successive daya of 
further concentrated practice, these 
reaction times decreased and seemed 
to level off at a value of 1,100 msec. 
Now we can’t, to be sure, take 1,100 
msec as an accurate estimate of the 
time required for the mental process 
of retrieving the association, since it 
includes also the time required both 
to read the stimulus word and to ini¬ 
tiate the overt response of operating 
a key. 

Therefore, following a line of rea¬ 
soning suggested some hundred yearn 
ago by the Dutch physiologist Don- 
ders (see Woodworth 1938), we car¬ 
ried out a control procedure in which 
we simply presented the numbers in 
question on a display screen anti 
asked the subjects to type them m 
fast as they could read them. As 
shown by the base times in Figure 1* 
about 950 msec were required to 
make these responses, The difference 
between these values and the times 
required to give the associative re¬ 
sponses is taken as an estimate of the 
time required for the mental opera¬ 
tion of retrieving a newly learned an 
sociation, and proves to be just a little 
under 200 msec. This value agree* 
quite well with Sabol and DeRosa"* 
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estimate (1976) of about 180 msec to 
identify and retrieve the meaning of 
a word, which was obtained by a dif¬ 
ferent method. Since in ordinary life 
people rarely have so much concen¬ 
trated practice on a small set of as¬ 
sociations, we can probably conclude 
that these estimates are fairly near 
minimal and that retrieval times for 
most of the items in a human memory 
would be rather longer, running up to 
at least half a second or a second. 

Presumably one of the reasons it is 
advantageous for a human being or 
other organism, in contrast to a com¬ 
puter, to have a separate short-term 
memory system is that items cur¬ 
rently available in this subsystem 
may be retrieved more quickly than 
the much larger number of items in 
long-term memory. Verification of 
this supposition has not been easy, 
however. In a type of experiment that 
has generally been considered rele¬ 
vant, the high-speed “short-term 
memory scanning” task originated by 
Sternberg (1966), the procedure is to 
present a subject with a small number 
of items, usually digits or letters, in a 
random sequence (these being con¬ 
sidered the “memory set”). Shortly 
afterwards a “probe" item is intro¬ 
duced, which may or may not be a 
member of the set just presented, 
these cases being denoted “positive” 
and “negative” trials, respectively. 
The subject’s task is to respond to the 
probe as quickly as possible by indi¬ 
cating whether or not it was included 
in the memory set. The reaction time 
for this response is presumed to in¬ 
clude the retrieval time for items 
currently held in short-term memory 
together with the time required for 
encoding the probe and executing the 
response. 

The slope of the function obtained 
when mean reaction time is plotted 
against size of the memory set has 
been taken to measure the combined 
retrieval and comparison time per 
item. Sternberg (1966) obtained an 
estimate of about 38 msec per char¬ 
acter for retrieval plus comparison 
time using this technique, and sub¬ 
sequent studies have yielded figures 
in fairly close agreement. 

With the idea of separating retrieval 
from comparison time, I contrived the 
following variation on the Sternberg 
procedure. In an experiment con¬ 
ducted in my laboratory, half the 
trials administered to subjects fol¬ 


lowed the traditional Sternberg pro¬ 
cedure. A memory set consisting of 1, 
2,3, or 4 letters was shown, with the 
letters presented successively on a 
display screen at a rate of 2 per sec¬ 
ond. After a short interval a probe 
letter was introduced, Thus a positive 
trial with a memory-set size equal to 
4 and with S as the probe letter would 
appear as: 

X S Q V S 

The function for mean reaction time 
versus set size in this experiment is 
shown in Figure 2, Unfortunately, the 
function is not linear, and we have no 
direct way of telling whether retrieval 
or comparison time, or both, change 
as size of the memory set increases. 

Anticipating this problem, we in¬ 
cluded a procedure designed to allow 
further analysis. In the other half of 
the trials, therefore, the subjects were 
given similar presentations of mem¬ 
ory sets and probes under what I shall 
term a high expectancy, or for brevity, 
“Ex” condition; these trials were 
randomly distributed among those 



Memory set size 

Figure 2, In trials using the standard Sternberg 
procedure, a memory set of 1 to 4 letters was 
presented to subjects, followed by a probe let¬ 
ter. Here reaction times required for recogni¬ 
tion of the probe as a member of the memory 
set are plotted for sets of various sizes. In order 
to arrive at a more accurate estimate of re¬ 
trieval time, an equal number of "Ex,’’ or high 
expectancy, trials were randomly distributed 
among the Sternberg trials. In the Ex trials 
subjects knew that only one member of the set 
could appear as a probe and thus were able to 
identify it as soon as it appeared, thereby 
elim inating retrieval time. As the inset shows, 
subtracting, the mean reaction time for the Ex 
trials from the mean reaction time for the 
Sternberg trials yields an estimated retrieval 
lime of approximately 25 msec per letter for the. 
short-term memory. 


employing the standard procedure 
To prepare for this variation t!i; 
subjects were familiarized in advant- 
of the experiment with two subsets o: 
letters, one of which was the set use: 
in the Sternberg trials. The other set 
comprising the same number of lei 
ters, was termed the Ex set. Tk 
subjects were informed that in each t 
the Ex trials exactly one member c 
the Ex set would be included in \h 
memory set, and that in a positive R« 
trial the Ex member of the memot; 
set was the only item that could ap. 
pear as the probe. (Thus in half of ti 
Ex trials the Ex member did appfc. 
as the probe, and in the other half 
the “negative” trials—a letter no- 
belonging to the memory set aj, 
peared as the probe.) Since ti 
subject could identify an Ex item s- 
soon as it appeared as the only men 
ber of the memory set that could ap ¬ 
pear as a probe in that trial, I assume 
that it would be held in the short 
term memory in a state of readme* 
for comparison. Thus when the profe 
appeared, this one member of tb 
memory set could immediately h 
compared with the probe, withou 
any need for search or retrieval Iron 
short-term memory. 

Given the reasoning I have outlined 
reaction time in the Ex trials should 
include all the components of readier 
time in the Sternberg trials except th; 
time needed to retrieve the appro 
priate member of the memory se~ 
from short-term memory upon pre¬ 
sentation of the probe. Consequently 
if for a given memory-set size w 
subtract the mean reaction time for 
Ex trials from the mean reaction time 
for Sternberg trials, we should haw 
an estimate of the time required ti, 
retrieve an element of the memory 
set. The inset in Figure d shows the 
results of this calculation, which 
yielded an estimate of approximately 
25 msec per letter as the retrieval 
time. Thus we may tentatively con¬ 
clude that retrieval time for a short¬ 
term memory set is appreciably 
shorter than that for long-tern 
memory, but still very long compared 
to access time for a digital com¬ 
puter. 

Organization of short¬ 
term memory 

Up to this point, comparisons seem 
strongly to favor the computer as a 
repository for information, and we 
might seem to be on the way to 


drawing the moral that we should let 
computers take over from man as 
quickly as possible. We need to be 
sure of our ground, however, in view 
of the critical role of short-term 
memory in the “executive” system of 
any problem solver, human or inani¬ 
mate, where it performs the essential 
functions of holding current instruc¬ 
tions and assembling data on which 
current cognitive operations are to be 
performed. A subsystem of this sort 
is an important element in models for 
performance in cognitive tasks, for 
example those of Gilmartin, Newell, 
and Simon (1976) and of Kintsch and 
Vipond (1979). 

But if short-term memory is so im¬ 
portant, why should its capacity be 
limited to only a few items? The an¬ 
swer I am going to propose is that the 
capacity of human short-term mem¬ 
ory only appears to be small when we 
insist on measuring it in terms of 
discrete items, such as letters or 
words, in much the way we would as¬ 
sess the capacity of the analogous 
component of a computer. A consid¬ 
eration of research on short-term 
memory will indicate, I believe, that 
the functional properties of human 
and computer memories differ suffi¬ 
ciently to make the same method of 
measuring capacity inappropriate in 
the two cases. 

The operating characteristics of a 
computer memory, or of computer- 
oriented models for human memory 
(e.g. Atkinson and Shiffrin 1968), il¬ 
lustrated in the upper portion of 
Figure 3, are well known. Here we 
suppose that a sequence of characters, 
represented by the letters A, B, C, 
and D, has been read into a computer 
to be retained for later recall. An en¬ 
coded representation of each of the 
characters is entered in a memory 
location, or “slot,” the slots typically 
(though not necessarily) being in ad¬ 
jacent locations, as shown in the fig¬ 
ure. Following input, this information 
will be maintained intact for a period 
of time unless the contents of some of 
the locations are overwritten by new 
input or degraded by hardware fail¬ 
ure. In this case, the contents of some 
locations might no longer be recov¬ 
erable, but other, intact items would 
still be associated with their original 
positions. 

By contrast, the results of research in 
my laboratory (Estes 1972; Lee and 
Estes 1977) suggest that human 


ltem-in-slot model 



Figure 3. Fundamental organizational differ- depicted as a series of “uncertainty distribn 
ences distinguish human memory from com- tions,” with the vertical axis indicating tin* 
puter memory, As shown in these schematic probability that the individual will recall, for 
drawings, computer memory can best ire rep- example, the locations of the items A, B, C, am I 
resented as an “item-in-slot” model, retaining D at various points witliin the interval in which 
encoded items of information—here the letters th'ey were presented. Unlike the computer, 
A, B, C, and D—in separate memory locations which has only the alternatives of total recall 
or slots and maintaining them intact except or total loss of information, the human memory 
where they are overwritten by later input or forgets by a gradual process in which the grit- 
degraded by hardware failure. Even when this dients of these distributions become less ntitep 
takes place, as shown at the right for the items and the overlap between pairs of gradients in 
B and C, adjacent items remain intact. By creases as precision of information about an 
contrast, the human memory is organized event is slowly lost, as shown at the right for the 
around events as they occur in time and is best items B and C. 


short-term memory is quite differ- is relatively precise, and less steep for 

ently organized, being oriented items occurring at interior positions, 
toward events and their attributes Furthermore, these gradients overlap, 
rather than toward the retention of so that if, for example, the hypothel 
items as units. In the human memory, ical individual whose memory is if 
forgetting is characteristically a pro- lustrated were to consult his memory 
gressive loss of precision of informa- at some particular moment regarding 
tion about an event rather than a the relative positions of items C and 
matter of total recall or total loss of a D, he might incorrectly recall them as 

stored item. Following input of the having occurred in inverse order, the 
items A, B, C, and D, the state of the likelihood of this error being proper- 
individual’s information about the tional to the overlap of the uncer 
relative position of any one of the tainty distributions for items C and 
items can best be described by an D. As time progresses, these gradients 
“uncertainty distribution,” with the become less steep, and the overlap 
horizontal axis representing time between pairs of gradients increases, 

elapsed during the interval in which meaning that precision of information 

the items were presented and the about the ordering of the original 

vertical axis the probability that the input sequence is gradually being 

subject will remember the occurrence lost, 
of an item as being localized at any 

particular instant within the in- What reason do we have to believe 
terval. that this apparently more complex 

model organized around events is 
Typically, it is most likely that an closer to the truth about the workings 
item will be recalled at its correct of human short-term memory than 
position relative to others in the se- the “slot” model characteristic of the 
quence, slightly less likely that it will computer? Perhaps the most direct 
be recalled as having occurred a little source of information comes from 
before or after its actual point of oc- specially designed experiments in 
currence, and so on. These gradients which subjects were presented with tt 
are relatively steep for items occur- sequence of items—letters or dig 
ring at the beginning and end of a its—-and were then asked not only to 

sequence, where memory for position recall as many of the original items as 
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possible in the appropriate order but 
also to indicate on a diagram the re¬ 
membered position of each item 
within the presentation interval. 
From these data it is possible to con¬ 
struct empirical uncertainty distri¬ 
butions corresponding to those shown 
in Figure B, "The findings presented in 
Figure 4 (Lee and Estes 1977) dem¬ 
onstrate that t he empirical gradients 
resulting from such an experiment 
resemble the hypothetical ones in all 
essentials. Numerous replications of 
this experiment have uniformly 
yielded similar configurations of data, 
We evidently can conclude with some 
confidence, then, that a person’s 
memory for elements of a sequence ot 
items such as letters, digits, or words 
is best represented by uncertainty 
gradients portraying the way infor¬ 
mation about the remembered posi¬ 
tion of each item is distributed over 
an int erval of time, rather than by a 
series of boxes or slots containing 
items of information. 

Since the relative location of an item 
is apparently represented in short¬ 
term memory as a quantitatively 
graded attribute, would the same be 
true of other properties of the event 
of seeing or hearing a letter or word? 
There is in fact a great deal of evi¬ 
dence that the answer to this question 
is yes, at least in the case of auditory 
properties. If, for example, an indi¬ 
vidual who has heard the letter se¬ 
quence X T Q H is unable to recall the 
sequence perfectly in a later test and 
makes an error, say, regarding the 
second member of the sequence, the 
error is likely to take the form of re¬ 
membering that item to be a letter 
such as P or C, which has the same 
vowel sound as the correct letter T, 
rather than a letter such as M or K, 
which has a different vowel sound 
(Conrad 1964; Eates 1973; Bjork and 
Mealy 1974). Drownowaki and Mur¬ 
dock (in press) have observed an 
analogous phenomenon with respect, 
to stress patterns in memory of se¬ 
quences of spoken words. 

The attributes represented in short¬ 
term memory are not limited to au¬ 
ditory properties. In analyzing the 
data illustrated in Figure 4, it oc¬ 
curred to us, for example, that we had 
an excellent opportunity to look for 
evidence of memory storage of an at¬ 
tribute corresponding to the differ¬ 
ence between letters and digits. In an 
ensuing experiment, subjects were 
presented in each trial with a se- 
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Letter position 
Fiuurn 4. When subjects wore presented with 
n Heqwni» of 4 items (in the ri'lai ive temporal 
positions indicated by the letters) and asked 
both to recall the Items in the order in which 
they appeared and to indicate oil a dingHim the 
remembered position ol each item, the re- 
suiting gradients, shown here, (dowdy resem¬ 
bled those of the hypothetical uncertainty 
distributions depicted in Figure 4. Hepeated 
replications of the experiment .yielded similar 
configurations (Lee and Kales 1^77). 



1 2 3 4 6 (i 1 8 9 10 11 12 
Position 

Figure h. Attributes stored in tlie short term 
memory are not limited to relid ive location or 
auditory properties. In tin experiment testing 
evidence of memory storage of an attribute 
corresponding hi the difference between letters 
and digits, subjects were presented with a sc;- 
ijiumce of 12 ehnrmiers - A letters to be re¬ 
membered, Timdnmly interspersed with H dig¬ 
its-and were llum asked to recall the* 4 letters 
and to tmlieiite their correct positions in the 
gequemttt. This graph showing the perceiitiige 
of cases in which an incorrect ty recalled letter 
was assigned to one of the positiims that had 
actually been occupied by letters in three rep¬ 
lications of the experiment indicates that even 
whim KiihjectK cmdd not recall letters mui 
rnttdy they: neverthelm retained some infor- 
; mation about the temporal positions in which 
letters, as opposed to digits, had occurred. (The 
positions actually occupied by letters are shown 
in color.) • 


(jutmee of 12 characters, 4 of which 
wore letters to be remembered while 
the remainder were random digits, 
the letters and digits being inter- 
mixed in various arrangements. In the 
recall test of each trial the subject was 
asked not only to try to recall the 4 
letters but also to indicate where they 
had occurred in these 12 possible po¬ 
sitions. We were thus able to look for 
evidence as to whether, when subjects 
failed to remember the letters pre¬ 
sented, they nonetheless retained 
some information as to the positions 
in t he sequence in which letters rathe 
than digits had occurred. 

The results (Fig. 5) show that even in 
cases where the subjects made errors, 
t hey still strongly tended to assign the 
erroneously recalled items to the po¬ 
sitions in the sequence that had ac¬ 
tually been occupied by letters. In 
other words, they remembered 
something about the temporal dis¬ 
tribution of items belonging to the 
category “letter” even when they 
could not remember what the indi¬ 
vidual letters were. 

Taking together the results of these 
and related analyses, it appears that 
short term memory for even so ap¬ 
parently simple a sequence of events 
as the occurrence of a series of letters 
in it st ring of digits takes the form of 
an assemblage of uncertainty distri¬ 
butions, each representing what the; 
individual knows about the distribu¬ 
tion of a particular attribute over the 
interval of time in which the sequence 
was presented. Thus if letters oc- 
ettrred in the middle 4 positions of a; 
sequence of B characters (Fig. 6), the 
short-term memory system would 
contain n distribution of information 
about the locations containing letters, 
a distribution of information about 
phonological properties over position 
and distributions for information 
about still more abstract properties.. 
Recall is evidently a matter of scan¬ 
ning this array and—for each cross 
section in time (a vertical slice in Fig. 
B) utilizing information from each 
of the distributions to narrow down 
uncertainty concerning the charade! 
that occurred at that point, ideally to 
the correct item, but even when- 
memory is imperfect often to a sma| 
subset including the correct item and; 

others similar to it in some respect*,. 

Specific models embodying m 
ideas may differ in some technical 
details, but roughly speaking the . 


predicted likelihood that the subject 
would recall the letter T in the fifth 
position, for example, would be pro- 


the uncertainty curves in the slice 
above the letter T; the likelihood that 
an X would be incorrectly recalled as 
presented at position 5 would be 
proportional to the sum of the heights 
of the cyrves above X in the diagram; 
and so on. Even without filling in the 
uncertainty curves for the other po¬ 
sitions, jt is possible to see that many 
testable implications follow. For ex¬ 
ample, we would predict that the 
letters P and T (which sound alike 



on the auditory feature function) 
would be more likely to be inter¬ 
changed in recall than, sgy, Tandi?, 
On the other hand, among letters with 
dissimilar sounds T would be more 
likely to be interchanged with R, 
which is closer to it in the input se¬ 
quence, than with X, which is farther 
away. And any two letters would be 
more likely to be interchanged than 
a letter and a digit, for example R and 
6, where the sharp break in the cate¬ 
gory function separates the two 
characters. AH of these implications 


mental findings (Bjork and Healy 
1974; Lee and Estes 1977). 

The nature of forgetting 


tributes for which we have cited spe¬ 
cific evidence probably far from ex¬ 
haust the list of those that are actu¬ 
ally stored in short-term memory, 
even when the experience in question 


or hearing a single letter or digit. New 
instances are continually appearing 


refined. Thus we can conclude that 


verbal item is not an exact encoded 
representation of that item stored in 
a slot in memory, as would be char¬ 
acteristic in a computer memory, but 
rather takes the form of a large 
amount of less precise information 
about various properties or attributes 
of the sensory experience. As a con¬ 
sequence, forgetting characteristically 
takes quite a different form in the 
short-term memories of human 


Input 7 5 X P T R 

Figure 6. For a sequence of 8 characters in 
which the middle 4 positions are occupied by 
letters, the short-term memory would contain 
distributions of information about locations 
containing letters, phonological properties, and 
other, more abstract attributes, To recall a 
letter, the human memory scans this array for 
each cross section of time (indicated for the 
letter T by color) and then uses information 
from each distribution to narrow down uncer¬ 
tainty about the character that occurred at this 
point, either to a small subset of similar char¬ 
acters or (ideally) to the correct character. The 
probability that the subject would recall the 
correct position of the letter T would therefore 
be directly related to the sum of the heights of 
, the uncertainty curves in the slice above the 
letter T. 


the burning out of a transistor ele¬ 
ment), in which case all record of the 
item is irretrievably lost. 

In the human being, by contrast, 
fqrgetting must be assumed to begin 
immediately following any sensory 
experience and is a consequence of 
many factors, among them internal 
noise in the nervous system respiting 
from spontaneous neural activity, 
fluctuations in body chemistry, and 
the capturing of the human short- 
term memory system by new inputs. 
However, i 


precise calculations possible, the 
short-term memory system of the 
human being (and doubtless other 
organisms) has been designed, so to 
speak, to sacrifice high fidelity in 
favpr of a capacity to maintain large 
amounts of approximate information, 
much of which may never be needed, 
hut some of which may be essential an 
a guide to actions when a situation 
previously experienced recurs with 
some variation. 

Human vs. computer 
memory 

Perhaps we can begin to generalize a 
little about the comparison between 
man and computer. Everyone work¬ 
ing with computers is familiar with 
the fact that they began as devices 
with an extremely specialized appli¬ 
cation. Since that time, however, they 
have become so diversified that it in 
now possible to obtain, on the one 
hand, a mini- or even micro-computer 
dedicated to some very specific task 
or, on the other hand, a general-pur ¬ 
pose computer capable of dealing 
with a very wide variety of problems 
indeed. On this continuum from 
specialized to general-purpose it be¬ 
gins to appear that the'human mem- 


precision of completeness of infor¬ 
mation about the original experience; 


puters. In computers a stored item 
typically remains wholly intact until 
its location is overwritten by some 


even; 

occurred the individual may remem¬ 
ber something about the events or 
items making up the original experi¬ 
ence/for example the approximate 
position of anitpm, as illustrated in 
Figures 5 and 6. 

It would seem, then, that whereas the 
digital computer has characteristi- 


of a hardware failure (for example, 


a high degree of fidelity a very large 
number of discrete items of informa¬ 
tion, and to 'do so in a way that makes 


top, having been developed with the 
strongest premium on general-pur¬ 
pose capability. This attribute runs 
through comparisons that can be 
made between various aspects of 
human and computer memories, 
some of which are summarized in 
tabular form in Figure 7. 

With regard to efficiency, as we have 
noted previously, the computer ap¬ 
pears far superior to human memory 
as long as we make the comparison on 
the basis of information defined as « 
computer would deal with it, as hits < ir 
items. However, we have seen that the 
human memory system typically does 
not limit itself to discrete represen¬ 
tations of discrete items, but may re¬ 
tain information about properties of 
items or events and their distribution 
over time that would not be taken 
into account in programming a com¬ 
puter or a computer model. 

In the same vein, although analog 
computers can be and have been 
built, the computer revolution has 
been characterized mainly by tin- 
proliferation of digital computers, 
which are strongly list-oriented ami 
record discrete bits or items of infer 
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maticm on an all-or-none basis with 
provision for high-speed random re¬ 
trieval. By contrast, the human 
memory seems strongly to prefer an 
analog mode in which information of 
varying degrees of precision or levels 
of specification concerning attributes 
of events is stored with relatively high 
redundancy, so that at least partial 
retention of information about an 
experience is likely even if the system 
is grossly disturbed, as by disease or 
injury. 

The memory of a computer is rela¬ 
tively independent of time; it gener¬ 
ally is indifferent to the absolute 
times at which various items of in¬ 
formation come in, and it maintains 
information in such a way that the 
bits or items are left undisturbed 
when the memory is interrogated or 
when a given item is retrieved, Con¬ 
versely, human memory tends to he 
strongly dependent on time, taking 
account of actual temporal intervals 
between input events. It does not 
maintain information in ft fixedfor¬ 
mat, but rather is continually reor¬ 
ganized as a consequence of the pro¬ 
cesses of interrogation and retrieval 
(Bjork 3975; Estes 1979). 

Indeed, the more we learn about the 
human memory, the less it seems to 
fit the stereotyped idea of a simple 
repository. It seems to be not at all 
like a storeroom, a library, or a com¬ 
puter core memory, a place where 
items of information are stored and 
kept until wanted, but rather pre¬ 
sents a picture of a complex, dynamic 


system that at any given time can be 
made to deliver information con¬ 
cerning discrete events or items it has 
had experience with in the past. In 
fact, human memory does not, in a 
literal sense, store anything; it simply 
changes as a function of experience, 

The storehouse analogy often does no 
harm, and can be a convenient me¬ 
taphor when the emphasis is on some 
narrow aspect of performance. But, it 
can be pernicious in a consideration 
of where research efforts should be 
concentrated, or of how intellectual 
function can be improved in some 
general way. It is possible to specify 
fully the set of functions realized on 
any computer; it is feasible m»t only to 
understand fully the operation of the 
computer but also to arrive at an ob¬ 
jective evaluation of how near at hand 
such an understanding lies. But for 
human memory, there seem to he no 
grounds for believing that we are dose 
to knowing what the full set of func¬ 
tions is, Thus comparisons between 
man and computer may be quite in¬ 
structive in pointing up what is and is 
not known about the human side of 
the comparison, but as yet they 
probably have little to tell us about 
the possibility that computers might 
one day be capable of outstripping 
human beings as general-purpose 
thinking machines, 

Is human memory 
replaceable? 

Although the efficiency of modern 
digital computers in storing and re¬ 


trieving information is awe-inspiring 
to human beings, with their all-too- 
fallible memories, the comparisons we 
have made suggest that the idea of a 
race between man and computer is 
inappropriate. Even serious consid¬ 
eration of the possibility that com¬ 
puters could soon take over important 
functions of human memory seems 
premature, It is true that computers 
can successfully take over some in¬ 
tellectual functions from human 
beings, in particular calculation, but 
in these cases both computer and man 
are required to deal with the same 
inputs and produce the same out¬ 
puts. 

The situation with regard to short- 
term memory proves on close in¬ 
spection not to be closely analogous, 
Items put into a computer are simply 
deposited in a coded form, and can 
later be reproduced by decoding, 
When items are presented to a human 
being, information about the events: 
is recorded in memory, but the pre¬ 
cise nature and extent of this infor¬ 
mation are still incompletely under¬ 
stood, These items may or may not he 
reproducible (recallable) at a later 
time, but some information about the 
items or the occasion on which they 
were presented can nearly always be 
recovered. This capability of retain¬ 
ing large amounts of relatively im¬ 
precise information regarding past 
experiences, though less than optima! 
for the special purposes of calcula¬ 
tions ami logical operations, is evi¬ 
dently important to organisms that 
must constantly adapt to their envi¬ 
ronments, Witness, for example, how: 
helpless people become when their 
memory systems tail as a consequence 
of disease, injury, or aging. 


HUMAN MEMORY 


COMPUTER MEMORY 


Preferred storage analog; time-oriented digital; llst-orlented 


mode 


Retention of 
Information 


all-or-none 


Efficiency (blts/sec.) low high . 

Capacity dependent on experience Independent of experience 


Retrieval 

relative to context strongly dependent 
relative to previous dependent 
retrievals 


Purpose 


general purpose; open set special or general purpose; closed 
of functions sel of functions 


Figure 7, A tabular comparison of the Cunt*- 
, Homit properties. oHnimitn «mi computer 
riiwnoiii'H shows .the rapid nctw and high 


precision of computer memory to be balanced 
by the robustness and general-purpose capa¬ 
bility of human memory, 


A long-term goal 'of' research on 
human memory is to develop ways of 
remedying these failures of the 
human memory system. Conceivably, 
the development of “mental pros¬ 
thetics,” in which computers take 
over some of the functions of the 
human memory system, may prove to ; 
be one way in which this is accom¬ 
plished. The results of the vast in- 
crease of research on human memory 
during the past two decades seem at 
this point to make the goal ever metre; 
remote, in view of the complexities 
revealed regarding the organization 
of human memory. However, these 
same results have brought about an 
appreciation of how much remains to 
be learned, and have led to the de¬ 


velopment of useful methods for 
moving toward the deeper under¬ 
standing that must be reached before 
the products of advanced technology 
can take over functions of failing 
components of the human memory 
system. 
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“The last I heard, Medwick was working on a model black hole in his lab.” 





Roberto Colella 
Albert W. Overhauser 


In the macroscopic world, the physi¬ 
cal force most evident by direct ex¬ 
perience is gravity, In microscopic 
systems, other forces dominate—the 
electromagnetic, the strong, and the 
weak. The strong interaction pre¬ 
dominates in nuclear structure; the 
weak acts in certain types of radio¬ 
active decay. Of course the Coulomb 
force, between electrically charged 
particles, dominates atomic and mo¬ 
lecular physics. 

The disparity between Coulomb’s law 
and Newton’s law can be appreciated 
by comparing their strength for the 
hydrogen atom, The attractive force 
between a proton and an electron, 
separated by a distance r is 


FirV 


e i GmM 
r 2 r '2 


Neutrons, Gravity, and Quantum 
Mechanics 

Is it possible to observe gravitational effects in 
experiments in which quantum theory plays a 
dominant role ? 


wavefunction is reversed! This hy¬ 
pothesis can be tested with a neutron 
interferometer, and such an experi¬ 
ment will also be described in the 


G is Newton’s constant, m the elec¬ 
tron mass, M the proton mass, and e 
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the electronic charge, The gravita¬ 
tional term is forty orders of magni¬ 
tude smaller than the Coulomb 
term—the ratio between the mass of 
a dime and that often million suns. It 
seems obvious that gravity plays a 
negligible role in atomic physics. 

It is tempting to conclude from the 
foregoing comparison that all gravi¬ 
tational effects in quantum mechan¬ 
ics—the physics of atomic and sub¬ 
atomic worlds—will be immeasurably 
small. Is it possible to observe a 
quantum mechanical effect of gravi¬ 
ty? Before answering this question, 
we must explain what is meant by a 
quantum mechanical effect. 

Atomic beams projected horizontally 
follow a parabolic path like that of 
any classical object in the earth’s 
gravitational field—a bullet shot from 
a gun or a golf ball, for example. 
McEeynolds showed in 1951 that a 
neutron beam behaves in the same 
way (J). Such behavior is required by 
the Schrodinger equation of quantum 
mechanics when the Newtonian po¬ 
tential energy of the earth's gravity is 
incorporated, Nevertheless the 
bending of a trajectory is merely a 
classical effect. A fundamental axiom 
of quantum mechanics—the corre¬ 
spondence principle—requires that 
classical trajectories be derivable 
from the Schrodinger equation. 

The unique aspect of quantum me¬ 
chanics, when compared with classi¬ 
cal mechanics, is that the mathe¬ 
matical quantity related to physical 
events—the wavefunction f(r,t) 
—has a phase, * is a complex func¬ 
tion, This new variable—the phase of 
'k—does not influence the probabil¬ 
ity of an event at a space-time point 
(r,t) since this probability is propor¬ 
tional to M*. Nevertheless the phase 


of * is the new “dimension” of wave 
mechanics and is required for the 
existence of diffraction and interfer¬ 
ence. For example, physical events 
will depend on the relatiue phase oi 
two interfering wave trains. Con¬ 
structive and destructive interference 
correspond to the limiting cases: ir 
phase and out of phase. 

The question of whether gravity plays 
a role in quantum mechanics must be 
interpreted as: Does a gravitational 
potential influence the phase of x I / ? li 
g is the acceleration of gravity and j 
the height of a neutron (of mass M), 
then the Newtonian potential Mg) 
should influence the phase of T. The 
only way to prove that it does is by an 
interference experiment, so designed 
that Mgy changes the relative phase 
of two interfering beams. A precise 
optical instrument, the neutron in¬ 
terferometer, makes it possible te 
conduct such a test (see Fig. 1). In¬ 
terference fringes caused by gravity 
occur only when the relative phase d 
the interfering beams is changed by a 
continuous rotation of the interfer¬ 
ometer relative to the earth’s gravi¬ 
tational field. A successful experi¬ 
ment that measures the effect of 
gravity on the phase of a neutron’s 
wavefunction will be described in this 
article. 

Another way to change the phase ofs 
neutron wavefunction is to imposes 
rotation around an arbitrary axis and 
then to compare the phase of the ro¬ 
tated beam with that of an unrotated 
beam having the same initial phase. 
A surprising result of quantum me¬ 
chanics, which had not been experi¬ 
mentally verified, predicts that a 360° 
rotation does not leave a neutron 
unchanged, as would be the case foi 
any ordinary object in the macro¬ 
scopic world. Instead the sign of the 


Interferometry in the 
Angstrom region 

In 1965 Bonse and Hart used x-rays 
to demonstrate the feasibility of ob¬ 
taining interference effects in the 
wavelength region around 1 Ang¬ 
strom (10“ 8 cm) (2). The technique, 
illustrated in Figure 2, is based on an 


nents, and smoothness of optical 
surfaces. Regarding the first point, it 
is important to know that x-ray tubes 
are not monochromatic sources. 
There is a fundamental difference 
between reflection or refraction of 
light and diffraction of x-rays. In the 
latter case there is a strict correlation 
between the wavelength and the de¬ 
flection angle 2$, given by Bragg’s 
law. Consequently each optical path, 
as shown in Figure 2, corresponds to 
a well-defined wavelength. Every 


identical single crystal slabs set par¬ 
allel to and equidistant from one an¬ 
other. A monochromatic beam is in¬ 
cident on the first slab (a) in such a 
way that Bragg’s law, X = 2 d sin0, is 
satisfied for a set of atomic planes 
perpendicular to the slab (d is the 
spacing between atomic planes). The 
first crystal splits the beam, part of 
which (PQ) is transmitted, and part 
of which (PS) is diffracted. The two 
beams PQ and PS are coherent— 
that is, they maintain a constant 
phase relation. Since the second 
crystal is parallel to the first, beams 
PQ and PS are incident at the same 
Bragg angle 0. Two new coherent 
beams (QR and SR) are formed that 
converge on the third slab, again at 
the same angle 0 with respect to the 
atomic planes. The two emerging 
beams T and D arise from coherent 


the optical components of the system 
(the three crystal slabs in Fig. 2) to an 
accuracy of a fraction of a wavelength, 
which in this case is of the order of 1 
A, We note at this point another 
fundamental difference between 
conventional and x-ray optics. Light 
beams are reflected or refracted by 
surfaces, whereas x-rays are scattered 
by atoms. What counts, then, is the 
position of the atoms in the crystal 
slabs . Bonse and Hart found an in¬ 
genious way to circumvent this diffi- 


and partially diffracted beams. 

Interference effects can be observed 
by changing the optical path along 
any one of the beams. One way to do 
this is to insert a slab of material 
transparent to x-rays in one of the 
beams and to change its effective 
thickness by rotation about z, as il¬ 
lustrated in Figure 2. TJie intensities 



be altered by the phase change in¬ 
troduced along the optical path. The 
basic idea seems so simple that a 
question naturally arises: Why was 
the first x-ray interferometer not 
made until seventy years after x-rays 
were discovered? An explanation of 
some of the crucial points of the 
Bonse and Hart interferometer will 
help to answer this question. 

Those who have had a little experi¬ 
ence with optical interferometry 
know that the key to success lies in 
three critical areas: monochromati¬ 
city, alignment of optical compo- 


Figure 1. An interferometer is used to observe 
interference effects on x-rays or neutrons. For 
the experiments described in this article, a 
single crystal of silicon, 5 cm in diameter and 
9 cm long, was carved into three slabs 35 mm 
apart and 2mm thick, Bonse and Hart (2) de¬ 
vised the method of carving the three slabs of 


photon will find along its trajectory 
only photons with the same frequen¬ 
cy. How rigorously is Bragg’s law 
obeyed? In other words, given a per¬ 
fectly parallel and monochromatic 
beam incident on a crystal, what is 
the interval A0 within which the 
crystal is able to give rise to a dif¬ 
fracted beam? The answer is: very 
small, of the order of a few seconds of 
arc, if the crystal is perfect— i.e. free 
from lattice imperfections such as 


The next problem is the alignment of 


the interferometer out of one monolithic pirn* 
of crystal that remains intact at the hue*', 
thereby ensuring that the atoms in the slabs an? 
spatially coherent. The technique has intuit* 
possible, precise measurement of the minute 
effects of gravity on submicroscopic particle* 
such as the neutron, 


culty: they carved the three slate 
from the same single crystal block. 
They capitalized on modern semi¬ 
conductor technology, which had 
developed sophisticated techniques 
for growing large, dislocation-fret 
silicon crystals of high purity, with 
negligible fluctuations in lattice pa¬ 
rameter. In such crystals the atomic 
positions are accurately located by 
crystallographic periodicity over 
distances of several centimeters. Ac 
cordingly, atoms in the first slab (a in 
Fig, 2) are spatially coherent with 
atoms in the second slab (b) within a 
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Figure 2, An interferometer of the kind de¬ 
picted in Fig. 1 is shown here schematically 
(viewed from above). The identical crystal 
slabs (a, b, and c) cause diffraction from atomic 
planes perpendicular to their surfaces. Beams 


T and D result from coherent superposition of 
the two beams that originate at P. The optical 
path along PQ can he varied by rotating a flat 
plate at z. The rotation angle of the plate varies 
the intensities of beams T and D, 



Figure 3. The interferometer pictured in Fig. wavefunction. C j, C% and C;j are counters for 
lean detect the effects of gravity on a neutron’s thermal neutrons. 


fraction of 1 A. The fact that this im¬ 
pressive accomplishment was made 
possible by advances in crystal growth 
technique that had taken place only 
during the sixties explains-why it took 
so long to develop x-ray interferom¬ 
etry. 

What about the third require¬ 
ment-smoothness of surfaces within 
wavelength tolerances? Since x-rays 
are deflected by atoms, the physical 
surface of a crystal slab does not play 
a crucial role. To give a complete an¬ 
swer to this question we must con¬ 
sider the effect of a step of thickness 
At on one of the slabs when the slab 
is transversed by an x-ray beam. The 
step introduces a phase shift 2 w(n - 
1)A£/X, where n is the index of re¬ 
fraction. The wavelength A is small 
(10 -8 cm), but fortunately n is very 
close to 1 for all substances, the dif¬ 
ference being in the neighborhood of 
10“ 6 . It is easy to verify, then, that a 
relatively coarse finish of the surface 
(At ~ 1-2 pm) is perfectly tolerable 
and does not impair phase coher¬ 
ence. 

So far, we have not explained the 
function of the third slab (c) in Figure 
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2. The two beams QR and SR are co¬ 
herent and will produce a set of 
fringes localized in space at their 
meeting point R. The fringes will, 
however, be spaced several Ang¬ 
stroms apart, and the problem is how 
to detect them. No photographic film 
in the world has Angstrom resolution! 
The solution is to use the third crystal 
as a receiver, with two inputs—the 
two incident beams QR and SR. Both 
are incident at the correct Bragg 
angle, and in the crystal they interact 
coherently to produce the outgoing 
beams T and D. This device was de¬ 
veloped for x-rays in 1965, and it was 
quickly realized that the same prin¬ 
ciple, with minor variations, could be 
used for neutron beams with thermal 
energies (15-20 meV) because all of 
the arguments given above are ap¬ 
plicable to neutrons. In 1974 Rauch, 
Treimer, and Bonse verified experi¬ 
mentally the feasibility of neutron 
interferometry 

Gravity effects 

Because gravitational forces are 
exceedingly weak when compared to 
Coulomb forces, they play no role in 
ordinary experiments. There is no 


reason to doubt that isolated ele¬ 
mentary particles are subject to gra 
vitational forces; however, it is; 
well-established tradition in science 
not to take anything for granted, are 
experiments were devised to test tit 
supposition. The ideal particle to m . 
in such experiments is the neutron 
because it is electrically neutral anc 
therefore insensitive to electric ant 
magnetic fields. Also, it can be slow*: 
to very low speeds and copiously 
produced in a nuclear reactor. 

In the fifties, McReynolds prove; 
that neutrons do in fact follow pate 
bolic trajectories, like bullets fronu 
gun (1). The next question then lie 
comes whether and how gravity at. 
fects de Broglie waves—i.e. the wav 
properties of an elementary particle 
We argued in the introduction the; 
the earth’s Newtonian potential Adi?, 
should affect the phase of a neutron'; 
wavefunction. A scheme for testim 
this idea utilizes an interferometer fo 
neutrons like the one shown in Figui- 
3. The experiments were performer 
in 1975 at the nuclear reactor of tit 
University of Michigan, with tie 
collaboration of Samuel A. Werner 
Gravity affects differently the tw 
coherent paths PQR and PSR. If, for 
example, the plane PQRS is vertical 
the difference in the gravitations 
potential experienced along PQR anc' 
PSR should result in a net phase dif¬ 
ference for the two beams, split at P 
when they recombine at R. The sys¬ 
tem is analogous to an optical inter- 
ferometer, which uses mirrors instead 
of crystals, immersed in a medium 
with a gradient in the index of re¬ 
fraction. 

Although it is easy to calculate the 
difference in optical path between 
PQR and PSR caused by gravity, it r/ 
impossible to measure it, because, 
geometric inaccuracies during con¬ 
struction of the interferometer in 
troduce path differences as large? 
that arising from the potential Mgj:.. 
The solution to this problem is to ro 
tate the interferometer by 180° about 
the horizontal axis defined by lie 
incident neutron beam. This rotation 
interchanges the paths PQR and PSi 
as far as gravity is concerned. It is; 
hoped that their geometric path dif¬ 
ference remains unchanged. 

The interferometer must then be 
slowly rotated 180°, during which tie 
counting rates C 2 and C 3 of tie 
outgoing beams are recorded. Tie 


expected number of fringes Nm, or 
the phase change A/3 = 2tNm, can 
be easily calculated, and the result is 
A/3 = itM 2 gA\/h 2 . X is the de Bro¬ 
glie wavelength of the neutrons, A the 
area of the parallelogram PQRS, and 
h is Planck’s constant. For an inter¬ 
ferometer of modest dimensions, with 
QS of the order of 2-3 cm, AjS can 
amount to 20 X 2t radians. This 
surprisingly large number suggests 
that the experiment would be fea¬ 
sible. 

Before doing the experiment with a 
neutron beam, we decided to test the 
equipment in a simulation experi¬ 
ment using x-rays. One advantage of 
x-rays is that an ordinary x-ray tube 
generates many more photons per 
second than a nuclear reactor gener¬ 
ates neutrons. However, the most 
important advantage is that x-rays 
are massless particles and therefore 
not subject to gravitational pull, ex¬ 
cept for the very small effect pre¬ 
dicted by Einstein and unobservable 
in this experiment. Therefore, a null 
result—no interference fringes during 
rotation—should occur. 

To our great surprise (disappoint¬ 
ment, really), we did find interference 
variations in the outgoing beams 
during rotation of the interferometer. 
It soon became apparent that these 
fringes were not reproducible if the 
interferometer support was changed. 
Ultimately we concluded that the 
interferometer was bending under its 
own weight. We were able to prove 
this by supporting the interferometer 
on two felt strips perpendicular to the 
cylindrical axis. No glue could be used 
to fasten the interferometer to its 
support because elastic strains in¬ 
troduced by waves or glues also 
caused a loss of coherence. If the felt 
strips were close to the center (see Fig. 
4), the resulting droop at the ends 
caused the top edges of the slabs to 
separate about 20 A, clearly an intol¬ 
erable deformation. If the felt strips 
were near the ends of the interfer¬ 
ometer, the sag in the middle caused 
the top edges of the slabs to close 
slightly. It seemed reasonable to 
suppose that any x-ray fringes re¬ 
sulting from bending could be elimi¬ 
nated if the felt support strips were 
located at an intermediate distance. 
By trial and error the optimum sup¬ 
port points were found, and we sub¬ 
sequently discovered that these lo¬ 
cations agreed perfectly with the 
predictions of elasticity theory for 


20 k 




are shown: above, for small distances between 
supporting felt strips, and below for large dis¬ 
tances, Supports placed at an intermediate 
distance, which agreed perfectly with the pre¬ 
dictions of elasticity theory for two-point 
support of a beam, eliminated warping, 


optimum two-point support of a 
beam. 

Having achieved the required null 
result with x-rays, we moved the ap¬ 
paratus to a nuclear reactor, where we 
did indeed observe neutron interfer¬ 
ence fringes resulting from the grav¬ 
itational potential Mgy (Fig. 5) (4). 
The periodicity of the fringes had the 
correct magnitude. It was also shown 
that the sign of the gravity effect on 
the phase of a neutron’s wavefunction 
corresponds, as expected, to a po¬ 
tential Mgy and not to -Mgy. This 
was accomplished by shortening the 
"optical path” of one of the neutron 



Rotation angle <f> 


Figure 5. Intensity variations in the neutron 
counting rate are a function of the interfer¬ 
ometer rotation angle 0. This graph demon¬ 
strates the effect of gravity on the phase of a 
neutron’s wavefunction. 


beams by A/4. Insertion of 0.05 mm of 
aluminum foil caused the fringe pat¬ 
tern shown in Figure 5 to shift one 
quarter of a fringe. The direction of 
the shift determined the sign of the 
potential. 

Equivalence principle in 
the quantum limit 

The observation of neutron interfer¬ 
ence fringes caused by interferometer 
rotation confirms that the Newtonian 
potential Mgy must be included in 
the Schrodinger equation and that 
this term exerts its expected influence 
on the phase of the wavefunction. We 
wish to comment on a further con¬ 
clusion, concerning the principle of 
equivalence, that may be of deeper 
significance. 

The equality of inertial and gravita¬ 
tional mass is one statement of the 
principle. The experiments by Eotvos 
and more recently by Dicke have 
verified this equality to a precision of 
10~ 12 , Another statement of the 
principle is that a uniform gravita¬ 
tional field is experimentally equiv¬ 
alent to a zero gravity environment in 
a laboratory experiencing a constant 
acceleration. Einstein’s conviction 
that this was true even for a ray of 
light led him to predict that light 
would be deflected by a gravitational 
field, and indeed this has since been 
confirmed in both astronomical and 
terrestrial experiments. 

All verifications of the equivalence 
principle have been in the classical 
domain. That is to say, the experi¬ 
mental results did not depend on the 
magnitude of Planck’s constant—the 
fundamental unit of quantum theory. 
We propose that gravitationally in¬ 
duced interference fringes can be in¬ 
terpreted as a test of the equivalence 
principle in the quantum limit, since 
the number of fringes observed de¬ 
pends on the magnitude of Planck’s 
constant. 

Two experiments are necessary to 
verify the principle in the quantum 
limit—one on the surface of the earth 
in a laboratory at rest and the other 
far out in space in a laboratory having 
acceleration g. The number JViao of 
fringes must agree. Although we have 
not done the space experiment, we 
submit it is not essential if the valid¬ 
ity of the Schrodinger equation in a 
zero gravitational field is accepted. If 
this is granted, then the outcome of 
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If any macroscopic body is rotated 
360° about an arbitrary axis, the final 
state of affairs is exactly the same as 
the original. This seems so obvious 
and universal that an exception 
would appear paradoxical. However 
the mathematical theory of spin -1 
particles presents such a paradox: a 
360° rotation of a neutron, for exam 
pie, leads to a change in sign of it 
wavefunction, and a 720° rotation! 
required to restore the wavefunctior 
to its original value. Of course, in most 
experiments a change in sign is nr 
relevant physically, since observabl* 
quantities depend on the squart 
magnitude, l^l 2 , of the wavefunc¬ 
tion. 


A.neutron interferometer makes ! 
possible to put this sign reversal tot 
direct experimental test. The wave 
function at point R in Figure 2 is tk 
sum of contributions from the tm 
alternative paths 

vl= + 

If by some means the second path car 
be subjected to a force that rotate 
the spin axis by 360°, then the wave 
Figure 7. A neutron is like a small gyroscope, path PS are in a magnetic Held All) to 500 u) f unc tion at R will become 

and its spin precession can be measured in 0 for a short distance. C t and C* are counters for 

.similar manner. In this diagram of the neutron thermal neutrons, - q/ 1 _ vJ/ <2 

spin-precession experiment, the neutrons on 

Since the neutron counting rates 0: 
the beams T and D will depend on th 
square magnitude of the wavefunc 
tlon, and since 

the induced rotation of the spin ax! 
will generate an interference patten 
with a 720° periodicity. 

Since a neutron has a magnetic m<t 
ment parallel to its spin axis, the re 
quirecl rotation of the spin axis can b 
Magnetic field a generated with a magnetic field. 1 

neutron is iike a small gyroscope. Th 


Figure 8, The intensity in the neutron counting 
rntft varies as a function of the magnetic, field 
in the magnet. The modulation of the inter¬ 
ference pattern is due to the fringing fields of 
the magnet. This graph demonst rates the effect 
of spin precession on the phase of a neutron's 
wavefunction, 




the interferometer experiment in an 
accelerating laboratory in space can 
be calculated instead of measured 
directly, The predicted number of 
fringes agrees with the measured 
value in the earthhound experiment 
05). 

One must either question the validity 
of the Schrodinger equation under 
zero gravity conditions or assert that 
the equivalence principle is obeyed in 
the quantum limit. The first alter¬ 
native is unacceptable. Therefore we 
conclude that within the precision of 
our experiment the gravitational in¬ 


terference effect, which depends on 
Planck's constant, obeys the principle 
of equivalence. 

Spin-precession effects 

Neutrons, like electrons and protons, 
have an intrinsic angular momentum, 
or nuclear spin. The spin of neutrons 
is ] k, since the maximum projection of 
their intrinsic angular momentum 
along any axis is l lih/2r), where h is 
Planck’s constant. The presence of an 
intrinsic spin direction makes it pos¬ 
sible to talk about rotating a neutron 
about some other axk 


reaction of a gyroscope to a constant 
torque- -one caused by gravity, ft 
example—is shown in Figure 6. Th 
spin axis precesses about a direction 
parallel to the applied force. Pors 
neutron, the magnetic torque will led 
to a precession of the spin axis. In tht 
experimental arrangement, shown it 
Figure 7, a small magnet is placd 
along the path PS#. The total angle 
of precession of the axis during tht 
flight can be varied continuously bv 
changing the magnetic field#. Whet 
this experiment was carried out m 
dependency in two laboratories (6, % 
both groups found an interference 
pattern associated with the spin pre¬ 
cession angle (Fig. 8), and both fouii 


i 


that the periodicity corresponds to a 
720° rotation. This is a startling 
confirmation of the mathematical 
theory of spin- 1 ^ particles. 

Recent developments 

Since the experiments performed in 
1975 at the University of Michigan, 
the experimental apparatus has been 
improved in many respects. The 
equipment has been moved to the 
University of Missouri at Columbia, 
where a new interferometer has been 
fabricated, with much better fringe 
visibility, and the neutron flux in¬ 
tensity now available is much greater. 
As a result, the accuracy with which 
the equivalence principle has been 
tested is now better than 0.2%, an 
improvement of a factor of 50 with 
respect to the 1975 experiments. It 
has now become possible to detect, by 
means of quantum interference ef¬ 
fects, the existence of forces acting 
upon moving neutrons due to the 
rotation of the earth (8). This phe¬ 
nomenon, known in classical me¬ 


chanics as the Coriolis acceleration, 
had never been observed before for 
isolated elementary particles. The 
effect manifests itself through the 
small but discernible phase shift 
arising in a rotating ring interferom¬ 
eter. It is the quantum mechanical 
analog of the optical experiments 
performed in 1913 by Sagnac (9), who 
discovered this effect by imparting a 
rapid rotary motion to his interfer¬ 
ometer, and by Michelson, Gale, and 
Pearson (10), who made use of the 
earth as a rotating table. All of these 
more recent, and more accurate, ex¬ 
periments have been performed by 
Jean L. Staudenmann, in collabora¬ 
tion with Samuel A. Werner (11). 

The development of neutron and 
x-ray interferometry is based on the 
availability of large silicon single 
crystals of exceptional perfection. 
The advance in crystal growth tech¬ 
nique that made this possible was 
motivated by the requirements of 
integrated circuit technology—a 
splendid example of the fruitful in¬ 


terplay between basic research and 
industrial invention. 
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The opinions expressed bymnewm 
air their awn and do not, represent 
the views of the editors or of Sigma 
Xi, The Scientific Research Society. 
Reviews have hem grouped under 
broad headings, with the reader’s 
convenience in mind , Some hooks 
maid appropriately be included in 
more than one category, and the ed¬ 
itors suggest t hat the reader consult 
the Review Index, on page 104, for 
interdisciplinary titles, 


The Northern Great 
Barrier Beef 

A Royal Kueioty Discussion Held on 
2H and 2!) January 197*1. Organized by 
I), R, Stiiddart and Sir Maurice 
Yonge. >11)15 pp, London: The Iioynl 
society, m.m, 

The Royal Society has long been 
linked with romantic-sounding, expedi¬ 
tions to the South Seas. After its main* 
I cure, Captain James Cook was entrusted 
with H.M.S. lindmmur to facilitate ob* 
starvations of the transit of Venus in 
Tahiti in 17(59, and it was on the way 
home that the east coast of Australia was 
discovered, This led to the first explora¬ 
tion of the Great Harrier Reef, which was 
encountered, literally, on 11 dune 1770, 
when "the Ship Struck and stuck fast" on 
an unexpected coral head. Since then, 
(explorers have come to know well the 
hidden charms and terrors of the reefs, 
Charles Darwin, as naturalist on 
H.M.S, Heagle, brought coral reefs into 
t he scientific limelight of the nineteenth 
century. Darwin’s celebrated controversy 
with Murray on the origin of atolls even¬ 
tually led the Royal .Society to sponsor the 
L systematic drilling of Funafuti Atoll at the 

turn of the twentieth century, As ever, 
more problems were discovered than were 
f solved, lu HUM), a riuiltididplinary 
Rtiyal Hoeiety expeditem was made to the 
ttreat Barrier Reef, devoted esseutially to 
I the southern half. The late H, (!, Richards 
I of the Dniversity of Qumislinul always 
| insisied that the '‘Reef’ should he re 
I ferred to as the Great Harrier ‘'Reefs," 
laraiiw* it is a complex of great variety 
and diverse history. 

Now, what amounts to a part two is 
presented in this discussion report by the 
Royal Hoeiety about the northern sector 
of the reef, There was a six-month expe¬ 
dition in H)7:t; the discussion in January 
l!!7(i was first published in the society's 
Philosophical Tran suctions. Part A 
contains the general geological, aedi- 
mentologicftl, itnd sea-level dating mate¬ 
rial; part B, the biniogie and geomorpho- 
logic material, On this expedition, the 
geoscienlists really had their day; D. R. 
Btixiilaft, (1, R. Qrm'e, B. G. Thom, D, 
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Hopley, and <1, K, N. Verort were among 
t he many contributors, moat of whom 
came from Australia. 

Since 1050, extraordinary advances 
have taken place in the means of technical 
analysis available to the geoscientkt, First 
and foremost is the absolute dating 
(mainly by radiocarbon) that permit* the 
ipumlificnthin ofliolm-ene historical ev¬ 
olution, rates of sedimentation, arid so «». 
Electron microscopy enables u« to look at 
the sediment material with more under¬ 
standing, and seismic profiling reflections 
show the three-dimensional picture. 
Nevertheless, much of thtgwmorphob- 
giht’n work still consists of t he personal 
survey (aided by air photography) on fool 
or with sculia equipment, Two cor# drill ¬ 
ings were made, to 19,5 m on Stapleton 
and 20 m on Bewick. 

The Bewick -reef Imre illustrates the big 
changes that have occurred in coral-reef 
study since the "dark ages" of the mid- 
twentieth century, In this relatively short, 
29-m core there are mainly lagoon facies, 
separated by at least four imjwrtafU 
unconformities, the youngest kkmtiftad 
by radiocarbon as a little older than (§00 
year* HP, The next unit down is almost 
certainly from the last interglacial 


( 120 , 1)00 tip or 125 Ka, though dm 
44,‘IW HP by radiocarbon because 
minor contamination), and the one bek 
that m probably from the preceding i: 
terglacial (2dO,(KM) BP, dated 30,350 HP 
rmlionirinm). Underneath are funk 
mitta, probably from 310,000 BP a 
420,(KX) up, baaed on the evidence of a 
deep Kt»ii isotopic record. What is m 
here is a record of slow subsidence, up- 
which is superimposed the 100,000-yt? 
Quaternary glnoio-eustatie cycle. 

Tiie second most controversial questk 
in coral-reef interpretation is the Hoi 
chic history, There appear traces of hr 
mi levels in the Barrier Reefs at data 
that {•luster around 6000,4900,8700, as 
2-HtO years HP. Interestingly enougM 
though not mentioned by the author 
these dates alternate precisely with ik 
dates of neoglacial or Little Ice A* 
events. A catastrophic sea-level dw 
around 3H0G HP is shown by ramp 
building of broken-up coral branches.? 
sparsity of dates from the last 2,000 year 
suggests to the authors that sea tw 
during much-of this time has been low 
than today. Little new evidence •. 
nei (tectonic activity was encountered. 

Why is this volume important to pet# 
outside of the beachcombing fraternin 
Perhaps mostly for what can be read b 
tween the lines. The research has bee 
carried out with meticulous care and m 
discloses unequivocal evidence of it? 
seadevel changes over the last 6,000 yew 
that seem to reflect global climatic ptf 
torn*. Rhodes W. Fairbridge, Umlugw 
Sciences, Columbia University 


Legal and Ethical Issues in 
Human Research and 
Treatment 

f'Kychopharmacologic Considerations 
Donald M, Gallant and Robert Pom 
eds. 186 pp. Hoisted Press, 1978. $11 

Part 1 of this volume presents the a 
cently adopted Statement of Principles^ 
Kthica! Conduct for Neuropsychophsi 
macologic Research in Human Subjects 


prepared by the Ethics Committee (under 
the chairmanship of Dr. Gallant) of the 
American College of Neuropsychophar¬ 
macology (ACNP). Part 2 consists of four 
papers, with discussions, delivered at a 
conference (chaired by both editors of this 
volume, one a professor of psychiatry, the 
other a professor of law) on the interplay 
of science, philosophy, and law. 

In concise and unequivocal language 
the Statement of Principles requires that 
researchers shall have had adequate 
training, shall conduct scientifically valid 
studies, shall seek review and approval of 
human research studies, and shall take 
"all reasonable precautions for preserving 
the dignity, rights and safety of [their] 
subjects.” All this, and more, researchers 
now must be or do, for the Statement of 
Principles follows “the legal distinction 
between the words ‘shall’ and ‘may.’ The 
word ‘shall’ is used to denote something 
which is mandatory.” 

Principle 8, Informed Consent, how¬ 
ever, is not couched in terms of either 
“shall” or “may,” exceptfor the manda¬ 
tory requirement to obtain proxy consent 
for incompetents and to review, if re¬ 
quested by subjects, the nature of the 
study after its completion. Otherwise 
Principle 8 merely lists the basic elements 
of informed consent.” It is not introduced, 
as are all other principles, by the phrase 
“the investigator shall or may ..in¬ 
stead, in laconic language, it says; “Re¬ 
search studies with human subjects re¬ 
quire the informed consent of the 
subjects.” To be sure, DHEW regulations 
require it; but does ACNP by its curious 
omission wish to avoid taking a position 
as to when informed consent is mandatory 
and when discretionary? The vexing 


court decisions and administrative regu¬ 
lations on the conduct of research. How¬ 
ever, in criticizing restrictions on the au¬ 
thority of investigators, they neglect to 
ask: When should human beings without 
their assent serve the interests of science? 
In arguing for freedom of inquiry, dis¬ 
tinctions need to be made between 
championing Galileo’s use of a telescope 
and the modern investigators’ use of un¬ 
consenting human beings for the ad¬ 
vancement of knowledge. Stone contends 
that the “ ‘inherent obligation’ to make an 
altruistic contribution [to the present and 
future welfare of society] is exactly the 
element that is lacking in the law.” I 
doubt that courts eschew altruism; what 
law seeks to discourage, as best it can, is 
the engineering of “altruistic" consent. 
Chayet, of course, is correct in saying that 
research has done less physical harm to 
patients than many “therapeutic” inter¬ 
ventions. But the harm informed consent 
seeks to prevent has nothing to do with 
physical harm; rather it seeks to prevent 
dignitary harm to subjects of research 
whenever their status of personhood is not 
accorded respect, 

The two concluding papers, by Karen 
A. Lebacqz and by Albert R, Jonsen and 
Burr Eichelman, sensitively address these 
issues from the vantage points of philo¬ 
sophical and medical ethics. Jonsen and 
Eichelman introduce the notion of “re¬ 
spect for persons” as the fundamental 
guiding principle for dealing with prob¬ 
lems of informed consent. But how far will 


creates intended and unintended para¬ 
praxias, if this is one. 

The longer, second part of the book 


Statement of Principles, which, once 
born, is relegated to a distant corner in the 
nursery. Again, the confounding consent 
problem surfaces repeatedly in the formal 
papers and the discussions—the Ar¬ 
iadne’s thread of the book. The editors 
themselves are aware of its complexities. 
In their preface they remark that they 
“will not allow exposure of an individual 
to any experiment without his consent.” 
At the same time they are uncertain how 
far to take consent; It may only require 
"some understanding, [maintaining] a 
certain level of human dignity, [pre¬ 
venting] a gross overreaching.” (My ital¬ 
ics.) Underlying theqe qualifications is the 
concern that “if the requirements for in¬ 
formed consent are set too high, we are in 
reality repudiating research,” Thus the 
question remains; what constitutes in¬ 
formed consent? 

Dr. Alan A. Stqne, Professor of Psy¬ 
chiatry and Law at Harvard University, 
and Neil L. Chayet, Counsel to the ACNP, 
in two interesting papers also express 
their misgivings over the impact of recent 


sons too, unless carefully defined, can get 
quickly caught up in conflicting notions 
as to what is “respectful” When is de¬ 
ception, and of what degree, a sign of re- 


This volume is worth reading and 
pondering over. The age-old question— 
When may a society, actively or by ac¬ 
quiescence, expose some of its members 
to harm, physical or dignitary, in order to 
seek benefits for them, for others, or for 
society as a whole?—is difficult to answer. 
How difficult it is, the views expressed by 
the editors and contributors make abun¬ 
dantly clear.— Jay Katz, Yale University 
Law School 

Energy Choices 

Energy in America’s Future: The 
Choices before Us, Sam H. Schurr et al. 
Resources for the Fixture. 555 pp. Johns 
Hopkins University Press, 1979. $30 
cloth, $10.95 paper. 

The Structure of World Energy De¬ 
mand. Robert S. Pindyck. 299 pp, 
M.I.T. Press, 19]9. $20. 

These books joiq several others, recent 
and expected, which treat energy as a 
major problem of our time. Useful and 
basic information is presented in readable 
form in each book. Energy in America’s 
Future, derived from a three-year study 
conducted by Resources for the Future, 


provides an excellent overview of the en ¬ 
ergy situation in the United States. As the 
title suggests, the book offers considered 
options on which to base energy strategy 
and policy. In contrast, the book by Pin¬ 
dyck deals with a much narrower aspect 
of energy: it summarizes an econometric 
study at M.I.T. supported by the National 
Science Foundation. This book might he 
viewed as an elaboration of one aspect of 
the broader study; however, each stands 
on its own merit, 

Energy in America’s Future includes 
the effects of recent events such as the 
Three Mile Island nuclear accident and 
President Carter’s speech in April on oil 
price decontrol The book makes an ap¬ 
peal for a national “consensus on long¬ 
term goals and agreement on the trade ¬ 
offs between near-term and more distant 
objectives.” It presents and compares 
energy systems in realistic terms, in¬ 
cluding national limitations as well as 
expectations, The discussion of limita¬ 
tions emphasizes the urgent need for 
concerted action to improve the U.S. en¬ 
ergy situation. 

The book urges that a proper balance 
be reached between short- and long-tern) 
goals. Decontrol of fuel prices is advocated 
in order to reflect replacement costs. 
Creation of a strategic oil stockpile and a 
synthetic fuel industry is recommended. 
Encouragement of light water reactor 
application and a strong breeder program 
are proposed. Conservation is seen as u 
desirable goal but difficult to reach 
through governmental policies other than 
incentives and regulations (such as auto¬ 
mobile MPG). 

The Structure of World Energy De¬ 
mand is somewhat technical, perhaps too 
technical for the casual reader. However, 
it presents intriguing models by which 
energy demand may be analyzed and 
projected. Pindyck examines the rela¬ 
tionship between GNP and energy use for 
various countries and suggests that tin* 
high correlation between energy use and 
GNP in the U.S. derives in part from the 
large supply and low cost of energy during 
the several decades preceding the recent 
price increases. He notes that residential 
users have few choices when faced with 
higher energy costs but that industry can 
substitute capital or labor for energy, the 
converse of past practices. 

The study points out; that the price 
elasticity of energy demand is small, with 
values as low as 0.2, and that consumer 
reaction against price increases will have 
little short-term effect, However, the 
model includes compensating measures 
such as conservation to reduce demand 
and conversion to other forms of fuel The 
book presents mathematical models for 
such long-term processes, using recent 
national and international historical data 
as a starting point, with tables of appli¬ 
cable data and a theoretical discussion of 
the mathematical models. 

The difficulty of modeling complex 
problems such as energy demand is ilhis 
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trated by a projection for OPEC oil prices 
from the 1977 base. The M.I.T. model 
predicted that, barring major events such 
as Mideaat war, oil prices would increase 
no more than 2 or 3% per year through 
1990 from a $13/barrel base; in fact, oil 
reached $23/barrel in less than two years. 
Although continued efforts in modeling 
are to be encouraged, the difficulties and 
limitations should not be underestimated. 
Those who would model subjective issues 
are reminded that modeling of even 
physical phenomena is difficult in a pre¬ 
dictive mode and requires validation, a 
need recognized by Pindyck and his col¬ 
leagues. 

Both books can be helpful in devel¬ 
oping a base for decision-making. Energy 
in America’s Future seems to be tailored 
for this purpose, whereas Pindyck’s book 
presents tools which may be used by 
specialists. Both fail to consider the con¬ 
sequences of an inadequate energy policy 
(supply) or of excessive development ef¬ 
forts. A study of these issues would he a 
helpful complement to these books, sig¬ 
nificant though they are.-D. B. Trauger, 
Nuclear and Engineering Technologies, 
Oak Ridge National Laboratory, TN 

The Energy Controversy 

Soft Path Questions and Answers. 

Amory Lovins et al. Hugh Nash, ed. 

450 pp. San Francisco: Friends of the 

Earth, 1979, $12.50 cloth, $6.95 

paper. 

Amory B. Lovins’s article “Energy 
Strategy: The Road Not Taken?” pub¬ 
lished in Foreign Affairs in October 1976, 
initiated an important controversy among 
those interested in energy policy, The 
book under review was commissioned and 
published by Friends of the Earth in part 
as a restatement of Lovins’s views but 
primarily to give Lovins the opportunity 
for point-by-point responses to critical 
analyses of the Foreign Affairs article and 
his other writings. In his responses he 
takes the position that his central thesis 
is concerned with broad, long-range 
strategies rather than with the role of 
specific technologies. 

Lovins’s thesis is built on the notion 
that we have a choice between two, and 
only two, exclusive energy strategies. The 
first, the “hard path,” has as its goal the 
continued provision of most of our needed 
energy by means of centralized, large- 
scale, “hard” technologies, with a strong 
emphasis on electricity, The “soft path” 
is supposed to supply the energy needed 
to maintain our standard of living and life 
style by means of noncentralized, "soft” 
technologies, including solar heating and 
cooling, biomass conversion to liquid and 
gaseous fuels, energy-efficient structures 
and devices (conservation), small-scale 
power plants, and the like. He claims that, 
because it is poorly matched to most of its 
uses, the role of electricity can be greatly 
reduced. 
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Most of Lovins’s critics agree that the 
soft technologies are better matched to 
end uses and therefore provide an excel¬ 
lent means for conserving nonrenewable 
energy resources. At the same time, they 
emphasize the greater flexibility in uses 
of electricity which, they feel, largely 
compensates for its poorer match with its 
uses. However, this is not the crux of the 
argument. The great difference is that the 
critics believe that Hard and soft are 
compatible and that, with the help of 
market forces, we should be seeking an 
optimum mixture of the two. Although 
Lovins agrees that hard and soft tech¬ 
nologies are compatible, he contends that 
strategies based on them are not. 

His reasoning is that, as long as a hard 
component continues to be a part of the 
accepted long-range objective, the gov¬ 
ernment-industrial monolith will press for 
centralization, blocking the institutional 
changes required to allow the soft tech¬ 
nologies to establish their natural position 
in the market place. Much of the detailed 
discussion relates to Lovins’s efforts to 
show that this natural position is a fa¬ 
vored economic position on the basis of 
what is now known about hard and soft 
technologies. These claims are met by 
counterclaims from the critics, the whole 
resulting in a bewildering array of argu¬ 
ments concerning the comparative eco¬ 
nomics of hard and soft technologies. 

Lovins. stands firm in excluding a 
middle path, and he therefore argues for 
immediate'sweeping changes in policies 
and attitudes. He admits that existing 
hard technologies cannot be terminated 
abruptly without undesirable effects, but 
proposes that no such new facilities be 
planned. His view is that, under these 
conditions, the soft technologies will have 
arrived at their natural level within the 
fifty-year life expectancy of the large in¬ 
stallations, making it unnecessary to re¬ 
place them. 

Lovins does not describe a method for 
rapidly implementing the far-reaching 
altitudinal changes he espouses, but, as¬ 
suming it were accomplished, I would 
expect the existing energy distribution 
system to deteriorate quickly for lack of 
support, maintenance; and development, 
Therefore, the mix of technologies prob¬ 
ably would not last long enough to ac¬ 
complish his objective, This mirror image 
of his argument for excluding the middle 
path is ript discussed in the book, 

The format chosen by the editor per¬ 
mits Lovins to respond paragraph-by- 
paragrgph to the writings of his critics, a 
technique which destroys the continuity 
of thought of the writer and reader. Those 
critics who refused permission for this 
arrangement had their wishes circum¬ 
vented by means of a two-column format, 
with responses next to each paragraph, 
making the material only slightly more 
readable. The arrangement is such that 
Lovins nearly always gets the last word 
and, when he does not, the editor does. 
There is so much at stake here that the 


debate is loaded with personal bias an 
emotionalism. This manifests itself j: 
many of the critical essays to such an tx 
tent that, in the Foreword, the edit, 
could give as a good reason for publishir 
the views of the opposition that “tk 
people who had done the most to hoist 
Lovin’s case were not his intellectual alii; 
but his most implacable critics.” Suchi 
the nature of overtly biased criticism, an. 
both the editor and Lovins should ha: 
taken the message to heart: their join 
effort to dispose of the critics displays n 
only bias hut also dogmatism, self-rigr, 
teousness, and arrogance, none of whin 
improves the quality of the debate.- 
Robert G. Sachs, Physics, University v 
Chicago 


Energy from Nuclear 
Power? 

Economic and Environmental Impaes 
of a U.S. Nuclear Moratorium, 1935 
2010, Institute for Energy Analy.4 
Alvin M. Weinberg, Charles E. Whitl- 
et al., eds. Perspectives in Energy. 3k 
pp. M.I.T. Press, 1979. $17.50. 

TOSCA: The Total Social Cost of CU 
and Nuclear Power. Linda Caines, E 
Stephen Berry, Thomas Veach Lorn 
II. 126 pp, Ballinger, 1979. $17.50. 
Nuclear Policies: Fuel without th 
Bomb. Albert Wohlstetter, Victor Oil 
insky, Robert Gillette, Roberta Wok! 
stetter. 107 pp. Ballinger, 1978, $15. 
In 1975, when most energy planners:' 
the United States were expecting a cor 
tinqous and substantial expansion </ 
nuclear power, the Institute for Energ 
Analysis (IEA) began an investigation a 
the consequences of a nuclear moratori 
urn. The moratorium presciently corah! 
ered by Alvin Weinberg and his colleague 
is not very far from current reality, a? 
suming that no new construction would h 
started after 1980 but reactors begun he 
fore then would be completed and ps 
into operation, Actually, a de facto mo: 
atorium on the issuance of new construe 
tion permits went into effect in 1979, are 
the IEA scenario is highly pertinent t, 
debates over the continuance of th 
moratorium. 

The greatest emphasis in the IEA stud; 
is on questions of energy growth rate arc 
energy costs. Its conclusions on future 
energy demand are consistent with th 
present conventional wisdom, projecting 
average annual growth rates from 19751; 
2010 of 1,4% in a “low” case and 2.3% im 
“high” case, both well below the 3,0% rati 
from 1950 to 1975, ■ 

Whatever energy growth occurs is ex 
pected to be mostly in the form of elec¬ 
tricity, The economic consequences ofi 
moratorium therefore depend upon .the 
comparative costs of coal and nuclear 
electricity generation (these being the 
realistic near-term alternatives), For the 
range of assumed future capital charge 
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IN BASIC, ENGINEERING, GEOPHYSICAL, LIFE, BUSINESS AND ADMINISTRATIVE SCIENCES 


The USAF Summer Faculty Research Program (SFRP), sponsored by 
the Air Force Office ol Scientific Research (AFOSR) and conducted by the 
Southeastern Center lor Electrical Engineering Education (SCEEE), 
provides research opportunities for qualified faculty members ol US col¬ 
leges, universities and technical institutions. These opportunities consist of 
ten-week summer research periods at one of 25 USAF 
laboralories/ceniers located al various Air Force Bases (AFB's) and Air 
Force Stations (AFS’s) across the US, with fallow-on research oppor¬ 
tunities being available through other AFOSR and SCEEE programs. 
Characteristics ol the 1980 SFRP are as follows: 

1980 SFRP OBJECTIVES; (1) To develop the basis for continuing research 
of interesl to the Air Force al the faculty member's institution. (2) To further 
the research objectives of the Air Force. (3) To stimulate continuing rela¬ 
tions among faculty mombers and prolessional peers In the Air Force. (4) 
To enhance the research Interests and capabilities of scientific and 
engineering educators, 

PREREQUISITES FOR APPOINTMENTS: To ho qualified lor selection as 
a Research Associate and SCEEE Fellow in the 1980 SFRP, applicants 
must: (i) be US citizens, (2) be tally members ol accredited US colleges, 
universities or technical institutes, (3) have at least Iwo years ol teaching 
and/or research experience, and (4) not have previously held a SFRP 
Research Associate appointment. Even though it Is anticipated that this 
research will he unclassified, Research Associates must hold or he eligible 
lor a Department ol Defense SECRET security clearance in order to Insure 
full access to work areas. All qualified applicants will receive consideration 
without regard to race, color, religion, sex, or national origin, Preference 


will be given to applicants having no previous research sponsorship by the 
Air Force. 

TERMS: Remuneration Is $450/week for ten weeks, A travel allowance will 
be paid lor a pre-program visit to the appointee's research site and lor the 
summer program. An allowance for lodging costs lor the tan-week period 
will also be paid, 

RESEARCH PERIOD: A continuous ten-week period between May 15, 
i960 and September 15,1980. Research start dale is flexible, 

APPLICATION DEADLINE: February 1.1980. 

ANNOUNCEMENT OF AWARDS: March 1, 1980. 

FOR APPLICATION FORMS AND FURTHER INFORMATION, PLEASE 
CONTACT VOUR DEPARTMENT HEAD OR: 

USAF-SFRP 0t1 CALL; 

SCEEE Management Office SFRP Office 

7300 Lake Ellenor Drive (305) 859-8527 

Orlando, FL 32809 

RESEARCH LOCATIONS AND DISCIPLINES SOUGHT: The following is 
a list of research locations and the disciplines sought al each of those loca¬ 
tions lor the 1980 SFRP. Please note that this list is alphabetical first by 
research location and second by the disciplines sought. Ask your Depart¬ 
ment Head, Doan, or Office ol Sponsored Research tor a copy of tho SFRP 
Application Brochure and Application Form, or call or write the SCEEE 
Management Office for your own personal copy. 
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AERO PROPULSION LABORATORY, Wrlght-Palterson AFB (Daylon), 
OH: Engineering: Electrical/Mechanical * Mathematics • Sciences, Basic/ 
Computer. 

AEROSPACE MEDICAL RESEARCH LABORATORY, Wright-Patterson 
AFB (Dayton), OH; Engineering, Aeronoutlcal/Blomedlcal/Com- 
municalions/Electrical/Industrlal • Sciences, Basic/Llie. 

ARMAMENT DIVISION, Eglln AFB (FL Walton Beach), FL: Chemistry • 
Computer Science • Engineering, Aeronautlcal/Electrlcal/Mechanical • 
Mathematics • Operations Research • Physics, 

ARNOLD ENGINEERING DEVELOPMENT CENTER, Arnold AFS (Tub 
lahoma), TN: Engineering, Aeronaulical/Eleotrlcal/Meohanlcal • Physics. 

AVIONICS LABORATORY, Wright-Patterson AFB (Dayton), OH; 
Engineering. Electrical • Mathematics • Sciences, Baslc/Computer/ 
Mapagemeni/Soltware. 

BUSINESS RESEARCH MANAGEMENT CENTER, Wright-Patterson AFB 
(Dayton), OH; Engineering, Industrlal/Systoms • Operations Research * 
Sciences, Behavloral/SoclOBConomlc. 

EASTERN SPACE AND MISSILE CENTER, Patrick AFB (Cocoa Beach), 
FL: Engineering, Astronautical/Electrlcal • Physics. 

ELECTRONIC SYSTEMS DIVISION, Hanscom AFB (Bedford), MA; 
Engineering, Eleclrlcal/lndustrlal • Mathematics < Operations Research • 
Physiology. 

ENGINEERING AND SERVICES CENTER, Tyndall AFB (Panama City), 
FL: Chemistry > Engineering, Chemical/Clvll/Electrlcal/Geotechnlcal/ 
Mechanical/Structural • Economics * Environmental Planning • Food 
Technology • Geophysics • Management, Natural Resourcos/Systema • 
Meteorology • Sciences, Behavloral/Computer/Envlronpiental • 
Sociology. 

FLIGHT DYNAMICS LABORATORY, Wright-Patterson AFB (Dayton), OH: 
Engineering, Aeronautlcal/Electrlcal/Mechanical • Mathematics. 

FRANK J. SEILER RESEARCH LABORATORY, USAF Academy 
(Colorado Springs), CO; Chemistry • Engineering, Aerospace/Electrical • 
Mathematics • Operations Research. 


GEOPHYSICS LABORATORY, Hanscom AFB (Bedford), MA: 
Meteorology • Sciences, Basic. 

HUMAN RESOURCES LABORATORIES: Advanced Synlems Division, 

Wrighi-Pallerson AFB (Dayton), OH: Econometrics • Engineering. Human 
Factors/Industrial/Loglsllos/Systems • Industrial Psychology * Inventory 
Theory • Management. Logisttos/Produclion/Systems • Operations 
Research • Organizational Theory • Science, Management • Transporta¬ 
tion Theory, Flying Training Division, Williams AFB (Chandler), AZ: 
Engineering, Aeronaulical/Electrlcal/Systems • Mathematics • Operations 
Research • Physics * Science, Computer; Personnel Research Division, 
Brooks AFB (San Antonio), TX: Mathematics * Pyschology, 
Educatlonal/Experimenlal/Induslrlal • Statistics; Technical Training Divi¬ 
sion, Lowry AFB (Denver), CO: Education * Instructional Technology * 
Psychology, Research • Science, Computer/Management. 

LEADERSHIP AND MANAGEMENT DEVELOPMENT CENTER, Maxwell 
AFB (Montgomery), AL: Engineering, Industrial • Management, Business. 

LOGISTICS COMMAND, Wrlght-Palterson AFB (Dayton), OH: 
Econometrics * Engineering, Industrial • Management Science • 
Mathematics • Operations Research • Statistics, 

LOGISTICS MANAGEMENT CENTER, Gunter AFS (Montgomery), AL: 
Engineering, Industrial • Operations Research. 

MATERIALS LABORATORY, Wright-Patterson AFB (Dayton): Engineer¬ 
ing, Industrial/Mechanlcal • Manufacturing Technology • Metallurgy • 
Sciences, Basic. 

ROCKET PROPULSION LABORATORY, Edwards AFB (Rosamond), CA: 
Chemistry, Analytioal/Inorganlc/Organlc/Physlcal • Engineering, 
Aeronautlcal/Elecirioai/Mechanioal/Nuolear * Physics, 

ROME AIR DEVELOPMENT CENTER! Grlfflss AFB (Rome), NY: Engineer¬ 
ing, Electrical • Mathematics • Physics • Science, Computer; Electronic 
Technology Branch, Hanscom AFB (Bedford), MA: Chemistry • Engineer¬ 
ing, Electrical • Physics, 

SCHOOL OF AEROSPACE MEDICINE, Brooks AFB (San Antonio), TX: 
Biochemistry • Blomathematlcs • Blostallstics • Cell Biology • Engineering, 
Blomadloal/lndustrlal * Mathematics • Operations Analysis • Physiology • 
Sciences, Baslc/Computer/Velerinary. 

WEAPONS LABORATORY, Klrtland AFB (Albuquerque), NM; Engineer¬ 
ing, Clvll/Electrical/Mechanlcal/Nuclear • Sciences, Basic/Computer. 
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m i.ok and fuel costs, coal generation is 
found to he more expensive than nuclear 
generation, with the total 2ft-year cost of 
a 1986-2010 moratorium lying between 
about $200 billion and $800 billion (in 
1975 dollars). 

What does one get for this money? The 
IK A analysis of the environmental im¬ 
plications of a nuclear moratorium 
suggests, in effect, not much. Headers 
accustomed to more apocalyptic discus¬ 
sions of both coal and nuclear power may 
here be surprised by the rather calm view 
taken in the IRA study. The only envi¬ 
ronmental problem which appears to 
elicit deep concern is the build-up of car¬ 
bon dioxide from the burning of fossil 
fuels. United States actions in themselves 
will make little global differences over the 
next half-century, hut serious difficulties 
might arise should other countries follow 
us in a nonnuclear policy. 

If environmental considerations are not 
overwhelmingly compelling, it becomes 
reasonable to incorporate them in an 
analysis in which all costs are put on a 
commensurate scale. The authors of 
TOSCA: The Total Social Cost of Coal 
and Nuclear Power attempt to do this, 
considering all domestic costs from min¬ 
ing to decommissioning, from concrete to 
cancer. The commensurate scale is in 
dollars, and some may be offended by the 
assigning of a price, however high, to 
human life. But the goal is to consider 
and, in the end, reduce adverse human 
impacts, not ignore them. For a wide 
range of assumptions the authors find 
that both the direct financial costs and 
total social costs are usually minimized by 
a mix which uses more nuclear power than 
coal, However, with the input parameters 
not definitively determined, the main 
immediate value of this intelligent and 
modestly stated book may be the example 
it provides of an objective framework into 
which energy studies can be placed. 

Even the most determinedly objective 
analysts will hesitate to place the prob¬ 
lems of nuclear weapons proliferation and 
nuclear war on the same quantitative 
scale as other costs. Nevertheless, the 
issues require rational consideration. This 
is offered in Nuclear Policies: Fuel with - 

■ out the Bomb, where the case against the 
K/ reprocessing of spent nuclear fuel is pre¬ 
sented in a series of informed and lucid 

■ essays, 

The argument, in brief, is that a coun¬ 
try will he able to implement more quickly 
a decision to build a bomb if it already has 
at its disposal plutonium from the repro¬ 
cessing of spent fuel. The argument is 
strengthened by evidence that repro¬ 
cessing is neither crucial to the safe, dis¬ 
posal of nuclear wastes nor of immediate 
economic advantage in the light water 
reactor fuel cycle, Nevertheless, repro¬ 
cessing is viewed in many countries as 
vital, especially for future breeder reac¬ 
tors, and it would have been helpful had 
the authors chosen to examine the im- 
: plications of the resulting, foreign dissent 
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from American nonproliferation initia¬ 
tives. 

There is another omission in the anal¬ 
ysis. The decision to postpone reprocess¬ 
ing in the United States has (iljogically, 
but, predictably) thrown our nuclear waste 
disposal program into further disarray. 
This in turn jeopardizes the entire nuclear 
power program. If one fears that energy 
shortages could lead to our involvement 
in war, one can come full circle. Ironically, 
the quest for fuel without the bomb may 
be increasing another danger: without fuel 
... the bomb. One cannot blame the op¬ 
ponents of reprocessing for this turn of 
events, but one can wish that the authors 
had anticipated and discussed it, 

Despite this caveat, each of these books 
is a valuable addition to the energy dis¬ 
cussion, and together they offer an ex¬ 
cellent immersion into some of the main 

nuclear energy issues.. TJauid Bodansky, 

Physics, University of Washington 


Mathematics Today 

Twelve Informal Essays. Lynn Arthur 

Steen, ed. 887 pp. Springer-Veriag, 

1978 . $ 12 . 

Mathematics is one of the great cre¬ 
ations of the human mind. Part art and 
part science, it is indispensable to our 
complex modern society, and yet few 
people have any idea of the nature of 
contemporary mathematics. Unlike the 
physical and biological sciences, where 
serious popular exposition has now 
created an informed lay audience, math¬ 
ematics is still surrounded by an air of 
forbidding mystery. 

This book represents a valiant, au¬ 
thoritative, and concerted effort to rem¬ 
edy this situation by describing a large 
part of present mathematics in nontech¬ 
nical language. Written by a distinguished 
group of mathematicians, it covers a va¬ 
riety of "pure" topics such as prime 
numbers, symmetry, geometry, and 
graphs, but the main emphasis is on “ap¬ 
plied" areas such as meteorology, cos¬ 
mology, biology, economics, computing, 
and statistics. Each topic is presented in 
its historical context, and its development 
is followed to the frontier of present 
knowledge, In addition to the essays 
dealing with specific areas, a verbatim 
record of a lively discussion on how 
mathematicians view their work is in¬ 
cluded, as well as an analysis of the rela¬ 
tionship between pure and applied 
mathematics, A convincing case is made 
for the essential unity of mathematics, 
with numerous illustrations of very pure 
topics that have eventually found im¬ 
portant applications, sometimes after a 
lapse of centuries. 

This book deserves to be widely 
read—not that it is uniformly easy read¬ 
ing. Inevitably, some chapters make more: 
demands on the reader’s powers of con¬ 
centration than others, but the opening 
sections, giving the historical background, 


are all very instructive and easy to follow 
More technical material, requiring per¬ 
haps college-level mathematical trainin' 
appears throughout the text in “option*, 
extra” boxes and can be skipped without 
undue loss. The diligent reader who ab¬ 
sorbs all the material will end up reason; 
ably well informed on "mathematic; 
today ."—Michael Atiyah, Mathematics 
Institute, Oxford University 


Physical Sciences 

Scarcity and Growth Reconsidered. V 
Kerry Smith, ed. 298 pp. Johns Hop 
kins University Press, 1979. $18.8: 
cloth, $6.95 paper. 

A book that deals with the “availabilit 
of natural resources for continued mite, 
rial well-being and economic growth 
might be expected to be dull fare for tr. 
average reader and to contain either sfit 
cialized economic discussions or unir 
spiring tables of resources, reserve h, an; 
extraction predictions. Scarcity uni 
Growth Reconsidered is an astonish® 
surprise. It is more a battlefield betwcsi 
competing ideas than a series of scholar) 
essays. The book itself is the result of: 
conference sponsored by Resources ft 
the Future in 1976. Even judging by tt- 
pale shadow of these proceedings, it mu- 
have been a humdinger of a confarerie 
The alternatives are posed at the begin 
ning by Stiglitz: “It is possible to haw 
sustained economic growth... [orj door 
is inevitable,” and while he takes t he es ¬ 
sentially optimistic view that our « 
sources will not be exhausted, he raisf 
the interesting issue of the eetmoni 
consequences of intertemporal equii; 
Will our descendants be left with an in 
poverished earth, and should our eo; 
nomic policy be designed to include futa 
equity in the price structure? * 

Herman Daly and Nicholas Ge« 
gescu-Roegen maintain that nature in 
poses "an inescapable general scarcity” 
and that it is a serious delusion to belies' 
otherwise. They conclude that wi* mu- 
reorient our society from growth ta¬ 
king-term steady state in which If 
overriding consideration is precisely it 
tertemporal equity: saving the earth fit 
future generations. Just when we art. 
convinced of the soundness of thin ami 
ysis, Harold Barnett presents a peraimp 
argument in which he claims that “i n tb 
history, each generation has passed totjn; 
next improved conditions of natural* 
source availability and economic pit- 
ductivity.” His careful study leads hi ml 
determine that this situation is certain! 
continue in developed countries, and tM 
it is even money whether it will oh tains 
the less developed countries. There fd 
lows an essay that attacks Barnett $ 
technical economic grounds, and 1 suspuS 
the battle has not abated since 1976. 
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Because they don't clearly understand the difference between 
Term andWhole Life insurance... and that a Term policy can 
typically provide five to ten times as much immediate family 
protection for the same money! 

As shown in the table below, a first year net outlay of only 
$150 buys a $142,000 TIAA 20-Year Decreasing Term policy or 
a $97,000 5-Year Renewable Term policy, for a man aged 30 or a 
woman aged 35, The same outlay used to purchase a Whole 


Life policy would give their family only $13,000 of family pro¬ 
tection. 

If you're like most of your colleagues in education and 
research, your first priority is to give your family the most finan¬ 
cial security tor the least amount of money—and that’s what 
TIAA Term is all about! Whatever your age, the difference in the 
level of protection available for just $150 is dramatic, as the 
table illustrates. 


Immediate Protection Available For $150 First Year Net Cost * 

For a IV 
Aged 

25 
30 
35 

40 . 

45 

‘Annual premium less cash dividend payable at the end of first 
.policy year, based on 1979 dividend scales. While not guaranteed, 

. dividends have been paid every year since TIAA's founding in 1918, 


For a Woman 
Aged 

20-Year Decreasing . 
Term Plan 

5-Year Renewable 
Term Plan' 

Whole 
Life Plan 

30 

$206,000 

$112,000 

$16,000 

35 

142,000 

97,000 

13,000 

40 

88,000 

74,000 

10.000 

45 

52,000 

48,000 

8,000 

50 

. 31,000 

31,000 

7,000 


Why such big differences? With Term you pay only for protec¬ 
tion, while a Whole Life policy combines protection with a 
savings (cash value) element. Remember, the protection part 
of life insurance is relatively inexpensive; it's when savings are 
included as well that a high outlay per $1,000 of coverage is 
required. \ 


If you’d like to know more, ask us to send two highly 
informative articles reprinted from The New York Times and 
Business Week that discuss the choice between Term and 
Whole Life, Weil gladly mail them, along with detailed personal 
information about TIAA policies for you. 


Mail coupon or call collect 

Just complete and mail the coupon at right, or call the TIAA Life 
Insurance Advisory Center (collect) 212-490-9000, If you wish, an 
Insurance Counselor will review your insurance needs with you and 
help you select the plan and amount that's right tor you. No obligation, 
of course. 

Eligibility to apply for a life insurance policy from Teachers Insur¬ 
ance and Annuity Association is limited to employees of colleges, 
universities, private schools and certain other nonprofit educational or 

research institutions. The employee's spouse is also eligible, provided 

■ rriore than half of the combined earned income of husband and wife is 
frorin: a qualifying institution. 
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Established as a nonprofit 
service organization by the 
Carnegie Foundation for the 
Advancement of Teaching 


Life Insurance Advisory Center ' SP8001 Vi 

Teachers Insurance and Annuity Association 
730 Third Avenue, New York, NY 1001 7 

Please send me the reprinted articles contrasting Term and Whole Lite, 
and personal illustrations of these TIAA policies 

□ Decreasing Term; □ 5-Year Renewable Term D Whole Life 

Please print 


n 


Name-—--— 

. Birthdate.. 



Stale ... ' . Zip.. 

Phone #s (optional) Home { ) 

Office ( ) . 



Your nonprofit employer (college, univ., private school, research institution. #. 
; if your, spouse is also eligible under the rules given at left, please provide: 


^Spouse's name. 


_Birlhdate , 
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The book is enlightening and profound; 
I highly recommend it to the scientist who 
thinks of resources in terms of physical 
stockpiles that have accumulated in geo¬ 
logical times. He will see a whole new side 
of the subject: the economist’s view of 
resources, where economic scarcity and 
physical scarcity are totally different 
concepts. I don’t know why it took three 
years to publish the proceedings of the 
conference, but they Were well worth 
waiting for,— Alexander Zucker, Asso¬ 
ciate Director, Oak Ridge National 
Laboratory 


Long Range Order in Solids. Robert M. 
White and Theodore H, Geballe, Solid 
State Physics: Advances in Research 
and Applications, Supplement 15.413 
pp. Academic Press, 1979. $39,50. 

A few years ago, I was fortunate enough 
to obtain a fellowship for study abroad 
and was immediately bombarded with 
queries from several publishers pondering 
whether there wasn’t a book that I wanted 
to get off my chest. I gave the matter just 
enough thought to dream up a title that 
pleased me—"Long-Range Order in Sol¬ 
ids”—and put the matter aside, spending 
my sabbatical year in less arduous and 
more pleasurable pursuits. It was a wise 
decision. With White and Geballe’s un¬ 
witting collaboration, a much improved 
version of the book I had in mind is now 
in print, leaving me with nothing more 
tedious than the rather pleasant task of 
reviewing the result. 

This book differs from its predecessors 
in the Solid State Physics Supplement 
Series, which can be accurately described 
as monographs on narrow facets of cur¬ 
rent solid’state research, in that it is an 
outgrowth of a seminar course taught by 
the authors and retains a distinctly in¬ 
formal and pedagogical flavor, I Can per¬ 
haps do no better in summing up the tone 
than to quote from the Preface: “[This 
book] is intended for students who have 
already had formal courses dealing with 
the general principles of solid state 
physics but who have had little exposure 
to real materials. We believe a great deal 
can be learned by looking carefully at 
experimental data, and that the experi¬ 
ence of doing so will develop judgment 
and intuition,” Fair enough. I buy this 
premise, and I believe the authors have 
been remarkably successful in producing 
a book which implements their view, 

The book is to be adrhired for the broad 
scope of the examples discussed. I can 
think of no other single volume that 
comes so close to making accessible such 
large sectors of currently active solid state 
research. Do you want an introduction to 
Spin glasses? Golckdne. modes? Bubble 
memories? Kosterlitz-Thouless pairs? 
These are more than buzz-words) they are 
ragged ..edges of the jigsaw puzzle, where 
current, advances (and mistakes) are being ■■ 
made, and this book puts them intoper- 
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spective. There is inevitably some sacri¬ 
fice in the depth of tjie treatment. There 
are many equations hut few derivations, 
and a serious reader will be left unsatis¬ 
fied. But more often than not the seminal 
papers of the original literature are cited, 
which greatly facilitates further study. 
And, of course, timeliness guarantees a 
degree of obsolescence, but this is a small 
price to pay for the view afforded, of the 
problems that are actively absorbing Solid 
state physicists. In fact, I can recommend 
this book not only to graduate students 
but also to'working physicists who have 
lost touch with the considerable recent 
progress in our understanding of the col¬ 
lective phenomena in solids.— J. D. Axe, 
Physics, Brookhaven National Labora¬ 
tory 


Quantum Mechanics. Arno Bohm. 

Texts and Monographs in Physics, 522 

pp. Springer-Verlag, 1979, $28.80. 

The physical paradigm known as 
quantum mechanics has been with us for 
over fifty years. Yet in spite of the dis¬ 
continuous impact it has had on our 
classical intuition, most modern texts 
present the subject primarily in classical 
terms, with appropriate—often major- 
modi fixations, Pedagogically, ’ there is 
much to be said for this heuristic view¬ 
point. 

Bohm’s book, based on lectures to 
first-year graduate Students, takes a sig¬ 
nificantly different approach in that it lets 
quantum mechanics stand on its own 
mathematical feet, propped up in critical 
places by experimental fact, It sticks to 
this line of development more consis¬ 
tently and carries it further than any 
other book I know. While not eiititely 
rigorous, the author insists bn mathe¬ 
matical correctness and clarity. He does 
not shy away from such , difficulties as 
continuum basis vectors, and he makes 
full use of the “rigged” Hilbert space.. 
Projection operators play the primary 
physical role, with the pure state treated 
as a special case of the riiore general den¬ 
sity matrix, Quantum mechanics and 
quantum statistical mechanics are thus 
unified, 

1 Physical phenomena are described, not 
with the intent of teaching, for example, 
atomic physics, but to display the richness 
and application of the theory. The unor¬ 
thodox order Of presentation illustrates 
this point. There is a detailed discussion 
of scattering theory and phenomenology 
at a level usually found only in specialized 
monographs,’ 

Negative points: there is essentially no 
relativistic quantum mechanics. Insis¬ 
tence on mathematical clarity and unity 
often makes even the simplest physics 
rather cumbersome. The mathematics is 
supposedly self-contained, but a strong, 
mathematical bent in’ the reader would 
not hurt; v A; 

I recommend this book to those who 


have been brought up in the stands: 
way; I urge those whose main exposure: 
to be Bohm’s book to look into the mo 
heuristic texts. After all, as Rick: 
Feynman has said, “Nobody underslan: 
quantum mechanics.”— Charles 1 
Sothmerfield, Physics, Yale Uhiveml 


Chemistry and Chemical Engineers 
in the People’s Republic of China: 
Trip Report of the U.S. Delegation; 
Pure and Applied Chemistry; John i 
Baldeschwieler, ed. 266 pp. Aineric. 
Chemical Society, 1979. $15 cloth, $9 : 
paper. 

This report is a rather complete sm 
mary of the observations of a 12-m 
team that visited PRC in the spring- 
1978 for a period of 3V2 weeks. The U-s 
visited lO.cities and.a total of 46 institute 
universities, colleges, and industry 
Having been a member of the Univerb 
of Wisconsin delegation to PRC dun. 
which we visited only four cities inf 
weeks, I can imagine what a strenuous te 
the Pure and Applied Chemistry ne¬ 
gation must' have had. Based on our tr 
perience, I caii appreciate that their? 
port is necessarily a summary of ink 
mation obtained primarily via form 
briefings and carefully planned laborafc- 
tours, probably with little opportunity f 
informal discussions. Visiting delegation 
are naturally shown the best that PRC fc 
to offer, and foreigners have little oppe 
tunity to gauge the level of activities in tb 
average'or mediocre institutions. Also m 
report of a trip of this kind quite natural: 
reflects the research interests of fh 
committee members. 

Nonetheless, this report is a spiendl 
contribution and should be read careful; 
by scientists and engineers who are m 
templating trips to PRC or who expect? 
receive visitors from PRC, The repo: 
contains discussions on recent politic . 
events, the institutions performing n 
search, governmental organizations, h 
ucational institutions, summaries of cu 
rent research activities, national researr 
policy, science communication, an 
manpower allocation. Two short chapter 
at the end give the committee’s gene?; 
impressions and conclusions (4 pages) an 
recommendations (1 page). The rep?? 
contains many photographs, tables r 
organizations, appendixes, and an inde. 
They also have an extensive listing ofa 
the people they met. (with names j 
Wade-Giles Romanization and in Ik 
PRC simplified Chinese characters 
Anyone wishing to establish commur 
cations with PRC chemists will find thi 
list helpful, / 

Those who wish to understand the po¬ 
litical, sociological, and cultural bad 
ground which led tb die tragic disrupts 
of academic pursuits in the last two det 
ades will find the little book Chine*. 
Shadows by Simon Leys (pen name o 
Piqrre Rijckmans), Penguin paperbab 


(1977), to be extraordinarily percep¬ 
tive— R. Byron Bird, Chemical Engi¬ 
neering, University of Wisconsin 


Electromagnetism: Principles and Ap¬ 
plications. Paul Lorrain and Dale R. 
Corson. 507 pp. W. H. Freeman, 1979. 
$12.50 paper. 

This text is a little brother to Corson 
and Lorrain’s Electromagnetic Fields and 
Waves, with which it shares idiosyncra- 
cies of approach and notation and some 
text. Designed for strong freshman 
courses or terminal electricity courses for 
nonphysicists, it competes with, among 
others, The Feynman Lectures, Vol. 2, 
and Purcell’s text in the Berkeley Series 
and features updated SI units and at¬ 
tractive format. It is briefer than its 
forerunner but not always clearer—dis¬ 
cussion of displacement currents and the 
definition of the B-field in terms of 
sources, clear in the senior work, are less 
so here. In general, the approach, begin¬ 
ning with a chapter on vector analysis, 
tends toward abstraction, and discussion 
of the theory is kept to a minimum. Good 
problems throughout the text, many 
based on applications like the ink-jet 
printer and the MHD generator, are a 
strong point; several have solution 
. hints. 

Many students will need more detailed 
explanation of physical concepts; in¬ 
structors who do this elaboration them¬ 
selves may find this a useful basic 
text ,—Brentqn P, Steams, Physics, Ho¬ 
bart and WilliamSmith Colleges, Gene¬ 
va, NY 

Guide to Basic Information Sources in 
Chemistry. Arthur Antony. Informa¬ 
tion Resources Series. 219 pp. Halsted 
Press, 1979. $14.95. 

This chemical information source book 
is successfully written for the student of 
. chemistry from college freshman through 
graduate level. The Guide will be a wel¬ 
come addition to most libraries—those in 
industrial as well as in academic institu- 
lions—for it is the most complete com- 
■ pilation of sources that has appeared in 
recent years. 

The types of sources included are, as is 
to he expected, Chemical Abstracts and 
1 other abstracts and indexes, Beilstein, 
periodicals, encyclopedias, monographs, 
and computer searching. A helpful final 
; chapter on search strategy describes 
eleven cases as illustrations of how to use 
the important reference tools in chem¬ 
istry. 

In addition, the author has included a 
substantial number of sources of kinds of 
often-needed information not generally 
found together in the same volume, such 
as guides to experimental techniques 
(preparative and analytical); safety 
manuals; data compilations (physical 
constants, spectroscopic data, etc.); style 


manuals and guides for authors; product, 
service, and company directories; as well 
as biographies and directories of scien¬ 
tists. 

Although others might have classified 
some of the sources differently, I think 
that anyone who needs to find informa¬ 
tion in chemistry will welcome this up- 
to-date source book.— Eugene J. Agnello, 
Chemistry, Hofstra University 


Microscopic Structure and Dynamics 

of Liquids. J, Dqpuy and A. J. Di- 

anoux, eds. NATO Advanced Study 

Institutes, Series B: Physics, 33.524 pp. 

Plenum, 1978. $49.50. 

This book describes the proceedings of 
a summer school held during 1977 in 
Corsica. More than half the volume com¬ 
prises the “Basic Lectures” by seven sci¬ 
entists, some of whom are recognized 
leaders in the field of liquid state science. 
I particularly enjoyed the series of lectures 
by F. Volino on spectroscopic methods for 
the study of local dynamics in polyatomic 
fluids. These eighty pages contain new 
pedagogical perspectives, and the tradi¬ 
tional subjects found in many other texts 
(e.g. the correlation function interpreta¬ 
tion of neutron scattering, dielectric ab¬ 
sorption, and light scattering) are pre¬ 
sented in a refreshing and lucid style. 

Other noteworthy contributions in¬ 
clude I, R, McDonald’s four lectures on 
molecular dynamics, J, P. Hansen’s con¬ 
cise description of properties of correla¬ 
tion functions (sum rules, symmetries, 
projectors, and memory functions), and 
a lovely short seminar by J. J, Weis sum¬ 
marizing what is known about the static 
properties of simple polar qonpolarizable 
fluids. 

In his closing remarks, P.-G. de Gennes 
indicates that molecular liquids (as op¬ 
posed to simple atomic fluidp) will he an 
important area of research in the future. 
It is unfortunate, therefore, that no 
mention was made in this volume of the 
already considerable progress in both 
theory and simulation of molecular liq¬ 
uids. Instead, we find a series of lectures 
discussing critical phenomena of fluids, in 
which P. C. Hohenberg flirts with the 
renormalization group algorithm without 
explicitly describing it, ahd spends most 
of his time discussirigthe classical theory 
of phase transitions anfi magnetic lattices, 
The material in A. D. Buckingham’s series 
of lectures on interatomic and intermo- 
lecular forces was interesting quantum 
chemistry twenty years ago, but is not 
particularly relevant to liquids. 

After reading J. G. Powles’s delightful 
accounts of some of the round table dis¬ 
cussions, Lam sure that the summer 
school was an enjoyable affair. Several of 
the reviews contained in this book will 
make the volume an important addition 
to the scientific literature.—Dawtcf 
Chandler, Chemistry, University of Illi¬ 
nois 


Adhesion of Solids. B. V. Deryugin, N. A 
Krotova, V. P. Srnilga. Trans. Roller? 
K, Johnston. Studies in Soviet Science. 
Physical Sciences. 457 pp. Plenum, 
1978. $49,50. 

The main theme of this book is that 
electrical force due to separation of 
charges in the interface between two sol¬ 
ids is often the major force holding parts 
together—adhesion. Deryagin ties to¬ 
gether theoretical arguments and exper¬ 
imental results obtained over a period ol 
forty years in an important contribution 
toward creating a science of adhesion, 
Deryagin and his co-workers have 
studied the sum of physical, chemical, and 
electrical forces that hold two solids to 
gether. From this study, electrical forces 
that orient themselves perpendicular to 
the surface being bonded in a Helmholtz 
double layer are found to be the mosi 
important. The existence of electrical 
forces at the interface is shown in many 
ways, including triboluminescences, radio 
waves, and high-energy electrons gener¬ 
ated when the interface is broken in a gns 
and by the decrease in adhesion forces 
when breaking is done in liquid media 
instead of a gas, 

Deryagin makes extensive use of ex¬ 
periments in developing concepts, The 
book includes descriptions of many in¬ 
genious devices for measuring—for ex¬ 
ample, the life of an adhesi ve joint under 
stress in a liquid, the energy absorbed in 
fracturing various types of adhesive bonds 
in varying environments, and the gener¬ 
ation of light on fracture. Descriptions of 
several of the devices are grouped in an 
Appendix for convenient reference. 

The book has a detailed Table of Con¬ 
tents but no Index. References at the end 
of each chapter focus on Russian work 
except for some basic papers published in 
other countries. The work will be useful 
to graduate students and researchers 
learning about or contributing to the 
science of adhesion, In addition, it will be 
a source of ideas to those searching for 
new adhesives.—J. R. Elliott, Research 
and Development, Loetite Corporation, 
Newington , CT 


Introduction to Solid-State Theory. < K 

Madelung, Solid-State Sciences, % 

Springer-Verlag, 1978. $28, 

Theoretical solid-state physics is a di¬ 
verse subject, and it is very difficult to 
present a first-principles approach inn 
coherent manner, This textbook, a 
translation of three paperback volumes 
that were very popular in Germany earlier 
in the decade, succeeds admirably in 
treating a large area of this subject in a 
unified way. The author adopts the point 
of view of one-electron theory and uses 
the concept of elementary excitation as a 
unifying theme. The greatest emphasis is 
placed on band theoretical concepts, but 
“localized” electrons are alluded to late in 
the book. An approach of this sort neees- 
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sarily gives greater emphasis to theories 
of metals and semiconductors than to 
insulators; hence, only three pages are 
devoted to crystal-field theory. Never¬ 
theless, the omitted areas are well treated 
in other works, and this book succeeds as 
a coherent exposition. 

The treatment is at a relatively ele¬ 
mentary level: diagrams and second 
quantization are introduced, but the full 
panoply of many-body theory is not dis¬ 
cussed. However, some group theoretical 
concepts are introduced early in the vol¬ 
ume. The book can be compared most 
closely in content to Ziman’s Electrons 
and Phonons. Madelung’s work should, 
indeed, supersede Ziman’s in many ways 
as an introduction to solid-state theory for 
graduate students in experimental and 
theoretical physics and in materials sci¬ 
ences. —Martin Blume, Physics, Brook- 
haven National Laboratory, Upton, 
NY 


Earth Sciences 


North American Geology: Early Writ¬ 
ings. Robert M. Hazen, ed. Benchmark 

Papers in Geology, 51. 357 pp. Aca¬ 
demic Press, 1979. $29.50. 

Geology developed slowly in the 
American colonies and in the new republic 
which took their place. Distances were 
great, travel was difficult, and there was 
little time for leisurely pursuit of pure 
science. The few thinkers who delved into 
geological problems followed European 
models, especially the constraining no¬ 
menclature introduced by Abraham 
Gottlob Werner in Germany and assid¬ 
uously preached by his disciple Robert 
Jameson at the University of Edinburgh, 
American higher education looked to 
Edinburgh as a great example, but 
American geologists did not become ov¬ 
erwhelmed with Wernerian dogma in 
their own interpretations. The seed for 
the first independent blossoming of 
American geology which was to come with 
the state surveys of the 1830s and 1840s 
was being planted. 

The Hazen family, in their diligent and 
ongoing compilation of a mammoth bib¬ 
liography on this subject, have found al¬ 
most 2,000 publications dealing with 
American geology before 1821 (although 
a large proportion of these could be called 
geological only in the broadest sense). 
Robert Hazen has judiciously selected 30 
of these early writings for the present 
volume, where they are reproduced in 
exact facsimile, only: slightly truncated 
here and there. His compilation is schol¬ 
arly, with brief introductions to each 
group of reprints and references to perti¬ 
nent literature. The result is a ,clear view 
of a seminal period of American geological 
thinking that is both fascinating and 
convenient, The original typography with 
all its quaint idiosyncrasies enhances the 
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mood of being with the long-gone authors 
and aids the imagination in attempting to 
reconstruct the spirit of the times. Anyone 
wishing to go deeper easily finds the tools 
for further study, the index is good, and 
one could hardly argue about the selection 
of authors. The introductions may appear 
shallow to some, because Hazen avoids a 
lot of interpretation, but I like it that way. 
Let the reader think for himself. The 
habit should be encouraged.—Henry 
Paul, Geology, University of Pennsyl- 


Geochemical Processes: Water and 

Sediment Environments. A. Lerman. 

481 pp. Wiley-Interscienee, 1979. 

$29.95, 

This book is a good summary of both 
the global and the local aspects of geo¬ 
chemical cycles and geochemical pro¬ 
cesses, with stress on the mathematical 
modeling of the various processes. The 
book is timely, since geochemists are be¬ 
coming much more involved with the 
mathematical modeling and quantifica¬ 
tion of the complex chemistry and physics 
that characterize the earth sciences. The 
author brings together a great number of 
different methods used to treat the rates 
of reaction and the transport processes of 
interest to geochemistry, 

As the title implies, the book’s main 
subject is low-temperature aqueous geo¬ 
chemistry, The major topics covered in 
the book include the modeling of geo¬ 
chemical cycles (global), the flow of 
aqueous solutions through permeable 
media, the diffusion equation, the mod-, 
eling of atmospheric water-gas interac¬ 
tions, the dissolution of minerals, sedi¬ 
mentation in oceans and lakes, and the 
early diagenesis of sediments. The book 
serves as a very useful introduction to 
geochemists interested in modeling some 
of these phenomena. 

■ It should be noted that this book differs 
from H. D. Holland’s recent book, The 
Chemistry of the Atmosphere and 
Oceans (Wiley, 1978), which unifies the 
chemical theories proposed to account for 
the observed geochemical data in sedi¬ 
mentary environments. The present book 
is much more concerned with the mathe¬ 
matical modeling; hence the two are 
complementary. 

This book has one important weakness, 
however. Throughout most of the book 
the author introduces equations—many 
of them empirical—without trying to ex¬ 
plain their validity or the reasoning be¬ 
hind them, This is an engineering ap¬ 
proach but not a fundamental scientific 
approach to modeling. The book is thus 
useful for the worker who wants to know 
the type of equations used in geochemical 
modeling, but it does not give a deeper 
understanding of the relation between the 
equations and the basic chemistry and 
physics involved, Nonetheless, I believe 
the book is well worth buying, especially 


for scientists who are involved or into 
ested in gaining familiarity with the tod 
of the trade of the geochemical in: 
deler.— A. C. Lasaga, Geoscience. 
Pennsylvania State University 


Rock-Forming Minerals, Vol. 2A:Sf 

gle-Chain Silicates, 2nd ed. W, A. I)u 

R. A. Howie, J. Zussman. 6(18 p: 

Halsted Press, 1979. $55. 

Most mineralogists and petrologic 
have regarded the five-volume 19(13 to 
tion of Rock-Forming Minerals as {!. 
most modern and useful general miiu: 
alogical reference work and have cage; 
awaited the expected second edition, 
this classic. This book is the first volur: 
of the new edition to appear, and it h; 
worthy successor to the earlier work. 

This volume is an updated (throe*; 
1976) and expanded version of the fie 
half of the original Volume 2, “(V 
Silicates.” It is divided into two seefe: 
the larger one on pyroxenes anti t 
smaller one on pyroxenoids and nth;' 
single-chain silicate minerals. The auth* 
have retained their earlier organization 
scheme, with sections on struetur; 
chemistry, physical and optica] prop;:: 
ties, and paragenesis for each miner 
entry. 

A comparison of this and the aid- 
volume reveals considerably greater <lcf. 
of coverage in the new edition, due be 
to its reduced scope and to the explode 
of information in this field since 19(13, i 
the authors note. One of the flaws of. lb 
new edition is most likely a result of thl 
expansion—there is some disorgamzatk 
in the inclusion of new information undt 
the old section headings. Furthermore 
the weeding out of material from the fir- 
edition that has become outdated in ih 
intervening years has not been thoroug 
enough. On the other hand, the newer!: 
tion has excellent comprehensive reft; 
ence lists, which are essential for a bod 
of this sort. 

There are points with which the mir 
eralogical specialist will undoubtedly wli 
to quibble, but this book is a most vain 
able reference work on pyroxenes and ro¬ 
be of great utility to mineralogists aisr 
petrologists .—Robert Tracy, Geolif, 
Yale University 


The Continuing Quest: Large-Sm’- 
Ocean Science for the Future. Nations; 
Research Council, Post-IDOEPItimiiri 
Steering Committee. 91 pp. NutionL 
Academy of Sciences, 1979. $11 
paper. 

Large-scale ocean science had its i«i 
gins in the International Geophysics 
Year, 1957-58. A decade later, in respons 
to both scientific and political pressure 
the International Decade of Ocean Ei- 
ploration (IDOE) was initiated. This 
publica tion represents the thinking of (In 
oceanographic community about thesci 


enfific challenges of the future as IDOE 
draws to a close. The link between fun¬ 
damental research and eventual applica¬ 
tion is emphasized, and the document 
should be of interest not only to managers 
and planners but also to anyone inter¬ 
ested in scientific challenges presented by 
the oceanic areas .—Charles L. Drake, 
Geology, Dartmouth College 


Pgleographip Principles of Oil and 

Gas Prospecting. N. I. Markqvskii. 

Trans. R. Teteruk-Schnejciep. 256 pp. 

Halsted Press, 1978. $19.95. 

This book, first published in 1973 in the 
USSR, is a useful and informative, al¬ 
though slightly outdated, summary of 
Soviet concepts and research ip the field 
of paleogeography as applied to petrole¬ 
um exploration—not an advanced text¬ 
book or treatise but an introduction. 

The first 130 pages are a summary of 
the principles of paleogeography and in¬ 
clude: (1) detailed discussions of sedi¬ 
mentary processes, sedimentary envi¬ 
ronments, and sedimentary structures; (2) 
good discussions of the importapee of 
paleogeologic and paleoclimgte recon¬ 
structions; and (3) numerous examples, 
present and past, of sedimeptary-basin 
models, mainly from the United States 
and USSR. The presentation }n English 
of numerous actual apd ancient sedi¬ 
mentary-basin models from the USSR 
makes the book invaluable. However, 
Markovskii incorrectly gives credit to 
Soviet geologists for many concepts first 
developed in North America and Western 
Europe, and many of his non-Soviet lit¬ 
erature examples have been outdated by 
later publications (e,g. “Sovjet geologists 
[in 1937] were the first tp note the asso¬ 
ciation of oil-rich areas with deltaic for- 
matiops”). Much to my surprise, Mar¬ 
kovskii seems totally unaware of Levor- 
sen’s I960 book on paleogeographic maps 
as well as of numerous atlases of paleo¬ 
geographic maps published since by var¬ 
ious guthors. Despite these lacks, Mar- 
kovskii’s suipmary of Soviet ideas on such 
regions as the U.S. Mid-Continent offer 
a few new insights that are much needed 
in U.S. exploration. 

The next 116 pages, entitled “Soviet 
Experience," deal with Soviet concepts 
and the two principal Soviet petroleum- 
producing basins, the Volga-Ural and the 
West Siberian. The very detailed exposi¬ 
tion of the Visean paleogeography of the 
East European platform iij an extremely 
important contribution to English-lan¬ 
guage literature, and the discussion of the 
West Siberian basin is one of the most 
informative published ip English. Un¬ 
fortunately, spveraj Soviet concepts, long 
accepted by USSR geologists, are alluded 
to without explanatory footnotes. Thus 
the concept of “zonality of oil and gas 
distribution” might be misinterpreted by 
someone unfamiliar with Soviet theory. 

Markovskii did not make good use of 


the large foreign literature available to 
him. The sections on reefs are weak, as the 
author himself admits—the direct result 
of the scarcity of reefs in most basins of 
the USSR. An unusual feature of the 
book—and one which is most valuable—is 
the repeated comparison and contrast 
between ancient and modern sedimentary 
complexes—lake basins, interior seas 
(Caspian, Aral, Baykal), deltas, find shelf 
deposits. The shortcomings, although 
numerous, are generally small and are not 
serious, except for the discussions of an¬ 
cient reefs, Errors of fact (including fail¬ 
ure to list numerous text references in the 
bibliography) and translation errors may 
be disconcerting to nit-pickers but do not 
detract from the author’s major points. 
The work is a very useful compilation, and 
the Soviet examples, most given for the 
first time in English, are invaluable; the 
book has no English-language counter¬ 
part, and therefore will be extremely 
valuable as a supplementary text and as 
a training manual in any course on 
paleogeography or petroleum geology and 
exploration.—Arthur A, Meyerhoff, 
Consulting Geologist, Tulsa, OK 


Pathways of Pollutants in the Atmo¬ 
sphere. T. M. Sugden, ed. 169 pp. 

London; The Royal Society, 1979. 

£13.30. 

The Royal Society has rendered a great 
service to the general scientific commu¬ 
nity by issuing this excellent monograph 
on the scientific basis of air pollution 
transport phenomena, For too long we 
have given too low a priority to developing 
the earth sciences compared to that given 
to other areas of science and technology, 
As a result, many scientists are not suffi¬ 
ciently familiar with the earth as a phys¬ 
ical and biological system to evaluate ei¬ 
ther the present level of our knowledge 
concerning it or the potential of our 
technological activities to perturb it. 
Many people are becoming aware, how¬ 
ever, through simple human experience, 
that our perturbations can be consider¬ 
able, and our technical capability seems 
to be inadequate to compensate for or to 
prevent them. Disturbances to the at¬ 
mosphere on local, regional, and global 
scales due to the discharge of pollutants 
are especially noteworthy. 

The Royal Society’s monograph eleg¬ 
antly achieves two purposes: it reviews in 
great scientific depth many of the key 
pollution transport research problems in 
atmospheric science, and it is persuasive 
that a proper understanding of these 
problems requires great scientific depth 
and expertise drawn frpm several disci¬ 
plines. Consequently, it both informs the 
general scientific reader about the sub¬ 
stance of these key problem areas and 
instructs him concerning the opportuni¬ 
ties and needs for serious and high-level 
scientific effort to explore them with the 
thoroughness they deserve, The lafter 
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recognized by many as the leading 
interdisciplinary periodical in the en¬ 
vironmental sciences. 

Now, with the aim of broadening an 
already international coverage and reader- 
ship, AMBIO will be published and 
distributed through a joint arrangement 
between the Royal Swedish Acadepriy of 
Sciences and Pergamon Press. 

Regular issues contain general articles on 
current environmental problems and 
challenges and reports on original 
research in the field. Special issues give 
a more comprehensive treatment of 
some topical subjects, e.g, issues arc 
planned on the Baltic and threatened 
ecosystems. 
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may be the more important aspect of this 
valuable monograph. 

The authors, drawn largely from the 
academic and research community of the 
U.K., review in 12 separate papers strat¬ 
ospheric ozone and the natural and an¬ 
thropogenic trace gas fluxes arid chemical 
reactions essential to maintaining its 
steady state concentration; the depen¬ 
dence of global mean temperature on 
tropospheric carbon dioxide, chlorofluo- 
romethane, and aerosol concentrations; 
the dispersion and chemical reactions of 
sulfur dioxide originating in combustion 
sources of Europe; the organic chemistry 
of some carcinogenic pollutants; the 
transport of lead aerosol from motorways; 
the biological effects of air ppllutanta on 
plants and animals; and the philosophy 
and strategies for air pollution monitoring 
and control. The availability in book form 
of these papers will help bring to the sci¬ 
entific community the attention 'they 
richly deserye .—John W. Winchester, 
Oceanography, Florida State Univer¬ 
sity 


Introduction to Marjne Pollution 
Control. Jerome Williams. Ocean En- j 
gineering Series. 173 pp. Wiley-Inter- ’ 
science, 1979. $21.95. 

Although ostensibly written for engW 
neers, this smajl book combines a notv| 
technical treatment of the major aspect# 
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of marine pollution and some of its social 
context (8 chapters) with a technical, 
highly mathematical discussion of se¬ 
lected aspects of physical oceanography 
(3 chapters). The nontechnical intro¬ 
duction to pollution problems draws 
heavily on publications of the NAS-NRC 
(1969-76) and on an EPA publication: 
Estuarine Pollution Control and As¬ 
sessment (1975). Williams’s presentation 
of basic oceanographic concepts is drawn 
primarily from. His 1962 textbook. Un¬ 
fortunately, the text does not indicate the 
sources of the major concepts or even the 
figures anti tables, Thus, it is not possible 
to refer to the source documents for am¬ 
plification or more data. 

Engineers may find the technical pre¬ 
sentation of physical oceanography to be 
more useful. Basic equations for geostro- 
phic currents, diffusion, and other phys¬ 
ical processes are presented and briefly 
discussed. But these elementary concepts 
and equations are only remotely related 
to pollution problems. 

To me, the most interesting part was 
the last two chapters on the management 
and the future of the marine environment, 
These chapters include short sections on 
a variety of topics, including costs, risks, 
arid benefits; management requirements; 
goals, guidelines, and standards; and ways 
to involve the public. The many environ¬ 
mental crises of the 1970s amply demon¬ 
strated that scientists and engineers have 
much to learn in these areas.— M. Grant 
Gross, Chesapeake Bay Institute, The 
Johns Hopkins University 


The Bteaches Are Moving: The Drown¬ 
ing of America’s Shoreline, Wallace 
Kaufman and Orrin Pilkey. 326 pp. 
AncSbr Press/Doubleday, 1979, 
$10.95. 

Beaches and their related environ¬ 
ments have become one of man’s most 
valuable and yet most abused resources, 
Approximately 75 percent of the people 
in the United States live within 50 miles 
of the coast, and many more vacation 
there, but unfortunately the vast majority 
have no understanding of the nature of 
beach and barrier island dynamics, The 
authors have provided a well-written and 
informative book for the general reader. 

Principles of coastal dynamics are in¬ 
troduced in the first few chapters. Several 
chapters then consider some of the prob¬ 
lems we must face in utilizing these areas, 
A particularly interesting chapter treats 
historical aspects of man’s relationship 
. with the coast, beginning with the ancient 
civilizations surrounding the Mediterra¬ 
nean, 

The book does have some shortcomings 
that should be mentioned. The most un¬ 
fortunate of these is the total absence of 
photographs. It is hard to imagine a 
326-page book about the shore without 


pictures, I was hoping, also, for more 
substance in the chapter on legal aspects 
of coastal use, Editorial mistakes arid er¬ 
rors in content are minimal and probably 
will go unnoticed by most readers. The 
appendixes are quite informative and will 
be very helpful to the nonspecialist. 

Overall, the book is readable and of 
topical interest in this day of environ¬ 
mental concern. I strongly recommend it 
for anyone who enjoys the seashore. 
Richard A, Davis,Jr„ Geology, Univer¬ 
sity of South Florida, Tampa 


Ocean Science. Keith S. Sttiwe. 610 pp. 
Wiley, 1979. $17.95, 

' Scientific aspects of oceanography are 
used here as the vehicle for stimulating 
the curiosity and fostering an apprecia¬ 
tion of scieflce and scientists, Complex 
phenomena and their basic causes are 
made clear by the use of everyday exam¬ 
ples, A seiche, for example, is explained by 
imagining the swirling of liquid in a tea¬ 
cup, inertial motion inlerms of a snowball 
on a merry-go-round, the greenhouse ef¬ 
fect by analogy with a pinball machine, 
diffusion, as the motion of an army of fast 
but blind ants, 

Well-chosen illustrations throughout 
also aid in the elucidation of phenomena 
difficult or time-cotisuming to explain in 
words. Thus, the photograph opening the 
chapter on ocean circulation shows a 
massive iceberg pushed in one direction 
by subsurface currents, while floating ice 
chunks ride surface currents in the op¬ 
posite direction, 

Each of the 15 chapters contains an 
outline, introduction, body, summary, 
and questions sequentially tied to the 
chapter contents, and there is a glossary 
and an extensive index at the end of the 
hook. Chapter divisions and subtitling 
make for ease in reading as well as quick 
reference. 

The danger of oversimplifying complex 
scientific findings is brought to the at- 
, tention of the careful reader, For example, 
in dealing with concentrations of trace 
elements (in parts per billion), the authdt 
states; “Their concentrations are fre¬ 
quently so small that it is a major accom¬ 
plishment to detect certain trace elements 
at all, not to mention making a quantita¬ 
tive determination of their abundances.” 
He further demonstrates that not all 
mysteries are yet solved arid provides 
unanswered questions as food for 
thought :■■■; 

The principal defect of this book is the 
lack of references to research studies. 
Nowhere, can the reader document state¬ 
ments or search for further insight irito 
any particular subject. No suggestions for 
further reading are included. The book 
would be more valuable to keep long after 
a course is completed if such material 
were included. 


This shortcoming is outweighed by the 
book’s success in getting across much of 
the excitement of science and a sense of 
why so many of us pursue scientific ca¬ 
reers. Ocean Science is an important bool 
representing a new era of communicating 
science— Edward E. Southwick, Bio- 
logical Sciences, SUNY-Brockport 


Liffe Sclehces 

Behavior of Captivb Wild Animals. Ha 

Markowitz and Victor J. Stevens, edf 

314 pp. Nelson-Hail, 1978. $15.95. - 

Every zoo administrator must serious!; 
consider how to improve conditions .fit- 
the animals in his care while at the sai 
time giving the visitor a better chance ti 
view and to learn more about each animal 
From this point of view, Behavior ( 
Captive Wild Animals will be useful!< 
zoo administrators and curators. Tfe 
book is, however, quite restricted in scopa 
and, unfortunately, it ,does not really (lea 
with the problems and complexities of Ik 
topic. Only authors Myers and Steven- 
are concerned with the practical side* 
this research, which zoos are lookin' 
for. 

Cheney makes a number of suggestion 
in tliri lead article which are not tin) 
controversial but which, if followed, wouk 
place zoos in a bad light with all human 
groups and with the general public. 7m 
can never really consider allowing the', 
predators to have the opportunity k 
make their own kills on a regular basis.!: 
would be hard to find any real justified 
tion for such a course and most zoos coul 
not afford to dii it for reasons of publicity 
and budget. 

In spite of this, the book will be of gret 
interest, since many of the ideas discuss 
could apply to zoo conditions and cut 
increase activity in some exhibits- 
Donald Bruning, New York Zoologies 
Society 


Fish Physiology, Vol. 7: Locomotion J 
S, Hoar and D. J. Randall, eds. 576 pf 
Academic Press, 1978. $47.50. 

This excellent volume brings together 
a number of carefully reviewed subject;;, 
in a field that has grown immensely sink 
the First days when James Gray showk 
(in his research papers and the class! 
How Animals Move, 1953) that animt 
locomotion is an ideal place for nature 
history and the mechanical and physio 
logical Sciences to meet. The work is 
intended to be a survey of the wholr 
subject but rather is concentrated ink 
two major areas. Form and function 


swimming capacity, hydromechanics and 
behavior form the first group of four 
chapters, and more physiological and 
metabolic topics are the theme for the last 
four. All the chapters are well done, and 
it is perhaps invidious to single out for 
mention Lindsey’s openjng chapter on 
locomotor habits in fish and Stevens and 
Neill’s chapter on temperature relations 
in tunas as being especially timely (at 
least to the reviewer), 

There are stijl ijjany technical problems 
in the study of fish locomotion. The dif¬ 
ficulties presented by working with many 
species, particularly large ones, and the 
evident differences between steady 
swimming in a lqporatory water flow and 
unsteady, irregular swimming in natural 
conditions are bqt two of the more ob¬ 
vious that are carefully considered in this 
book. At the other pnd of the subject, the 
hydrodynamic models available are many 
times more sophisticated than those 
available twenty-five years ago. The stu¬ 
dent of this subject therefore has to work 
carefully to avoid being caught in the 
. traps set by older studies in which obser¬ 
vational data and attempts at general¬ 
ization and reduction have Jed to gross 
oversimplification. Fish locomotion in this 
sense is very much a youthful and growing 
science. 

This whole series has been a great suc¬ 
cess, and all associated with the venture 
have reason to pe proud of Volume 7 — 
Keith Stewart Thomson, Biology, Yale 
University 


The final chapter relates the analyses 
and models of predator-prey systems to 
biological control of insect pests. These 
analyses help provide us with a better 
understanding pf the ecological basis for 
biological control. 

The book js well written and docu¬ 
mented and is an important contribution 
to our understanding of predator-prey 
population systems. I highly recommend 
it to scientists and students interested in 
the theoretical aspects of population dy¬ 
namics.— David Pimentel, Entomology, 
Cornell University 


Modern Approaches to the Taxonomy 
of the Red and Brown Algae. D. E. G. 
Irvine and J. H. Price, eds. 484 pp. Ac¬ 
ademic Press, 1978. $60.50. 

Eighteen papers presented at a sym¬ 
posium sponsored by The Systematics 
Association are included in this book. 
Most of the contributors are British, but 
the scope of the papers is eclectic and 
gives a representative sampling of devel¬ 
opments in the taxonomy of the red and 
brown seaweeds, In the introductory 
paper, A. D. Boney reflects the view that 
the taxonomic study of marine algae has 
progressed little beyond the descriptive 
“pioneer,” or “alpha,” state. The re¬ 
maining papers suggest vigorous efforts 
by phycologists to remedy this condition 
and to move algal systematics into the 
mainstream of the science. Some papers 
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The Dynamics of Arthropod Preda¬ 
tor-Prey Systems, Michael P. Hassell. 
Monographs in Population Biology, 13. 
237 pp. Princeton University Press, 
1978. $16 cloth, $6.95 paper. 

This book examjnes the components of 
predation by utilizing difference equation 
models. Arthropods were selected for this 
. study because of the relative abundance 
of data on insect populations, which have 
attracted investigations because of their 
importance tp agriculture and forestry 
plus their short generation times. 

The important components of preda¬ 
tor-prey models investigated by Hassell 
in some detail include a density-depen¬ 
dent, rather than a constant, prey rate of 
increase; several forms of functional re¬ 
sponse; nonrandom searching and pred- 
ator rates of increase that depend on the 
factors affecting predator survival, de¬ 
velopment rate, and fecundity. Later in 
the book more complex population sys¬ 
tems are investigated that involve poly- 
phagous predators and how they can in¬ 
fluence the coexistence of insect com¬ 
petitors, The interactions of one predator 
with other predators are considered, with 
emphasis on environmental conditions 
that would enable several predators to 
coexist. 


report on the application of specific 
techniques to the study of seaweeds; 
others give a more general review of the 
contribution of a methodology, such as 
transmission electron microscopy, to the 
taxpnomic study of the algae, while still 
other papers report on the use of one or 
more techniques in the study of a partic¬ 
ular group of red or brown seaweeds. 

In part the papers reflect increased re¬ 
search on living algae. Culturing has be¬ 
come a routine procedure, which, for in¬ 
stance, permits study of life histories or 
comparison of classical morphological 
characteristics under controlled condi¬ 
tions. At the same tiipe, work is being 
dprie through detailed study and experi¬ 
mentation with plants in the field, Phy¬ 
cologists are alsp now starting to use nu¬ 
merical techniques to evaluate traditional 
taxonomic groupings. Some biochemical 
studies have confirmed and extended 
traditional classifications, whereas others 
appear to be of little use. Transmission 
electron microscppy has clarified the eu¬ 
karyotic status of the red algae, and 
scanning electron microscopy has poten¬ 
tial for making known additional char¬ 
acteristics which may prqve useful: at the 
genus and species levels. Thig book will 
give the neophyte phyqologist some idea 
of the potential for the taxonomic study 
of seaweeds and will give specific infor¬ 
mation of interest to the specialist.-!?. B. 
Searles, Botany, Duke University 


Physiology of Annelids. P. J. Mill, ed, 

683 pp. Academic Press, 1978. $58. 

This collection of reviews, written by 
leaders in their respective fields of spe¬ 
cialization, summarizes the current status 
of selected topics in annelid physiology, 
The title slightly understates the coverage 
of annelid biology; the book also touches 
on taxonomic relationships among worms, 
and a number of chapters include fairly 
detailed treatment of anatomy where it )B 
useful in understanding function. Nev¬ 
ertheless, the book is intended primarily 
for research specialists and advanced 
students interested in the physiology 
rather than the general biology (if 
worms. 

The’orientation of most chapters is 
more toward organismal and organ-ays- 
tetri physiology than molecular and cel 
lular physiology. This tendency reflects 
the historical neglect of these levels of 
investigation in worms. However, these 
areas have received attention recently, 
and a chapter or two on metabolism and 
cellular function would have been helpful. 
Biochemical information is presented 
only as it pertains to topical aspects of 
organ and tissue function. 

The reviews are generally compendious, 
although not always terribly insightful or 
synthetic, The literature citations extend 
through 1976, with limited coverage »*i 
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1977. Some of the chapters are nicely il¬ 
lustrated, others Hardly at all. Aside from 
the ordering of the chapters, there is little 
cohesion and the individual contributions 
are not as extensively cross referenced as 
they might he. The volume would also 
have benefited from the services of a good 
copyeditor, 

Physiology of Annelids would be a 
worthwhile addition to a specialized li¬ 
brary collection, institutional or private, 
on invertebrate biology, particularly 
comparative physiology. Its primary 
utility, however, would he as a reference 

source.. Clay ttasmnaii, Biology, Uni- 

varsity of California, Riverside 


Mazon Creek Fossils. Matthew H. Ni- 

tecki, ed. 581 pp. Academic Press, 1979. 

$29.50. 

Unlike the fossils of practically any 
other soft-bodied fauna, Mazon Creek 
specimens can be collected any Sunday 
afternoon with a good chance that exam¬ 
ples belonging to extinct phyla will turn 
up, a fact appreciated by the many ama¬ 
teur collectors who have made outstand¬ 
ing contributions to the fauna. The 18 
chapters deal with the paleobotany, the 
invertebrate and vertebrate paleontology, 
and the geological setting. Use of cam¬ 
era-ready copy has given indifferent re¬ 
production of the photographic figures, 
and with such exceptional fossils this is 
regrettable. The contributions cover a 
wide but by no means exhaustive area, 
and a synthesis of taphonomical details 
would have been particularly welcome. A 
combination of old and new information 
is presented, and important new data are 
available, especially on cnidarians (Fos¬ 
ter) and chondrichthyes (Zangerl). Par¬ 
ticularly noteworthy chapters are by J. M, 
Hchopf and Fisher. Schopf discusses as¬ 
pects of plant preservation with a series 
iff thoughtful observations, while Fisher 
jirgues with characteristic thoroughness 
for subaerial activity in the horseshoe crab 
iiuproops dame. 

Schram addresses the important 
question, touched upon by several other 
authors: To what extent is this fauna 
within the continuum of Carboniferous 
biotas? Although Schindel and Yochelson 
note a lower diversity among the gastro¬ 
pods than expected, Schram's thesis that 
this is not a.unique fauna is broadly cor¬ 
rect, I feel, however, that he has overem¬ 
phasized similarities with other faunas 
(sometimes on the basis of limited data) 
and thereby blurred some significant 
differences. 

’ Mazon Creek is justly famed for unique, 
species such as Tullimonstrum , Although 
usually regarded, as the only known 
member of an extinct phylum, Tulli- 
monslmm is reinterpreted by Foster as a 
heteropod-like mollusc, This reassess¬ 
ment glosses over significant differences, 
and the traditional viewpoint seems 
preferable.:-' 


This hook represents an important ac¬ 
cumulation of data, especially as the lit¬ 
erature on extraordinary fossil faunas is 
usually widely scattered. Perhaps it will 
act as a spur for similar contributions on 
other such faunas and itself will be only 
one milestone toward a comprehensive 
synthesis of this remarkable fauna.— 
Simon Conway Morris, Earth Sciences, 
Open University, England 


The Audubon Society Book of Wild- 

flowers. Lea Line and Walter Henricks 

Hodge. 260 pp. Harry N. Abrams, 1978. 

$37.50. 

This volume is the third of a series 
presenting wild birds, wild animals, and 
now wildflowers. A beautifully printed 
book containing 181 color plates, it dis¬ 
plays certain of the world’s wildflowers 
organized by habitat under thirteen fan¬ 
ciful chapter headings such as "Amid 
Sand and Sun," "Floating Gardens," and 
"Under the Firs and Spruces.” Line’s brief 
Introduction is followed by a series of 
descriptive texts for each of the habitats, 
written in a lucid, conversational style by 
Hodge and accompanied by the color 
plates, captioned by Line, 

One is impressed initially by the sheer 
size and weight of this book, as well as its 
lavish production. When not presented 
with a full-page view of some exotic 
specimen, the reader is confronted with 
smaller bursts of color radiating Irom the 
black pages that contain the other illus¬ 
trations. The photographs, collected from 
a variety of sources, including Hodge, are 
in many cases dazzling and in most ar¬ 
resting.’ After reading each section (one 
must first just “thumb through" and scan 
the reproductions), I found I had learned 
some new and interesting facts about 
particular flowers or flower families, 
though now and then I was confused by 
the placement of the captions. 

As a photographer (and amateur nat¬ 
uralist) I became frustrated with the il¬ 
lustrations, no matter how dazzling, The 
more time I spent with the book the less 
dear I became about its single-minded use 
of the photographs. To use photography, 
one should make more and better use of 
its descriptive powers. It seemed strange 
to me tha t in a book with so many plates 
I hud to do so much reading to get a sense 
of the size, scale, and, in some cases, the 
overall structure of a plant, The text, re¬ 
plete as it is with interesting facts and 
descriptions of the flowers and their 
habitats, does not convey the sense of 
delicacy or awesome size of the flowers 
with the clarity or authority that could 
have been accomplished photographi¬ 
cally. Perhaps it is for this reason that I 
later found the photographs only pretty 
illustrations—sterile portraits lacking, in 
the end, a true beauty, The world of these 
flowers enhances their beauty as well as 
contains it, but we have been given 
something more akin to cut flowers than 


to living plants. If the authors repeat thei: 
collaboration, I hope they “muddy then 
shoes" and take advantage of the ahilitj 
of a photograph to convey more of tin 
true beauty contained in these liviti 

plants.. Thomas A. Brown, Phntogn 

phy, Yale University School of Art 


The Marine Algae of Virginia, Hard 

J. Humm. Special Papers in Mark 

Science, 3.263 pp. University Press* 

Virginia, 1979. $12.50. 

This hook provides a comprehensk 
guide to the seaweeds of the Virgin 
segment of the mid-Atlantic const of tl 
United States. This is a neglected regiif 
for the only modern treatments of m 
weeds on the Atlantic coast are directs 
to either the northeast flora or the tropr 
A short introductory section describes tl 
ecological and phytogeographic conte: 
of the Virginia shore. The introduction 
to the different major taxonomic gn«[- 
include discussions of their general bit! 
ogy, the most extensive of which is < m tl 
bluegrecn algae, a group often left out 
floristic treatments of seaweeds. The W 
of the text consists erf taxonomic keys am; 
descriptions of taxa. The author tab 
pains to point out the limitations of key 
but his appear to be simple and usable,/ 
few of the 174 species included have nr 
been seen in Virginia, but they have tot; 
observed on the coasts to the north ait: 
south. 

Some of the taxonomic decisions of tl. 
author are questionable (e.g. Soli ora \< 
nera for what must be Neoagnrdhii 
baileyi; inclusion of Trailidla in lit- 
Geramiales while acknowledging t hat it 
a stage in the life history of a member 
the Nemaliales). However, the mlevr 
literature is usually fully cited for this 
wishing to consult the primary reform 
A significant limitation, particularyfe; 
the nonphycologist, is the lack of ad 
quate illustrations. Most of the plait- 
graphs are unclear, many lack seal os, air. 
they are generally of little use. 

As an introduction to the seaweeds* 
Virginia the hook should prove useful! 
students and scientists of the region * 
stimulate further study of the? 
plants.—/irc/iord B. Searles, Hotm 
Duke University 


Light Transducing Mem brants 
Structure, Function, and 15voluti» 
Proceedings of the Joint Austral® 
American Seminar on the Evolutions 
Light-Trapping Biological Systems 
Honolulu, 1977. David W. Deamer.ei 
358 pp. Academic Press, 1978. $17. 
This collection of papers contributes* 
important dimension to our perception 
of the evolution of structure and functi# 

in membrane-dependent energy conva 

sion systems. It is conveyed through 


good selection of topics and authors who 
develop their discussions through a 
skillful blending of theoretical concepts, 
experimental results, and comparative 
analysis of energy conversion in prokar¬ 
yotes, eukaryotes, and organelles. 

Part 1 covers prebiotic evolution of 
membrane components and progresses to 
principles regulating the assembly, orga¬ 
nization, and structure of lipid mem¬ 
branes. Part 2 includes discussions of self 
assembly of phospholipid membranes and 
a theoretical treatment of packing of lip¬ 
ids and proteins in membranes and as¬ 
sembly of viral membranes. In Part 3 the 
authors concentrate on energy transduc¬ 
tion in a well-defined bacterial system. 
The papers deal with the organization of 
protein and lipid in the purple membrane 
and the evolution and function of chem- 
iosmotic mechanisms of energy capture 
and ion transport in the Halobacteria. 
The fourth part is devoted to an analysis 
of contemporary light transducing sys¬ 
tems. It begins with a general discussion 
of possible mechanisms for proton 
translocation and a discussion of the ev¬ 
olution of proton transport and the rela¬ 
tion of proton gradients to ATP synthesis, 
pH regulation, and solute transport. The 
balance of this section is largely devoted 
to an analysis of the relation of proton 
gradients to the high energy state which 
drives ATP synthesis in chloroplasts. 

One very impressive and useful aspect 
of this work is the clear relationship 
drawn between membrane structure and 
organization and chemiosmotic energy 
conservation mechanisms. A second is the 
delineation of the importance of the de¬ 
velopment of proton gradients and 
membrane potentials to the energetics 
and regulation of solute transport in cells 
. and organelles. The unifying aspect of the 
work is the excellent exposition of the 
relationship between membrane compo¬ 
sition, structure, and function in energy 
transduction as seen in evolutionary 
perspective .—Ernest G. Uribe, Biology, 
Washington State University 


The Mycoplasmas, Vol, 1: Cell Biology. 

M. F. Barile and S. Razin, eds. 647 pp. 

Academic Press, 1979. $46. 

Comparatively little interest was paid 
to the pleuropneumonia-like organisms 
■ (PPLO), renamed mycoplasmas, during 
the first six decades after their discovery. 
The cultivation of mycoplasmas on cell- 
free media, 'the finding of links with 
human diseases, and the discovery of 
economically important plant and insect 
diseases associated with mycoplasmas 
during the last decade resulted in a burst 
of new information. In 1969 Leonard 
Hayflick edited a single volume on my¬ 
coplasmas that covered the whole field as 
known at that time and served as the 
source of information for a few years, In 
1973 I edited Mycoplasma and Myco¬ 


plasma-like Agents of Human, Animal 
and Plant Diseases. It, too, soon became 
outdated. Now the timely decision has 
been made by Barile and Razin to publish 
a three-volume treatise covering the en¬ 
tire field of mycoplasmology. 

The first volume, which brings together 
a mass of information widely scattered in 
numerous journals, will be welcomed by 
microbiologists, medical and veterinary 
workers, virologists, biochemists, geneti¬ 
cists, molecular biologists, entomologists, 
and plant pathologists. The chapters are 
well written and referenced and should be 
useful both to specialists and to others 
desiring an overview of mycoplasma re¬ 
search. Nonspecialists will appreciate the 
comprehensive and authoritative chap¬ 
ters dealing with taxonomy, morphology, 
growth requirements, motility, molecular 
biology, respiratory pathways, membrane 
isolation and composition, transport 
systems, antigenicity, mycoplasma and 
spiroplasma viruses, and special features 
of achoieplasmas, ureaplasmas; thermo¬ 
plasmas, and anaeroplasmas, Neimark’s 
lively, scholarly discussion on the phylo¬ 
genetic relationships between mycoplas¬ 
mas and other prokaryotes provides an 
original insight into the possible origin of 
the whole group. Razin’s two chapters, on 
isolation of mycoplasma membranes and 
on membrane protein, scintillate with 
research ideas on almost every page. The 
chapter by Roger M. Cole on rod-shaped, 
spherical, and polyhedral viruses of the 
wall-less prokaryotes deserves specific 
praise. Several authors place their own 
research against the general background 
of work carried out in other laboratories 
and outline the possible direction of fu¬ 
ture developments. 

Although the book is written by fore¬ 
most experts in mycoplasmology, it is not 
a definitive treatise, but rather an interim 
progress report. It updates and expands 
the reviews written by some of the present 
authors and covers the literature up to 
1977. The bibliographies are excellent for 
the periods covered. This volume will 
benefit not only medical, veterinary, and 
agricultural researchers but will also 
provide a helpful reference source for 
graduate students. Many mycoplasmol- 
ogists will want to add it to their personal 
libraries .—Karl Maramorosch, Micro¬ 
biology, Rutgers University 


The Bacteria: A Treatise on Structure 
and Function, Vol. 6: Bacterial Diver¬ 
sity. L. Nicholas Ornston and J. R. 
Sokatch, eds, 603 pp. Academic Press, 
1978. $45, 

The genetic and biochemical basis of 
bacterial diversity, particularly in the area 
of biodegradation and detoxification of 
synthetic compounds, including antibi¬ 
otics and pesticides, has recently been the 


subject of intensive study. This volume 
focuses on the factors that govern such 
diversity. The quality of the reviews 
makes the book extremely timely and 
valuable. 

An excellent article by Bennett anil 
Richmond defines current understanding 
of the molecular events in. evolution, 
showing the role of plasmids, particularly 
of Insertion Sequence (IS) elements and 
transposable events, in the evolution and 
rapid spread of antibiotic resistance, 
Clarke, in an elegant article, gives a lucid 
presentation of the laboratory experi¬ 
ments on the biochemistry of degradative 
capabilities of microorganisms, work that 
greatly accelerated our understanding of 
the biochemical and genetic mechanism* 
of evolution, Of special interest in Da 
gley’s article on enzymatic steps and re¬ 
action mechanisms employed by micro¬ 
organisms for catabolism of organic 
compounds is the section on the experi¬ 
mental approaches to studying evolution 
of new metabolic functions in bacteria, 
especially those against man-made com 
pounds and industrial by-products. 

Konisky’s thorough review of the anti¬ 
bacterial proteins stresses not only their 
diversity but also their important eco¬ 
logical consequences in enhancing bac¬ 
terial virulence. The regulation of one 
carbon compounds by diverse groups of 
microorganisms is the subject of an ex ¬ 
haustive review by McFadden. 

In an article dealing with energy 
yielding reactions in bacteria, Stouthanu-r 
discusses the mechanism of ATP gener¬ 
ation and the factors, that govern molar 
growth yield of bacteria. Harold, writing 
on vectorial metabolism,.shows the im¬ 
portance of spatial organization and file 
role of membranes in directing metabolic 
flow. Dutton and Prince use photosyn- 
thetic bacteria'as a model system to de¬ 
scribe photosynthesis, emphasizing this 
central role of the hydrophobic membrane 
protein that serves to convert light energy 
to electrical energy in the generation <4 
ATP. 

All in all, The Bacteria, Vol. 6, provide-* 
a glimpse of the emerging concepts of 
bacterial diversity that -are basic to our 
understanding of evolutionary changes in 
life processes. In selecting the subject* 
and authors, the editors have shown the 
kind of judgment that makes reading the 
booh a fascinating and rewarding experi¬ 
ence.—4. M Chakrabarty, Microbiology 
and Immunology, University of lllinw 
Medical Center-, Chicago 


The Bacteria: A Treatise on Structure 
and Function, Vol. 7: Mechanisms oi 
Adaptation, J, R. Sokatch and L 
Nicholas Ornston, eds. 393 pp, Aca¬ 
demic Press, 1979. $45. 

In the last few years, the mechanism- 
controlling bacterial survival and multi 
plication in different environments him 
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become topics of prime interest to biolo¬ 
gists and even to the general public. The 
debate over the possible hazards of re¬ 
combinant DNA methods and incidents 
such {is the outbreak of Legionnaires’ 
Disease forced the subject onto the front 
page and the television screen. Both the 
need to address the conjectured creation 
of the Andromeda strain by genetic en¬ 
gineering and the less newsworthy (but 
more .significant) problem of dwindling 
effectiveness of antibiotic therapy have 
spurred increased attention to the 
mechanisms underlying bacterial patho¬ 
genesis, survival, and spread. 

Thus, the stage was set for the appear¬ 
ance of a book which summarized recent 
progress jn the area of bacterial adapta¬ 
tion and defined present avenues of re¬ 
search. Unfortunately, this volume does 
pot fill the bill. Most of the review articles 
deal with adaptation to specific environ¬ 
ments only tangentially and are princi¬ 
pally concerned with the molecular biol¬ 
ogy of specific: aspects of bacteriology--- 
spores, nitrogen fixation, chemotaxis, cell 
surface, surface appendages, cell walls, 
outer membrane, bacteriophage evolu¬ 
tion, and cell division, Although three of 
the reviews deal specifically with the 
surface of E. coli, for example, there is no 
discussion of the role of surface adhesion 
factors in intestinal colonization by en- 
ternpathogenic E. coli. 

The reason for the failure of this vol¬ 
ume to live up to its title is that the editors 
never seriously considered a series of ar¬ 
ticles devoted to mechanisms of adapta¬ 
tion. • Rather, they were interested in 
publishing an update of the first five vol¬ 
umes of this series, produced in the 
sixties. Typically, one of the best reviews 
(Tipper and Wright on cell wall structure 
and biosynthesis) is really a summary of 
progress in the field since Strominger’s 
review on t)ia same topic in Volume3, The 
articles vary in quality (those on cell wall, 
outer membrane, and cell division are 
particularly interesting), and the bibli¬ 
ography does not include titles of the ex¬ 
amples cited, Since most of these topics 
have been covered recently in various 
Annual Reviews, I would advise potential 
individual buyers to save their money,™ 
James A, Shapiro, Microbiology, Uni¬ 
versity of Chicago 


Molecular Biology and Biochemistry: 

Problems and Applications. David 

Prei folder. 308 pp. W. H. Freeman, 

. 1.978. $6.95 paper. : 

Freifelder’s concise volume provides an 
excellent learning tool for contemporary 
molecular biology. The book is divided 
into 1,7 chapters, with a collection of more 
than 500 problems, ranging from the sort 
that an introductory student can handle 
to those that graduate students will find 
challenging. Each chapter, prefaced by a 
brief overview of the subject and a list of 
carefully selected readings, provides a 


study guide to one aspect of molecular 

biology. „ . , i 

The problems usually include some 
experimental results and a series oi 
questions concerning the interpretation 
of the data. Oriented toward the func¬ 
tional biological aspects of molecular 
biology rather than the chemical aspects, 
the prohlems are almost entirely con¬ 
cerned with genetic questions- -the na¬ 
ture of the genetic material and its ex¬ 
pression. A chapter concerned with rele¬ 
vant experimental techniques includes 
many classical biochemical techniques, as 
well as recent developments in restriction 
mapping and DNA sequencing. 

Only one chapter is concerned with the 
molecular biology of eukaryotes. Tjiere is 
no mention of the current excitement in 
yeast genetics nor of the isolation of eu¬ 
karyotic messengers, synthesis of cDNA. 
and the powerful new techniques now 
available to study gene expression in eu¬ 
karyotes. Perhaps the molecular biology 
of eukaryotes is still too amorphous and 
descriptive for rigorous problem¬ 
solving, 

As a supplement to traditional texts in 
biochemistry, genetics, and microbiology, 
the book will be a useful teaching tool 
through problem-solving, It also demon¬ 
strates that molecular biology can provide 
mental gymnastics of the sort enjoyed by 
logicians and readers of mystery 
stories.—-<■/«mev L Botsford, Biology, 
New Mexico Stale University, Las 
Cruces 


CRC Handbook of Microbiology, 2nd 
(id., Vol. 1: Bacteria. Allen I. Baskin and 
Hubert A. Lecbevalier, pels, 757 pp. 
CRC Press, 1977. $69.95. 

This volume, one of a continuing series, 
is a completely redone version of the 1973 
edition. It is an excellent compendium of 
basic knowledge about the bacteria and as 
such will be an invaluable reference for 
serious workers in the field. While it is 
difficult to pick a portion of the volume 
that is of greater interest than other sec¬ 
tions, the chapters on paleomtcrobiology 
and the mollicutes are of particular In¬ 
terest in that they contain a wealth of new 
information that is well presented, 

I heartily recommend this volume to all 
academic microbiologists as an invaluable 
source of reference information,—L am* 
rente B. Smterfit, Microbiology Labo¬ 
ratory, New York Hospital 


The Circadian System of Man: Results 
of Experiments under Temporal Iso¬ 
lation. Rutger A, Waver. Topics in 
. Environmental Physiology and Medi¬ 
cine. 276 pp, Springer-Verlag, 1979. 
$48.90. 

This book is unusual among mono¬ 
graphs in that 95% of the dpta presented 
were collected in the author’s laboratory 


at, the Max Planck Institute. The bool 
therefore stands as a well-deserved trib 
utc to its creator. I was especially please; 
to see the book because many of the ait 
thor’s papers originally appeared in Gq; 
man and were thus not easily availablet: 
many modern scholars. As a consequent, 
Wever’s fine work was not cited by otht; 
as often as it should have been. On tl 
other hand, the translation is too often m 
good, sometimes making smooth readir 
difficult and the exact intent of sent 
statements difficult to grasp. 

The data presented cover years of w« 
by the authors, and the book is in eve: 
sense a magnum opus. The presen tatir, 
is scholarly, more in the style of a joum 
article than of p book; in fact, the milk 
refers to the work throughout as '• 
paper," Ami true to this format, and wit 
the persistence of a good scientist, Wevi 
milks the data for everything they % 
yield ... even occasionally belabor^; 
small points. 

The overall conclusion is, of cour- 
what Wpver and others demonstrate 
years ago: man is a very rhythmic* boir; 
with an efficient system of timekeepk 
mechanisms. Specific generalization; 
(with a few important exceptions) ait 
mostly so well known that they need |i? 
he repeated jiere; but this is not to HiiRgo 
that I do not think the book is a valuali 
contribution-—it is. Well illustrated at: 
informative, it stands as a repositoryi| 
the evolution of our understanding i 
human rhythms as well as a sourcebook 
valuable and interesting facts pbout man; 
temporal underpinnings. I recommend! 
to all .—John n. Palmer, Depprtnifot 1 
Zoology, University of Massachusetts 


Genetic Disorders among the Jewi 

People. Richard M. Goodman. 493 p; 

Johns Hopkins University Press, lift. 

$32.50. 

This volume partially fills an "micic 
forteblp” void in the medical and genet 
literature, The subject is uncoml’ort# 
to Jews because of the horrible am 
quenees that resulted from the clefinitk 
of a Jewish “race.” It is uncomfortable! 
others both because of the holocaust i 
because much of the eugenic literature* 
this century was directed toward “pro 
ing" why Jews and many other etlf 
groups should not be allowed to migrjt 
to the United States, England, and otk 
countries. In this book, Dr. Goodman! 
tempts to place the known facts ini 

unemotional perspective. 

Although brief in outline, the ini 
chapters should be read by anyone inter 
ested in genetics or social history. H 
origins and genetic heterogeneity off 
three major Jewish communities are!;; 
scribed and the often loosely used tepid 
Ashkenazi and Sephardic defined,* 
chapter considers the mention of genet 
diseases in the Bible and Talmud. ft 
volume then goes on to describe th® 


diseases that do have a higher frequency 
in the various Jewish communities and 
those for which the evidence novy suggests 
that previous claims of increased risk 
among Jews were incorrect. Finally, the 
book attempts to place these studies in a 
perspective similar to that of Victor 
McKusick’s studies of the Old Order 
Amish. 

Because the book is directed at several 
different audiences, it would be easy to 
criticize several of its sections, largely on 
the basis of incompleteness. For example, 
the short chapter on family history and 
modes of inheritance would have been 
covered in any elementary genetics 
course, and the medical descriptions are 
of necessity sketchy. I would suggest 
reading the introductory and final chap¬ 
ters, using the central chapters as refer¬ 
ence to specific problems, arid reading 
about general genetic principles else¬ 
where. The book brings together a large 
body of material from diverse sources and 
can be highly recommended to anyone 
interested in genetics or medicine.— 
Richard E. Hillman, Pediatrics and Ge¬ 
netics, Washington University School of 
Medicine, St. Louis 


Sports Medicine and Physiology. 

Richard H. Strauss, ed, 441 pp. W. B. 

Saunders, 1979. $16.95. 

A scholarly book that is lucid and easily 
read is welcome in any area of science but 
particularly in sports medicine, where §o 
many fields of research and practice in¬ 
teract and the generalist must know at 
least the fundamentals of each. Editor 
Strauss, who is assistant professor of 
medicine and a physician in the Sports 
Medicine Clinic at Ohio State University, 
and 24 contributors have produced a book 
which is intended as a text for college 
students in the fields of physical educa¬ 
tion, coaching, and athletic training but 
which can be read with pleasure and 
profit by physicians serving sports teams 
and by others working in this growing 
field. 

The first section, comprising six chap¬ 
ters on the basic physiology of exercise, is 
a model of clarity and concisioii. In par¬ 
ticular, Armstrong’s discussion of the 
liberation and use of energy and skeletal 
muscle physiology makes a very complex 
subject easy to understand. Other chap : 
ters range from the medical supervision 
of athletes to physical activity and aging, 
and heart disease. 

Although the scope of sports medicine 
has not been defined, the book might have 
given more significant discussion to 
physical exercise in the prevention as well 
: as in the treatment of acute and chronic 
disease and to sport for the handicapped. 
Special commendation is deserved for the 
excellent line drawings, diagrams, graphs, 
and charts that illustrate the text. There 
is a good index and an appendix which 


includes position statements of the 
American College of Sports Medicine,— 
Allan J. Ryan, Medicine, Edina, MN 


Biomaterials: An Introduction, Joon 

Bu Park. 251 pp. Plenum, 1979. 

$22.50. 

, This is a concise survey of implantable 
materials for dental and orthopedic ap¬ 
plications or artificial internal organs that 
are , exposed to body fluids. It covers both 
biological and manmade materials. The 
presentation is lucid, and the material 
selected is interesting. It can serve as a 
useful textbook for college students at the 
undergraduate level. The mathematics 
and mechanics background required is 
elementary. The worked-out examples 
and problems for solution should serve as 
a useful teaching aid.— Y. C. Fung, Ap¬ 
plied Mechanics and Engineering Sci¬ 
ences, University of California, San 
Diego 


Liver Carcinogenesis. Karoly Lapis and 

Jan Vincents Johannessen, eds, 413 pp. 

Hemisphere, 1979. $35, 

Among the flood of liver books that 
have appeared in the past years, a few 
have been devoted to liver cancer. At first 
glance this may seem to be just another 
one; however, reading it proved to be a 
rewarding experience, The two editors, 
pathologists with interests in ultrastruc¬ 
ture—one in Hungary, the other in Nor¬ 
way-assembled talent from all over the 
world to contribute to this volume mark¬ 
ing the 25th anniversary of Norsk Hydro’s 
Institute for Cancer Research in Oslo. The 
book is also an issue of the Journal of 
Toxicology and Environmental Health. 

The first half is concerned with human 
hepatic cancer. Three chapters cover en¬ 
vironmental carcinogens, making the 
point that no substance can be conclu¬ 
sively labeled a human carcinogen. The- 
next four chapters, on contraceptive ste¬ 
roids, are repetitious and mainly concern 
benign hepatomas. The role of hepatitis 
B is briefly discussed and its relation to 
cirrhosis is described at length. This is 
followed by two chapters each on mor¬ 
phology, biochemistry, and therapy, in¬ 
cluding one, by a Hungarian, that details 
the use of drugs not available in the 
United States. Pessimism is the general 
therapeutic watchword. 

The second half of the book consists of 
12 chapters on experimental studies. Five 
chapters are about a virus-induced hep¬ 
atoma in chickens studied in Hungary, 
and three are about tissue culture. As a 
clinician interested in the liver, I found 
the first half better, and I expect that it 
will remain useful for quite a while. The 
second half is well done but probably will 
be soon out of date. Anyone concerned 
with the clinical problems of carcinogen¬ 
esis in the liver is advised to obtain the 


Turn your 
manuscript 
into a book 
in 90 days! 

Wanted; hook manuscripts on 
all subjects. Expert editing, 
design, manufacture and mar 
keting—all under one roof. 
Completed hooks in 90 days, 
Low break-even. Two FRET*, 
hooks aqd literature give de¬ 
tails, costs, success stories. 
Write or phone Dept. 306 

Exposition Press, Inc, 

900 South Oyster Bay Road 
Hicksville, New York 1'iSoi 
(516)822-5700 , 


book. Those interested in basic media 
nisms of carcinogenesis in general will nut 
find the book helpful. The quality of the 
numerous micrographs is fair despite the 
use of nonglossy paper.-Fenton 
Schaffner, Pathology, Mount Sinai 
School of Medicine, New York 


The Concept of a Blood-Brain Bar¬ 
rier. Michael Bradbury. 465 pp. 

Wiley-Interscience, 1979. $55, 

Bradbury, an able investigator in the 
tradition of Davson, here presents the 
results of his own work on the BBB in the 
context of a thorough review of the world 
literature, bringing the subject up to 197(1 
A few of the 990 references date from 1977 
and 1978. 

Impressively complete data are well 
supplemented by 192 tables and charts, 
27 informative drawings, and 19 halftones 
of good quality. A suitable subject index 
is included. 

Grammatical purists may be dis¬ 
mayed-split infinitives and other minor 
solecisms abound, and several substantive 
sentences are garbled. Nevertheless, the 
13 chapters cover excellently all aspects 
of the BBB: gross to electron-microscopy 
anatomy, electrochemical characteristics 
and specificities, phyletic parallels and 
embryologic development, and normal 
and abnormal function, 

As a source, this monograph will be in 
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valuable to researchers in the field, and it 
is a candidate to replace Davsnn's classic 
as required reading for clinical neurolo¬ 
gists,---/lid Garoulta, Neurology and 
Anatomy , Univmity of California 
School of Medicine, Son Prnncmi 


Behavioral Sciences 

Prehistoric Cordage. William M, Hur¬ 
ley. Alclino Manuals on Archeology, 3. 
154 pp. Salem, NH: Merrimack Book 
Service (Taraxacum), |979, $15. 
r Phis volume is composed of two parts. 
In the first four chapters, the author rec¬ 
onciles the terminologies for prehistoric 
cordage that have been independently 
developed in American and Japanese ar¬ 
chaeology, The second part (Chapter 5) is 
a ease study in the analysis and interpre¬ 
tation of late Woodland pottery in eastern 
North America, utilizing the knowledge 
presented in the first part of the hook. 

In Chapters 3 and 4,271 different types 
of cords and 34 types of fabrics are repli¬ 
cated, and photographs of cords them¬ 
selves, plasticines of their impressions, 
and the formulae which show the manip¬ 
ulations of the cords are included. These 
provide a good manual for archaeologists 
who are dealing with prehistoric cordage 
in different parts of the world. The ter¬ 
minology developed here makes if possi¬ 
ble to compare and analyze by the same 
standards description of prehistoric cords 
produced under different circumstances. 
It becomes possible not only to achieve a 
better cross-cultural understanding of 
cordage but also to evaluate more fully its 
cul tural and historical significance among 
prehistoric societies. 

Despite the success of the first part of 
this volume, the subsequent case study 
seems to he premature. The aut hor draws 
several interesting conclusions by using 
statistical techniques to analyze late 
Woodland pottery, but does little in the 
way of sociocultural evaluation, The in¬ 
troduction of hypothetical models based 
upon ethno-archacolngiail reswi'rch.wmW 
. have been necessary for this kind of re- 
search.— Ktmw Suzuki, Archamlujty, 
■ Km Universityi Tokyo 


Neuropsychology, Michael B. (lazznni- 
ga, eel. Handbook of Neurobinlugy, 2. 
56(5 pp. Plenum, 1979. $115. 

The study of brain organization in 
relation to human higher mental function 
has recently intensified, and for good 
reason. The analytic reductionism that 
has been typical of the. neumsciences is 
clearly unequal to the effort to under¬ 
stand how the brain serves mental pro¬ 
cesses, The topographical enterprise of 
the neuropsychologicallocalizalionaliHts 
is also yielding diminishing ret urps to our 


understanding of bruin and mind. Mental 
processes involve interacting systems, and 
powerful tools for studying systems art' 
now available. As neuropsychology enters 
the eighties, it can address a more pro 
found question: How do things work when 

we use our brains to think? 

As techniques apt! concepts from other 
disciplines become available, as interest 
in neuropsychology spreads into the fields 
of artificial intelligence, semiotics, and 
philosophy, and as applications arc at ¬ 
tempted in education mid even hie,mess 
administration, the need for a coherent 
statement of where the field is now ml 
whore it might move tomorrow is dear. A 
handbook is needed that addresses nei¬ 
ther conventional clinical categories pur 
yesterday’s burning issues hut critically 
scrutinizes the methods and concepts that 
have brought the science to its present, 
point. Such a handbook should sort tacts 
from conjecture fn an fantasy as a basis jur 
the steps not yet taken, No such sweeping 
vision inspired the volume under pview, 
it is, rather, one more collection of essays 
varying from excellent to inept, as col* 
tected essays customarily tin, and covering 
some subjects well (language disorders in 
adults), some sketchily (developmental 
disorders), some derisnrily (conscious- 
ness), and some hardly at nil (agnosia, 
dementia, comparative human neuro¬ 
psychology, pharmacological neuropsy¬ 
chology, and the classical detailed study 
of the single rare case). This is a typical 
edited book, on balance no bet ter or worse 
than the rest, Mtimd Kinslmtrnr, 
Hospital for Sick Children, Toronto 


Sensory Processing in the Brain; An 
Exercise In Neuns'omiective Modeling, 
Dean R Wooldridge, 378 pp. Wiley- 
Interscience, I!!?9. $25, 

Wooldridge tries to show how wwm- 
hinges of neuron-like elements with par¬ 
ticular interconnections could produce 
common perceptual experiences, He first 
draws on modern neurophysiology to 
characterize several basic types of ele¬ 
ments, and then variously interconnects 
sets of elements to provide explanations 
of perception, This method tacitly as¬ 
sumes a linear {ransfnnimtion between 
patterns of activity in the model and 
psychological phenomena. In treating 
different sensory systems, Wooldridge 
tackles such problems as the experienced 
continuity of tin* body surface despite its 
discontinuous cerebral representation; 
how we see a stable world despite eye 
movements; and how we hear speakers 
with different voices say identical sen* 
I cnees. This model deliberately snys 
nothing about the formation of memory 
traces, although it sometimes demands 
retrieval of these traces, 

This hook continues the earlier efforts 
of Pitts and McCulloch to explain per- 
caption with models of nerve net#, Like 
them, Wooldridge uses redundant circuits 


to protect against failure of individui 
components, awl checks whether tk* 
number ot theoretically required element, 
remano below the number of neuron; 
available m t in- brain. All models of the 
class, however, are too powerful for tied 
sive testing against psychological dab 
The models contain so many variable 
that imorrect psychological assumption' 
or predict ions art* easily remedi ed t 
reassigning values to parameters or k 
reconnecting networks. The pripeipf 
sites lor testing such models lie in nciut 
physiology, where observations shout 
match Hie model’s essential feature 
Wooldridge fully appreciates this point 
Unfortunately, currently available Hat 
fail to confirm one fundamental aspect! 
his theorizing. Wooldridge liberally list 
“criterion indicating neurons” through)* 
this model. These elements are either- 
lent or lire at their maximum rates one 
a stimulus parameter passes a erilii 
value. To my knowledge, neurophysiok 
gists have not found any such cells I; 
thousands of unjt recordings in sensor 
systems. This undermines the validity; 
tiu- model, Hurt on .S', Homer, Psyehd 
inly, I ’ninfsity nf Pennsylvania 


the field of early social development. It is 
now possible to show that patterns of be¬ 
havioral organization remain stable even 
when particular discrete behaviors do not, 
and that jriteh aspects of individual func¬ 
tioning may be predicted from quite dif¬ 
ferent aspects of early adaptation. Ains¬ 
worth and her colleagues review literature 


predict later problem-solving style, 
flexible control of impulses, and peer 
relations. Both the research and this book 
are worthy of the serious attention of all 
students of early development.— L. Alan 
Sraiife, Institute of Child Development, 
University of Minnesota 


Individual Differences in Language 
Ability and Language Behavior. 
Charles J. Fillmore, Daniel Kempler, 
William S-Y. Wang, eds. Perspectives 
in ’ Neurolinguistics arid Psycho¬ 
linguistics. 346 pp. Academic Press, 
1979,$24,50. 

Following Chomsky’s distinction be¬ 
tween linguistic competence and perfor¬ 
mance, attention has been focused for 
many years on the. rules of linguistic 
structure that were presumed to comprise 


(tatterrw of Attachment; A Psyehok 
rial Study uf the Strange Sitimlk 
Miirv Ik Ainsworth et al, 3D 1 f 
lliikti'd Press, I$)78. $24.95, 

Thin volume by Ainsworth and h 
mllenxwwiw «truly important work. It; 
inil*»rfnnl. J1rxt, because it describes wb 
is perhaps the most significant progra: 
of research on infant socioemotional di 
velujiiiiriU ever conducted. It is import* 
iilnti Ih'ciuim* the Ainsworth Strange Si 
nation procedure has become the mettw 
!ifj!KhCHf*i»g attachment in development 
psychology, with the likelihoqd of wide 
spread application. As with any wm; 
iia-ip priH-edure, it is crucial that th» 
employing it understand its valid us 
Like intelligence teats, the Strange Sii 
nation attachment assessment m valk 
only when administered and scored im 
precise wav. This book provides a m 
plctc tlmrijJtion of the procedure. If 
behavioral scales, and the dwauTicatk 
system, a# we)l ns extensive data t >n rel; 
ability imd validity. 

AhiHwwih’H attachment research isr 
fumlninental importance bothlor whatf 
hits (tnitributed to our understanding 
infant social development and fori 
broader theoretical and methodo logic! 
implications. In demonstrating that aft 
patterns of care are related to later quali 
of attachment, her research is a Him 
affinplion of Howlby’s biologically -h* 
hypothwis and a useful antidote to jt 
vimts failure of prediction in (level* 
mental psychology- At the same tint 
A in# wo rib’s emphasis on behavioift 
categories, behavioral systems, and p 
files of behavior represents a nri 
needed methodological breakthrough 


of a language. This volume attempts to 
refocus attention on those matters of both 
competence and performance that vary 
among language users. The (sections con¬ 
sider individual differences in verbal 
fluency and grammatical judgments, 
phonological development, second-lan¬ 
guage learning, neurolinguistic mecha¬ 
nisms, language disability, and socio¬ 
cultural sensitivities. These topics are 
considered from the perspective of several 
disciplines: psychology, linguistics, neu¬ 
rophysiology, anthropology, and educa¬ 
tion. Each discipline is represented by 
highly respected experts in their fields 
who. have done significant work in the 
area of individual differences. The result 
is a broad and informative survey that 


taking “heterogeneity in language as a 
starting assumption” and “locating con¬ 
cern with individual differences at the 
center of the study of language”-the 
stated aims of the volume. . : 

As might be expected from the wide 
range of disciplines, the chapters vary 
greatly in approach and method, but al¬ 
most all are accessible to readers with a 
general acquaintance with the field of 
psycholinguistics. The one glaring omis¬ 
sion in this collection is in,developmental 
psycholinguistics. While two chapters 
deal with aspects of phonological acqui¬ 
sition, there is no account of the many 
provocative reports on individual differ¬ 
ences in the acquisition of semantics and 
syntax (e.g. those by Bates, Bloom,-Hor- 
gan, and Nelson, to name only a few). A 
review of this work would Have made a 
nice counterpart to Fillmore’s fascinating 
account of second-language learning. 



Many of her observations apply to first- 
language acquisition as well (e.g. the im¬ 
portance of social group membership, the 
usefulness of formulaic routines), al¬ 
though a comparison of the two tasks 
would also reveal differences. Despite this 
omission, this an admirable and impor¬ 
tant contribution to the study of language 
in all its aspects ,—Katherine Nelson, 
Psychology, Graduate Center, CUNY 


Cognitive Psychology and Information 
Processing: An Introduction. Roy 
Lachman, Janet L. Lachman, and Earl 
C. Butterfield. 573 pp. Halsted Press, 
1979.$19.95. 

This ambitious volume aims to provide 
students with “a knowledge of the content 
of cognitive psychology along with a per¬ 
spective on that content.” The perspec¬ 
tive is that of a Kuhnian analysis of the 
recent history of cognitive psychology, 
with emphasis on how various approaches 
merged into the information-processing 
paradigm. The content includes con¬ 
sciousness and attention, research based 
on various reaction-time methodologies, 
memory (three chapters), psycholinguis¬ 
tics (two), pattern recognition, and dis¬ 
course processing. Topics omitted or given 
scant attention are sensation and per¬ 
ception, reading, and topics usually sub¬ 
sumed under thought processes—concept 
formation, reasoning, and problem solv¬ 
ing. Future historians may puzzle over 
why these topics are so frequently omitted 
from texts concerned with cognitive pro¬ 
cesses, However, the authors delve into 
the topics included more deeply than 
most competing texts. 

While quite readable, the text is prob¬ 
ably written at a level too high for large 
undergraduate survey courses. The first 
quarter of the book, devoted to historical 
preliminaries and orienting perspectives, 
will probably be more valuable to gradu¬ 
ate than to undergraduate students. It is 
unlikely that all cognitive psychologists 
would agree with the historical charac¬ 
terizations of the field that are put for¬ 
ward, but the treatment is often 
thought-provoking. 

lean strongly recommend this book as 
a graduate text. It is an important and 
: scholarly work and represents an im¬ 
pressive achievement. It will be a valuable 
addition to the cognitive psychologist’s 
library, as well as a useful text ,—Henry L. 
Roediger, III, Psychology, Purdue Uni¬ 
versity 


The Adolescent Passage: Develop¬ 
mental Issues. Peter Bios. 521 pp. In¬ 
ternational Universities Press, 1979. 
$22,50. 

The developmental tasks of the time 
between childhood and adult life have 
long been recognized as sources of frus¬ 
tration and upset for parents and teen¬ 
agers alike. It is only mildly comforting to 


know that the tension between the ado 
lescent’s need for freedom and demand 
for limits has perplexed mankind since 
Socrates’ 5th century B.C, descriptions ot' 
bad-mannered and disrespectful adoles- 
cents. Philosophers, teachers, and parents 
have observed with concern the break¬ 
down in self-control, the moodiness and 
disorder so characteristic of some ado 
lescents. During the past decades, at¬ 
tempts to understand this period of de¬ 
velopment better have become an integral 
part of the psychological literature, 
Among the inost widely read and highly 
respected work, from a psychoanalytic 
point of view, has been that of Peter 
Bios. ' 

Since the publication of On Adoles¬ 
cence almost two decades ago, Bios has 
become standard reading for the study of 
adolescent development. His theories of 
adolescent separation from' early maternal 
attachments and the “second individua¬ 
tion” process of adolescence are examples 
of the Important effect he has had in 
shaping basic ideas in the field. 

The Adolescent Passage is a compen¬ 
dium of 19 major papers arid presenta¬ 
tions by Bios spanning a 32-year period 
between 1946 and 1978. Although many 
represent republication of previously 
printed works (especially from The Psy¬ 
choanalytic Study of the Child), they 
provide an illuminating view of the 
breadth of Blos’s pioneering efforts to 
understand the dynamic underpinnings 
of adolescent behavior. Particularly no¬ 
table are the sections on normative .de¬ 
velopment in male and female adoios 
cents, and the effects of the environment 
(the “surround”) on the adolescent. Many 
of the papers.were written during the so ¬ 
cial turbulence of the sixties and reflect 
Blos’s sensitivity; to and respect for the 
"youth culture” and the "generation gap” 
of that period, A later chapter, “The .Ep ¬ 
igenesis of the Adult Neurosis,” presents 
Blos’s view that the development of neu ¬ 
rotic conflict is significantly shaped and 
altered by the adolescent experience be¬ 
fore assuming its eventual, clinically rec ¬ 
ognizable form in adult life. 

The fact that Bios studies individual 
troubled adolescents is; both a source ot 
clinical richness : and a limiting factor as 
far as general applicability is concerned. 
It is important to note recent, studies 
which suggest that for many, if not most, 
adolescents, this period of development 
is not as tumultuous as has often been 
claimed. Modal adolescent development 
may be no more unstable than that of the 
younger child or young adult, The full 
picture of,adolescent development must 
integrate the historical, sociological, and 
biological dimensions, as well as the 
valuable insights,of the clinical en¬ 
counter. 

This collection of Bloss’Es theoretical and 
clinical papers is stimulating and will 
provide a valuable sequel to his earlier 
, work.-—Thomas L. Louie, Psychiatry. 
Child Study Center, Yale University 
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Handbook of Contemporary Urban 
Life. David Street et al., eds. Social and 
Behavioral Science Series. 741. pp. 
Jossuy-Bass, 1978, $25. 

This hook consists of a series of essays 
by sociologists on various aspects of urban 
life. Many of the chapters are extremely 
good and contain a wealth of fascinating 
material. Those that stand out are the 
ones that analyze historical patterns of 
urbanization and their effects. The theo¬ 
retical sections are also quite strong, while 
chapters that deal more directly with ac¬ 
tual research are generally the weakest. 
Taken as a whole, the volume is a good, 
though not outstanding, collection of 
chapters on urban sociology. 

However, the book is called a hand¬ 
book, a title which implies that it contains 
just about; everything we know about, 
urban life. Indeed, the preface says as 
much. Unfortunately, the book promises 
far more than it delivers, The most strik¬ 
ing deficiency is the lack of attention paid 
to the urban problems that most, of us, 
professional and otherwise, consider most 
important. We would like to know why 
. crime is so high in cities, why riots occur, 
whether urban education has declined 
and why, how integration affects educa¬ 
tion, whether the white middle class is 
leaving the city, how friendship patterns 
in cities differ from those elsewhere, how 
crowding affects us, and so on. With the 
exception of a rather superficial discus¬ 
sion of crowding, none of these issues is 
given more than a page or two. For ex¬ 
ample, the chapter on crime is largely 
historical, I found it very interesting but 
was amazed that only a page is devoted to 
the surge in crime that has occurred in 
recent years, The author says, almost in 
passing, that the causes are obviously the 
social liberation of young blacks and a 
shift in values among the young middle 
class. He is so sure of these doubtful and 
glib assumptions that he feels no need to 
document them. Similarly, urban riots are 
mentioned once; school integration is 
given only a paragraph, without any dis¬ 
cussion of how it affects education or any 
attempt to provide a summary of the vast 
; literature on this critical topic; friendship 
: and neighborliness are hardly touched on. 

' Admittedly, we do not know the answers 
• to these complex questions, hut a hand¬ 
book should at least provide what we do 
know. 

Another complaint is directed at the 
treatment of research. Almost all the au¬ 
thors cite hard research less than would be 
expected, and they have an tinderstand- 
:■ able but unfortunate bias in favor of work 
by sociologists, to the point that other 
disciplines are barely represented. 
Moreover, no distinctions are made be¬ 
tween good and bad research. For exam¬ 
ple, Mlchelson’s outstanding work is given 
less space than Newman’s, which no 
. careful scientist takes seriously. 

Thus, the book has only limited appeal. 
It is not a handbook of urban life, but 
. rather a collection of sociological essays on 


urban living; and instead of being con¬ 
temporary, its major value is its historical 
discussions,-- Jonathan L Freedman, 
Psychology, Columbia University 


Mathematics and 
Computer Science 


Mark Kac: Probability, Number 
Theory, and Statistical Physics. K. 
Baclawski & M, 1), Donsker, eds. 
Mathematicians of Our Time, 14.169 
pp.M.I.T. Press, 1979. $35. 

This collection of some 50 of Kac’s pa¬ 
pers, selected by the author himself, is a 
testimony to his enormous influence on 
the development of probability and its 
application to physics and to other 
branches of mathematics. Among the 
papers are such classics as the one on the 
central limit theorem by Erdos and Kac 
for bounded additive number theoretic 
functions, which is one of the milestones 
in an area now known as probabilistic 
number theory, and the paper, again 
written in collaboration with Erdos, that 
laid the foundation for .a class of limit 
theorems, the invariance principles in 
probability theory. 

The collection is preceded by a 
charming autobiographical note, in which 
the reader gets a rare glimpse of an out¬ 
standing scientist making important 
discoveries. It is amusing to watch Kac 
speculate about whether he could have 
found the Feynman-Kac formula earlier 
had lie known the connection between the 
eigenfunctions of the Sehrodinger equa¬ 
tion and the Bessel functions of order 

'/•i- 

The autobiographical note is followed 
by the editors’ introduction, a list of Kac’s 
publications, and an authoritative com¬ 
mentary by the editors on Kao’s work. ™ 
IT. Philipp, Mathematics, University of 
Illinois 

A Combinatorial Introduction to To¬ 
pology. Michael Henle. Books in 
Mathematical Sciences. 310 pp. W. H, 
Freeman, 1979. $18.50. 

In the preface, the author states that 
this hook should serve upper-level un¬ 
dergraduates and first-year graduate 
students as a prelude to more abstract and 
technical texts. Some knowledge of dif¬ 
ferential equations and multivariate cal¬ 
culus is the only prerequisite. 

The book is mainly concerned with 
low-dimensional topology, especially the 
theory of surfaces. As a consequence, most 
of the theorems can be relatively easily 
visualized, and geometric intuition is 
emphasized. The book is noteworthy for 
the wide variety of topics and applications 
within this limited area that are discussed. 
An instructor who intends teaching a 
course of the kind envisioned by the au¬ 


thor should give serious consideration t 
using this book as a text.—IT. S. Masm 
Mathematics, Yale University 


Alexander Weinstein Selecta. >1. 1; 

Diaz, ed. 629 pp. Fearon-Pitman, 19k 

$3(5.95. 

This volume consists of 102 publish*.; 
items by Alexander Weinstein, data- 
from 1923 to 1975, and a brief biograpk 
cal sketch of Weinstein by J. B. I)k 
Weinstein made important contribution 
to a number of areas in mathematics ad- 
mathematical physics, including (1} 'rep¬ 
resentations of the linear group of mah 
ces; (2) Helmholtz’s problem for j*. 
(Weinstein gave the first existence ar 
uniqueness theorems for free jets); (: 
boundary problems in an infinite st ti. 
(his extension of the Phragmen-I <i tide) 
principle is called Weinstein’s abslM, 
principle); (4) intermediate problems* 
eigenvalues (his method for high-prec, 
sum eigenvalue estimation has had gre 
success in problems of classical or 
quantum mechanics); (5) singular parti 
differential equations (he established; 
new branch of potential theory- gene 
alized axially symmetric potent! 
theory—with many applications aud it 
tinted the systematic development of ft 
important theory of Euler-Poissoii-lk 
boux equations); and (6) singular tup 
tions of higher order.— Robert Cam 
Department of Mathematics, l/nieem. 
of Illinois 


Differential Geometry, Lie Group; 
and Symmetric Spaces. Sigurd 
Helgason. Pure and Applied Math 
maties. 628 pp. Academic Press, 19k 
$27. 

This is the first volume of an expand* 
two-volume treatment by Helgason of T 
themes covered in his well-known 'In¬ 
ferential Geometry and Syrnmm 
Spaces. (Academic Press, 1962). 

The subject of Lie groups and ilk 
representations is at the heart of tw 
temporary mathematics and physic 
Especially important are the semmini|> 
Lie groups, which are the groups of m 
Lions of the most important spuetm tlr 
arise in geometry and analysis, rninudy Ik 
Riemannian symmetric spaces, Sins 
ultimately, one wants.to do analyse 
physics, and arithmetic on such spaa 
and others related to them naturally, id 
necessary to understand their alructw 
Helgason gives a very thorough trmtnw 
of the structure of symmetric spaces, if 
eluding their classification. This requik 
quite a substantial amount of th« sW; 
ture theory of semisimple Lie groups.(I 
course all of this can be done only wte 
one knows some basic differential geor 
etry and Lie theory, and the first « 
chapters are devoted to brief accounts* 
these subjects. The treatment of fundi* 
theory on symmetric spaces in the Ijfc 


book has been omitted in this volume, 
apparently because the next volume will 
be devoted almost entirely to this subject 
and its many ramifications. 

Helgason maintains the high level of 
exposition he introduced in his 1962 book. 
This fact, together with the fundamental 
nature of the subject matter, will make 
this volume and its sequel the standard 
references in the subject for quite some 
time,— V. S. Varadarajan, Mathematics, 
University of California , Los Angeles 


Principles and Procedures of Nu¬ 
merical Analysis. Ferenc Szidar- 
ovszky and Sidney Yakowitz, Mathe¬ 
matical Concepts and Methods in 
Science and Engineering, 14. 331 pp. 
Plenum, 1978. $24,50. 

This is a concise and up-to-date study 
of the most useful numerical methods for 
approximation, scalar and vector root 
finding, linear algebra, integration, and 
ordinary and partial differential equa¬ 
tions. The mathematical treatment is 
thorough and is suitable for the first year 
of graduate study for students who have 
had training in calculus and matrix 
theory. Illustrative examples are judi¬ 
ciously chosen and plentiful in the text. 

The wide range of topics is well covered 
in this relatively short hook by means of 
pertinent reference throughout the text 
to an extensive bibliography. At the end 
of each chapter the . authors place the 
subject into proper perspective through 
a scholarly summary and reference to the 
bibliography. This is an excellent text¬ 
book and reference work for engineers and 
applied mathematicians.—Eugene Isa¬ 
acson, Courant Institute of Mathemati¬ 
cal Sciences, New York University 


Machines, Languages, and Computa¬ 
tion. Peter J. Denning, Jack B. Dennis, 
Joseph E. Qualitz, 601 pp. Prentice- 
Hall, 1978. $21. 

The main subject of this book is formal 
languages and their automata. The focus 
is on regular grammars and finite-state 
automata, context-free grammars and 
pushdown automata, and unrestricted 
grammars and Turing machines. A 
chapter on syntax analysis discusses the 
parsing of context-free languages, prece¬ 
dence grammars, and LR(k) grammars. 
This chapter and the introductory mate¬ 
rial comprise approximately 80 percent of 
the book. The penultimate chapter con¬ 
tains a satisfactory discussion of recursive 
functions, which may be a valuable in¬ 
troduction for those continuing in the 
study of computability and'recursive 
function theory. The last chapter includes 
a brief discussion of Post systems, and the 
authors show that'these systems are 
equivalent to Turing machines.— George 
Epstein, Computer Science, Indiana 
University 


Advances in Computers, Vol. 16. Morris 
Rubinoff and Marshall C. Yovits, eds. 
357 pp. Academic Press, 1977, $36.50, 

Of particular interest in this volume are 
the discussions of the problems of audit¬ 
ing computer programs to verify that they 
are not surreptitiously hiding or passing 
data, and the technique of introducing 
random changes in answers to question¬ 
naires in such a way that the resulting 
data are useful for statistical analysis but 
not when subpoenaed for a specific 
case. 

The first and third papers emphasize 
that convenience, simplicity, and “habi¬ 
tability” of the user interface are essential 
to the acceptance of computer systems in 
the fields of 3-D computer animation and 
clinical computing in health care. In the 
last and longest paper Rein Turn dis¬ 
cusses the legal and philosophical con¬ 
cepts of privacy, the historical develop¬ 
ment of systems of records, the growth in 
awareness about their implications for 
privacy, the legislation proposed and 
passed to regulate them, and the eco¬ 
nomic and technological considerations 
involved.— Nelson L. Max, Computer 
Science, Lawrence Livermore Laborato¬ 
ry, University of California 

Advanced Mathematical Methods for 
Scientists and Engineers. Carl M. 
Bender and Steven A. Orszag, Inter¬ 
national Series in Pure and Applied 
Mathematics. 593 pp, McGraw-Hill, 
1978.128.50. 

This unique textbook should prove 
useful in any graduate course concerned 
with the approximate analytical solutions 
of differential equations. The authors 
bring the reader right up to present re¬ 
search in asymptotic analysis. The 
worked-out examples are nontrivial, and 
the problems at the end of each chapter 
are extremely challenging. The book is 
certainly not to be recommended for the 
weak-kneed.—Lester Rubenfeld, Math¬ 
ematical Sciences, Rensselaer Poly¬ 
technic Institute 

Fundamental Concepts of Mathe¬ 
matics, 2nd ed. R. L, Goodstein. 323 
pp. Pergamon Press, 1979. $16.50 
paper. 

The aim of this book is to help; supply 
background knowledge to “the cultivated 
amateur,” particularly the teacher of 
mathematics. Areas explored include 
arithmetic (foundational level, treated 
extensively), elementary one-variable 
calculus, axiomatic set theory, and to¬ 
pology (especially two-dimensional col¬ 
oring problems). Coverage is very uneven, 
the topics discussed forming a strange 
melange of the mundane and the esoteric, 
Many arguments struck me as confusing, 
often because of minor errors (e.g, the 
example at the end of Chapter 1, or the 
definition of continuous). Some examples 
are rendered pointless by inadequate ex¬ 


planation (for instance, why does the ap¬ 
plication of binary expansions to the 
problem of placing 2 n zeroes and ones 
around a circle so that every ordered n- 
tuple of zeroes and ones appears work?), 
On the other hand, the treatments of 
decimals and of the definite integral art* 
quite good, and the discussion of axiom¬ 
atic set theory goes far enough to give a 
teal feel for the flavor of the subject. 
There are occasional sets of problems with 
solutions; some problems (particularly on 
limits and on differentiation) seem more 
Sophisticated than the level at which the 
subjects are dealt with in the text. Surely 
there are other recent books that cover 
similar ground more rewardingly.— Stu¬ 
art J. Sidney, Mathematics, University 
of Connecticut 

Quasiconformal Mappings and 

Riemann Surfaces. Samuil L. 

Krushkal. Irwin Kra, ed, Scripts Series 

in Mathematics. 319 pp. Halsted Press, 

1979. $24.95. 

This book gives a general exposition of 
the theory of quasiconformal maps in two 
dimensions and the applications of that 
theory to the study of Kleinian groups 
and of moduli of Riemann surfaces. Of 
particular interest to Western readers is 
the discussion of the variational theory of 
quasiconformal maps developed by the 
author and other Soviet mathemati¬ 
cians.— Clifford J. Earle, Mathematics, 
Cornell University 



Engineering and Applied 
Sciences 


The Aerodynamic Design of Aircraft: 
A Detailed Introduction to the Curren t 
Aerodynamic Knowledge and Practical 
Guide to the Solution of Aircraft De¬ 
sign Problems. Dietrich Kuchemann, 
564 pp. Pergamon Press, 1978, $5(1 
cloth, $20 paper. 

Dietrich Kuchemann died before The 
Aerodynamic Design of Aircraft Wfw 
finished. He would be pleased at the ef¬ 
forts of his colleagues in completing his 
work and at the reception this excellent 
book will undoubtedly receive from an 
appreciative world. 

Kuchemann spent his working lifetime 
in aerodynamics research, and a list of hi* 
contributions would fill several pages. He 
perceived aerodynamics as meaningful 
only when it served the design of an air¬ 
craft: “Design work is the ultimate pur¬ 
pose of aerodynamics and all other ac¬ 
tivities should, lead up to it.” His book 
discusses a complete inventory of “exact" 
methods but continually makes the point 
that simplifying assumptions are pre ¬ 
ferred, as long as the assumptions help the* 
user to understand and elucidate Un- 
physical processes involved. The book 
emphasizes the fact that aerodynamics in 
a tool to be used by the aircraft do 
signer. 
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Kuehemann describes a healthy How as 
one that in steady, stable, controllable, 
and efficient in terms of generating forces 
and moments. The usual design proce¬ 
dure is to describe the body shape and 
then to find the resulting flow. Kiiche- 
mann suggests reversing this approach, so 
that the designer describes the well-be¬ 
haved healthy flow desired and then finds 
the body shape to give it. His discussion 
of the aerodynamic methods serves this 
latter approach, 

The book will excite research- and 
practice-oriented engineers alike. His 
bottom line is that aerodynamics is a very 
challenging and elegant field of science, 
but it is not an end unto itself; it must 
serve mankind.-Wmid M. Nicolai, 
Defense Advanced Research Projects 
Agency, Arlington, VA 


Laser Beam Propagation in the At¬ 
mosphere. J. W. Strohbehn, ed. Topics 
in Applied Physics, 25, 325 pp. 
Springer-Verlag, 1978. $50,60. 

This book presents the first comprehen¬ 
sive treatment of the effects of turbulence 
and thermal blooming on laser beam 
propagation in the atmosphere, Theory is 
emphasized over experimental results. 

Each chapter has a different author or 
authors and is a self-contained unit, 
Topics include the propagation of plane 
waves and Gaussian beams through at¬ 
mospheric turbulence, in both the weak* 
and strong-fluctuation cases; remote 
sensing of turbulence and wind velocity; 
imaging and optical communication 
through turbulence; the theory of thermal 
blooming; and the methodology for com¬ 
puter solutions to thermal-blooming 
problems. 

Each topic is covered from the basic 
concepts to the latest developments (as of 
1976). Moreover, hundreds of references 
to the literature are given, Roth new¬ 
comers to the field and more advanced 
workers will find the book useful,' ■Dan¬ 
iel G. Touche, Lincoln Laboratory, 
MIT. 


Statics and Strength of Materials. Karl 

K. Stevens, 517 pp. Prentice-Hall, 1979. 

$ 21 . 

In this well-written presentation, the 
associated concepts and principles are 
stated quite simply and applied to ele¬ 
mentary illustrations, This makes the 
■ book quite appropriate for an introduc¬ 
tory course in the study of behavior of 
materials in an engineering technology 
curriculum. However, to accomplish this 
combined presentation, the book sacrifi¬ 
ces the necessary material required for a 
more thorough background in the study 
of the mechanics of deformable bod* 
ies.~JWm A. Report 1 , Civil and Urban 
':'Rn'ljinemnif,:M0emty of Pennsyl¬ 
vania . ' : 'V' 


Neutron Transmutation Doping in 

Semiconductors, Jon M. Meese, ed. 

371 pp. Plenum, 1979. $39,50. 

Although the basis of Neutron Trans¬ 
mutation Doping (NTD) in Si was estab¬ 
lished in the early 1960s, it is only in the 
last five years that the process has become 
commercially important. Despite the fact 
that the quality of the articles varies 
widely, these proceedings of a 1978 in¬ 
ternational conference on NTD present 
an excellent view of the state-of-the-art 
both from the technological vantage and 
from the basis of our understanding of the 
physical processes associated with the 
radiation damage in these materials. The 
rapid growth of the field is associated with 
the increasing availability of high-purity 
(float zone) Si starting material and with 
the identification of special applications 
for which extra performance outweighs 
extra cost, such as high-power rectifiers 
and infrared detectors. If similar gains can 
he made hi such areas as large-scale inte¬ 
grated circuits, then the reactor capacity 
will he taxed to the limit. This book 
should he a valuable overview to anyone 
involved with Si devices and a revelation 
to those who see radiation effects as uni¬ 
formly detrimental.— fi Yelon, 
Research Reactor, University of Mis¬ 
souri 


Ziegler-Natta Catalysts and Poly¬ 
merizations. John Boor, Jr. 670 pp. 
Academic Press, 1979. $65. 
q'he author had several objectives in 
writing this single-author book on the 
general aspects of Ziegler-Natta catalysts 
and polymerizations. First, he wished to 
review the more than ten thousand papers 
and patents that have appeared on the 
subject since 1955 and present the story 
on this "unique and beautiful” catalyst in 
a way that would he useful for the general 
reader who wants to learn something 
about it. Boor’s lucid and authoritative 
writing style, coupled with a detailed and 
logical table of contents, six pages long, 
assures achievement of this objective. 

The author also states three other ob¬ 
jectives he wishes to achieve, with the 
hook; to serve the chemistry and engi¬ 
neering graduate student as a source of 
literature on this catalyst; to be of aid to 
industrial chemists, engineers, or man¬ 
agers who deal with Ziegler-Natta cata¬ 
lysts; and to be a useful source of general 
information for those who are marketing 
the polymer products of Ziegler-Natta 
catalysts or the catalysts themselves. _ 
Some of Dr. Boor’s articles are used in 
graduate level catalysis courses to intro¬ 
duce students to Ziegler-Natta catalysis. 
This book should supplant this use of the 
articles and help increase the graduate- 
level study of catalysts. 

The author’s final two objectives are 
those with which I am most familiar. I 
know of no other book on the subject 


which strives to achieve such broad goat 
with industrial chemists, engineers, c? 
marketers nor which succeeds so well 
This book, dealing with a fast-movin, 
field of wide interest, does suffer fro; 
having been published posthum oust. 
There have been significant advances r 
theory and practice since early 1975 th¬ 
an; not adequately covered in the bod 
despite a bibliography which ends in Cf 
tober 1978. However, the foundation an 
framework provided by this book are ad¬ 
equate preparation for assessing these art 
future advances in the field of Ziegler 
Natta catalysis and polymerization. 
George A. Castellion, Stauffer Chemk 
Company, Westport, CT 


Asbestos, Vol. 1: Properties, Applic-atk 
and Hazards. L. Michaels and £». 1 
Chissick, eds. 553 pp, Wiley-Inter 
science, 1979. $62.50. 

The stimulus for the preparation of It. 
first volume of a projected two-volute 
set, intended to cover fundamental! 
formation on asbestos, was the reali'/atis 
by one of the editors that there was iG 
comprehensive sourcebook on this n# 
eral. The 16 chapters cover mineraltf 
chemistry, physics, emissions an: 
nonoccupational exposures, controls, ink 
in the final 5 chapters, asbestos-re laif 
diseases. Although the book is well p; 
ducted and lavishly illustrated, the mgr; 
nization of the text is questionable-. 
Chapter 4, “Attitudes to Asbestos,” adc 
little to the book, and Chapter 11, “Li: 
erature Relating to Asbestos," shod 
come after the Introduction. 

More important, the editors as a matt 
of policy have “not involved members! 
the asbestos industry or its declared <§ 
ponents" in the preparation of the bod 
apart from the chapter on chemistry! 
asbestos. By so doing, they have not v 
another of their criteria—the .select ! < nr 
contributors based on expertise in tl* 
subject. Potential readers should nisei- 
aware that much of the source materii 
historical references, and lists of coit 
mercial products and services deal will 
the United Kingdom. This reduces lit 
utility of the text as a general reference!' 
this side of the Atlantic. However, \h 
chapters on asbestos-related diwtme&» 
well organized, authoritative, and high! 
detailed.--/?. A. Scala, Exxon Cor pen 
lion, Linden, NJ 


Surface Crystallography by LEtt 
Theory, Computation and Struct® 
Results. M. A. Van Hove and 8.1 
Tong. Chemical Physics, 2. 286 pf 
Springer-Verlag, 1979, 

The determination of the positions/ 
atoms at and on solid surfaces by If 
use of low-energy-electron diffract 
(DEED) is one of the fundament a! ted 


niques of surface science. Experimental 
values for the intensity of various LEED 
beams as a function of electron energy are 
compared with theoretical multiple¬ 
scattering calculations for a model ge¬ 
ometry; the model is then adjusted to give 
the best fit to the data. To date the per¬ 
formance of LEED calculations has been 
almost exclusively the province of a few 
theoreticians. 

In this book, Van Hove and Tong have 
attempted to make LEED calculations 
accessible to a much wider audience, and 
they have been eminently successful. The 
book presents a set of computer programs, 
written in FORTRAN, that have been 
specifically designed for surface crystal¬ 
lography by LEED and have been used 
extensively by the authors for their own 
calculations. The programs are modular, 
consisting of a main program and some 
fifty subroutines. The user can choose 
appropriate subroutines so that the re¬ 
sulting program can handle problems as 
complicated as molecules adsorbed on 
reconstructed surfaces that have variable 
interlayer spacings. Several different 
theoretical and computational procedures 
are used (e.g. layer doubling, renormalized 
forward scattering), and thorough dis¬ 
cussions are given of all the methods and 
their range of applicability. The programs 
are preceded by good discussions of the 
basic processes in LEED, the philosophy 
of program design, the limitations on all 
the parameters used, and so forth. 

This is an excellent book for anyone 
seriously interested in LEED who would 
like to be able to perform his own sophis¬ 
ticated calculations. It is clearly and 
carefully written, , and all the nuances of 
the techniques are thoroughly covered. If 
any book will make the practical calcula¬ 
tion of LEED intensity profiles widely 
available, this is the one.—Victor E. 
Henrich, Engineering and Applied 
Science, Yale University 


Technology in Society; An International 
Journal, Vol. 1, No. 1. George Bugli- 
arello and A. George Schillinger, eds. 86 
pp. Pergamon Press, 1979. $66 inst., $15 
indiv. quarterly subscription. 

The editors describe the objectives of 
this new journal as exploring “how tech¬ 
nology affects our society,” studying “the 
ways in which social processes and atti¬ 
tudes lead to technological decisions,” and 
identifying “combinations of technolog¬ 
ical or social choices open to us.” 

For this first issue the editors and 
members of the journal’s Advisory Board 
.have chosen to publish nine articles by 
well-known writers, including five mem¬ 
bers of the Advisory Board. The quality 
of thought and writing is uneven; some 
articles contain new ideas, some are brief 
summaries of thoughts presented else¬ 
where, and some are little more than re¬ 
views of technologies with little attention 


to social and political issues. No clear 
picture of the future of this new journal 
emerges from reading the first issue, but 
there is clear promise for a journal that 
serves to communicate to a wide audience 
ideas about vital topics that have not been 
addressed adequately in the past. 

The tone of the first issue can be judged 
from reading four of the more informative 
articles. In “Technology: Hope or Catas¬ 
trophe?” Harvey Brooks reviews the 
sources of optimism and pessimism about 
interactions between technology and so¬ 
ciety and concludes that solutions to to¬ 
day’s problems depend on political and 
institutional limits rather than material 
or technical limits. Edward Wenk, Jr,, in 
“Political Limits in Steering Technology: 
Pathologies of the Short Run,” describes 
succinctly and clearly some characteris¬ 
tics of current political systems that 
complicate decision-making processes. In 
“Do Global Technologies Require Global 
Politics?” Harlan Cleveland makes the 
interesting suggestion that “What is 
missing is above all a body of interna¬ 
tional people whose task it is to keep the 
situation as a whole under review” and “to 
tell the collectivity of nations what they 
had better bargain collectively about 
doing together.” In “The Five Buds of 
Technophilosophy” Mario Bunge pre¬ 
sents in compact form a series of fasci¬ 
nating questions about a philosophy of 
technology. 

The first issue of Technology in Society 
emphasizes technology, politics, and 
philosophy. One hopes that future issues 
will contain contributions from sociolog¬ 
ists, psychologists, and social anthro¬ 
pologists,—C/iaWes A. Walker, Engi¬ 
neering and Applied Science, Institution 
for Social and Policy Studies, Yale Uni¬ 
versity 


Progress in Analytical Atomic Spec¬ 
troscopy: An International Review 
Journal, Vol. 1, Nos. 1 & 2. C.L. Chak¬ 
rabarti, ed. 199 pp. Pergamon Press, 
1978, $27.50 or $52 annual subscrip¬ 
tion. 

In initiating this new journal, Prof. 
Chakrabarti gives as his inspiration the 
premise that “efficiency of literature¬ 
searching by graduate students can be 
increased significantly by having access 
to current comprehensive reviews.” Al¬ 
though this statement is true, it does not 
justify the publishing of a new journal. 

The first issue dProgms in Analytical 
Atomic Spectroscopy is entitled “Recent 
Advances in Electrothermal Atomization 
in Graphite Furnace Atomic Absorption 
Spectrometry,” and its authors are R. E. 
Sturgeon and C. L. Chakrabarti. 

This issue covers the important fea¬ 
tures of electrothermal atomization in 
graphite furnaces. Some aspects of at¬ 
omization are exhaustively described, 
others only superficially. Certain concepts 
used, e.g. limit of detection, are unclear in 


meaning. Symbols and units in equations 
and graphs are often confusing, Many 
tables present data for which the units arc 
not given (cf, Tables 18 and 36); in one 
case (Table 19) times are shown under a 
temperature heading. Errors can be found 
throughout the book. Most, not to say all, 
of the material has already been pub¬ 
lished elsewhere by the authors. 

It appears that Progress in Analytical 
Atomic Spectroscopy “is designed to fill 
a serious gap in the literature of a rapidly 
expanding field” (inside back cover). 
Where is this serious gap if all of the ma¬ 
terial presented is easily accessible in the 
literature? I believe that the existing 
journals in analytical chemistry can and 
do fulfill the aim and scope of this vol- 
ume.— Marius D’Amboise, Chemistry , 
University of Montreal 


Numerical Heat Transfer: An Inter¬ 
national Journal of Computation and 
Methodology, Vol. 1, No. 1 (March 
1978). W. J. Minkowycz, ed. 161 pp, 
Hemisphere. $97.50 inst., $33 indiv. 

Journal of Thermal Stresses: An In¬ 
ternational Quarterly, Vol. 1, No. 1 
(July 1978). Richard B. Hetnarski, ed, 
148 pp. Hemisphere. $98.50 inst., $34 
indiv. 

The appearance of two new quarterly 
journals in relatively closely related areas 
poses the inevitable question: Do they fill 
a real need or simply add to the deluge of 
technical literature? On the basis of the 
first issues of these journals, the answer 
seemed to be that they did fill a genuine 
need, and this impression has been rein¬ 
forced by subsequent issues. 

The Journal of Thermal Stresses ap¬ 
pears to offer extremely rapid publication 
of full-length papers, and both quarterlies 
publish papers much longer than those 
found in the more established journals. 
The quality of articles in the initial issues 
is high, and the editors and publishers are 
to be congratulated on the extremely 
readable type and setting. Both are wel¬ 
come additions to the literature—J. R, 
Moszynski, Mechanical and Aerospace 
Engineering, University of Delaware 


A Modern Course in Aeroelastieity, 
Earl H. Dowell, Howard C. Curtiss, Jr., 
Robert H. Scanlan, Fernando Sislu. 
Monographs and Textbooks on. Me¬ 
chanics of Solids and Fluids, Dynamical 
Systems, 3.464 pp. Sijthoff & Nord 
hoff, 1978. S85. 

This book is a welcome addition to the 
literature in the field of aeroelastieity, in 
which the last general textbook in English 
was published 17 years ago. 

The book consists essentially of four 
parts. The first five chapters deal with 
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fixed-wing aeroelastieity. A few Htatic: 
uemiilRstic problems in lifting surfaces 
and flexible pipe flow problems are briefly 
discussed, Dynamic aeroelasticity is 
considered next, in Chapter 11, including 
applications to arbitrary and random 
motions, Chapter 4 is devoted to a rela¬ 
tively complete treatment, of unsteady 
aerodynamic problems in subsonic, 
transsonic, and supersonic How. A good 
theoretical background on the various 
approaches used in this field is presented, 
but the doublet lattice method, widely 
used in industry, is onjy touched on. The 
first part ends with a brief consideration 
of stall flutter problems. It is somewhat 
surprising to find no mention of the use of 
active controls for flutter suppression and 
other aero-servo-elastic problems in such 
a modern treatise. 

The second portion of the hook pre¬ 
sents an excellent treatment, by Samian, 
of aeroelastic problems in civil-engineer¬ 
ing structures, emphasizing galloping of 
transmission lines and aeroelastic prob¬ 
lems encountered in suspension bridges. 
The third part, Chapter 7, deals with 
aeroelastic problems encountered in ro- 
torcraft. This section is quite incomplete, 
including only the flap-lag problem in 
hover, stall flutter, and some restricted 
coupled rotor-fuselage problems. The 
hook fails to emphasize the inherently 
nonlinear nature of rotary-wing aero- 
elasticity nor dees it dearly identify the 
differences between fixed- and rotary¬ 
wing aeroelasticity. Furthermore, the 
forward flight case and unsteady aero¬ 
dynamics of rotating wings are not men¬ 
tioned, 

The last section, Chapter«, deals with 
aeroelasticity in lurbomachmes, The lit¬ 
erature review and problems considered 
do not reflect the current state of the art 
in this field. 

Dowell and his associates should be 
congratulated for producing a very good 
book, which will be useful primarily as a 
textbook.The frequent references to the 
classic textbook on aeroelasticity by Bis- 
plinghoff, Ashley, and Halfman suggest, 
however, that it may supplement rather 
than supplant that work. 1 recommend 
, this hook to students, researchers, and 
l practicing engineers in the field, Prrett 
I P. Friedmann, Mcelwiih <nd St me- 
turfs, University o [ California, Los Att¬ 
acks 


HetcroepitaxiarScmiconduetors for 
Electronic Devices, fl, W, Cullen and 
C. C. Wang, eds. 299 pp. Springer- 
Variag, 1978, $69. 

Although heteroepitaxial growth of 
semiconductors on insulators became a 
reality over 15 years ago, its commercial 
application to electronic devices has been 
only recent, This book contains the latest 
and perhaps the most in-d epth review of 


of heteroepitaxial silicon-en-insulators, 


Hives the reader some insight on how such 
properties are measured in sud i matormls 
and acquaints him with technologies that 
have been horn but not yet fully devel¬ 
oped, namely the heteroepitaxy "< 

and 1I-VI compounds on insulators, I n* 

book is also vahiahle for its reviews on the 
methods used in preparing substrate* mat 
semiconductor films, not necessarily on 
insulators hut for tmmoepitaxy as well, 

and indicat es t he short comings of some ol 

these methods when applied to insula¬ 
tors. , , . 

At first glance it may seem that the in¬ 
formation presented is weighted toward 
the studies at RCA Laboratories; how¬ 
ever, many of their contributions have 
helped keep this type of technology alive 
and ready for future development. I he 
few shortcomings 1 find in the book relate 
mainly to a failure to include or reference 
material combinations that RCA lots not 
explored or reported on, such as IV VI 
heteroepitaxy on insulators, and to the 
suggestion that if HI'A hasn't, math- it 
work then it can't lie done te.g. /.nO mid 
other II-IV's on sapphire by the me 
talorganie process), In addition, Chapter 
7, "An Analysis of Gas-Flow Dynaniics in 
a CVDReaetor,’’seems out of place in a 
volume on heteroepitaxy. 

As a prime eonlributor to the materials 
part of this tiiscumling area of investiga 
I ion, 1 expert this "HI 'A Review" to lie a 
very worthwhilt* addition to the literature. 
Newcomers to the field will especially find 
it "a good way to eateli up. n - Harold M 
Mnnasmt, Electronics Research Center, 
Ruckweli InlertttHitml, Anaheim, C 'A 


Marine Outfall fly-stems: i'hmning, 
Design, and ('oiwtruetiun. Robert A. 
Brace, 600 pp, Prentiee-Hall, HUH, 
$:ifi. 

The modern design of marine outfall 
systems for the disposal of sewage in 
coastal waters began in the late HDIkaml 
hits increased in complexity and sophis¬ 
tication m a myriad of experimental re¬ 
sults and field data have become avail 
able, It is no longer a relatively easy task 
to plan, design, anti operate an outfall 
system. Today, consideration must be 
given not only to advances in technology, 
hut also to ever-increasing legal require¬ 
ments specifying the degree of wastewater 
treatment and imposing strict effluent 
and receiving water standards, 

There has long ben a need for someone 
experienced in marine outfall systems to 
present the available information in a 
clear and concise manner for use by those 
interested in the subject—thin txnik does 
precisely that, Although designed as a 
graduate level text, the book serves n 
broader purpose as an excellent reference 
volume, especially for those experienced 
in marine waste disposal practices. It 
contains the most complete up-to-date 
bibliographies and list of referencsi1 have 
seen on this subject. 


An a texi. I ho hook suffers at times fra 
;m verbiage at the expense rifii 
tniit iotive prohlom solutions and info 
tiKilioitul diagrams. This is particularly 
inn- in the sections dealing with estimate 
<»l toxicity concentration, physical diln 
lion, roliforrn die-away, the predictions 
design waves and forces on submarir 
pipelines. 1 say this as a teacher who h 
also developed a graduate level course it 
the design of marine outfall systems. 

fTrtnin topic* presented in the bod 
remain highly controversial, and the an 
thor's comments will undoubtedly clra- 
smm* criticism from those working in if 
field, i refer here to the discussions on tl 
iiapnrtimcf* and accuracy of coliforr 
die-away estimates, the validity of tb 
I'miMliir&s law lor predicting eddy i 
fusivity meffleients in coastal waters, an: 
the long-term effects of outfall conslm; 
lion on marine biota, among other things. 
The chapters on technical aspects T 
out fall design and construction ofr 
i tut fall are especially well done and app 
tn reflect the author’s main fields ofir- 
teresl. 

On balance, the hook fulfills its purpte 
well mid is probably the first of its kin 
dealing with this broad and complicate 
subject matter. James K Fox worth* 
Science and Engineering, Loyola Afo 
•mount VmiUTsity, Los Angeles 


Digital Processing of Speech Signal 
Lawrence R. Rabiner and Ronald? 
Schafer. Signal Rrdcessing Series, si 
pp. Hrcnlice-Hall, 1978. $23.95. 

Since about 1965, speech process* 
and digital signal processing have mi 
t euiHitlerabie progress together, each fit- 
spawning ideas and techniques whk 
have led to progress in the other. Thu 
the need Jo apply digital filtering to sir 
(date -qmeeh bandwidth comp rad 
Hy*trm* led speech researchers to inve 
tigate tiiul refine the methods of digit 
f itter design. 'The fast Fourier transfie 
algorithm was first applied intenaiyelyi 
„] H -eeh researchers concerned wit hi 
icrmiidog the parameters of the tiro 
varying vocal tract. Short-time sptretrc 
analysis was first employed heavily f. 
huch'Ii researchers using the sou nd ape 
frogra|ih and later by digital computalh 
il is iimieccssary to comment on if 
eriiwlli,if digital nigral pro«ffln K <lw 
ilml Iicriuil, but it may not hove 1 mm, 
wiiMv nut Iced tlml speech pme«Hini»' 
nft'cmMd the threshold from sew 

to wqtiiieerinK- sha11 sho,tl y 
lialions os machine recgn.tu.' 
,« w h and computer-generated m 
Ape®, systems, not as labor* 
<1,is,strati,ms but as industrial » 
commercial tools. 

This l«,,.k may be considered the ft 

lm,t speech process.^ a» a belli 
engineering- As such, it ^lls the gap! 
I ween two earlier booke-Flanaga 
Speech Analyst’ Synthesis and P 


ception (1972) and Markel and Gray’s 
Linear Prediction Of Speech (1976). 
Flanagan’s book remains the classic ex¬ 
position of speech as a science. Its weak¬ 
ness is the brevity of its treatment of the 
discrete-time signal-processing methods, 
which must be understood and realized by 
actual speech-processing systems. The 
book by Markel and Gray, on the other 
hand, an excellent monograph on linear 
prediction, is an engineering book, con¬ 
centrating on the tools and the processes, 
but it does not have the broad scope of an 
introductory survey text. 

The Rabiner-Schafer book begins with 
the fundamentals, chapters about dis¬ 
crete-time theory and about modeling the 
speech waveform. The latter chapter 
seeks to create a close correspondence 
between the vocal tract and the proposed 
discrete-time model. As the discrete-time 
model is developed, arguments are ad¬ 
vanced for each simplification but are not 
pursued rigorously—rather they are jus¬ 
tified by a comparison of curves whose 
similarity or disparity the reader is un¬ 
likely to be able to judge. The models are 
valid, therefore, only to the extent that 
they lead to successful processing, and the 
arguments of the chapter are not really 
fruitful. However, one aspect of the 
chapter is important and innovative—the 
observation that a discrete-time model of 
the vocal tract does not require the use of 
“higher pole corrections,” a sort of fudge 
factor used by the traditional analog vocal 
tract models. 

The remainder of the book divides very 
naturally into chapters on time-domain 
processing methods, digitization of 
speech, short-time Fourier analysis, 
homomorphic processing, linear predic¬ 
tion, and applications. The last chapter 
: has a nice section on time-warping, deal¬ 
ing with solutions to the problem of 
matching a given template with an ut¬ 
terance spoken at an unknown varying 
speed. The book is well written, appears 
to be free of errors, and is well suited for 
teaching. All the chapters are supplied 
with sets of problems, and there are sug¬ 
gestions for term projects suitable for 
engineering students at the graduate 
level .—Charles M. Rader, Lincoln Lab¬ 
oratory, Massachusetts Institute of 
Technology ' 


Heat Pump Technology for Saving 
Energy. M. J. Collie, ed. Energy 
Technology, 39. 348 pp. Noyes Data, 
1979. $39. 

Thermodynamic Analysis of Com¬ 
bustion Engines. Ashley S. Campbell. 
366pp. Wiley, 1979. $22.95. 

Heat pumps and heat engines are 
complementary thermodynamic ma¬ 
chines, one using work to move heat from 
cold to hot, and the other producing work 
with the movement of heat from hot to 
cold. With the continuing energy crisis, 
interest: in optimizing the performance of 


both heat pumps and engines is running 
high. The Collie book is particularly 
timely since the heat pump has just re¬ 
cently become widely accepted as a device 
to save scarce oil and natural gas. Essen¬ 
tially an edited summary of the results of 
government-funded studies, the book is 
an introduction to basic thermodynamic 
heat pump cycles and modern design 
issues relating to the emergence of the 
heat pump as an acceptable device for 
heating even in northern climates. Other 
subjects include theoretical and experi¬ 
mental studies of seasonal performance, 
differences between steady state and part 
load performance, defrost, the virtues of 
compressor capacity control, and the in¬ 
tegration of heat pumps with thermal 
storage and solar systems. Because the 
design of heat pumps continues to evolve 
rapidly, some performance figures and 
cost results are already out of date. 
Nonetheless, the value of having recent 
weighty reports edited down to a single 
coherent treatment makes this a prime 
reference on modern heat pump tech¬ 
nology. 

The Campbell volume is an advanced 
text for a course on fuel-driven engines. 
The emphasis is on theoretical under¬ 
standing of the thermodynamics, with not 
much space devoted to the intricacies of 
the mechanical designs of different en¬ 
gines. The treatment of fuel combustion 
chemistry is noteworthy for its clarity, 
and the formulation is done in a manner 
suitable for computer solutions. Unfor¬ 
tunately, there is not much contact with 
the pressing problems of interest in the 
real world, namely pollution control 
methods via combustion modification, 
exhaust gas treatment, or the use of heavy 
fuel with high contaminant levels. The 
book still stands out, however, as one of 
the few modern texts which treat engine 
thermodynamics in a fundamental and 
remarkably complete fashion ,—Richard 
Alben, General Electric Research and 
Development, Schenectady, NY 


Modern Electrical Communications: 
Theory and Systems. Henry Stark and 
Franz B.Tuteur. 601 pp. Prentice-Hall, 
1979. $24.95. 

Intended for college seniors and first- 
year graduate students in electrical engi¬ 
neering, this book takes a distinctive ap¬ 
proach to covering communication sys¬ 
tems. There is a strong emphasis on the 
mathematics of signal and systems anal¬ 
ysis, from both deterministic and proba¬ 
bilistic perspectives, Applications to 
modulation, signal processing, radar, and 
optics are included. Prerequisites are an 
introductory knowledge of linear systems 
theory and linear algebra. 

Fourier methods, sampling and pulse 
modulation, and continuous and discrete 
systems theory are covered in the first 
four chapters. Two chapters on amplitude 


and angle modulation and three chapters 
on probability, random variables, ami 
random processes follow. Coverage of the 
latter topics is good, and applications to 
signal-to-noise ratios of various modula ¬ 
tion methods are included in the chapter 
on random processes. Three concluding 
chapters discuss signal processing and 
detection theory, radar, and optical signal 
processing. 

In general, the book is well written, and 
good reference lists are included at the 
end of each chapter. Both text and prob ¬ 
lems will be challenging for the intended 
audience. A minor annoyance is that the 
authors often refer ahead to topics arid 
results not yet covered. Except in the 
chapters on Fourier methods, probability, 
and random variables, there are very few 
worked-out examples. 

Courses in which the above subjects are 
covered at an advanced level should find 
this comprehensive and self-contained 
volume useful. Students who wish to enter 
graduate work in communications, con¬ 
trol, or signal processing but lack the 
necessary undergraduate background 
may find this book very helpful. While 
. strong on signal and systems theory and 
the applications to signal processing and 
modulation, this book is weak on modern 
digital communication systems, coding, 
and introductory information theory. 
Ferrel G. Stremler, Electrical ^ Com¬ 
puter Engineering, University of Wis- 
consin-Madison 


Sound Transmission through a Fluc¬ 
tuating Ocean. Stanley M, Flatte, ed. 
Monographs on Mechanics and Ap¬ 
plied Mathematics. 299 pp, Cambridge 
University Press, 1979. $34.50, 

Acoustic methods have played an im¬ 
portant role in undersea exploration and 
communication because of the relatively 
low attenuation of sound waves in sea¬ 
water, Nevertheless, the complication of 
ocean structure has imposed an ultimate 
limitation on applications of these 
methods,' This monograph, based main ly 
on the authors’ research over the past 
several years, deals with the analytic 
treatment of the connection between 
ocean medium variability, particularly till? 
internal wave, and fluctuations of sound. 
waves in long-range transmission, 

The anisotropic nature of the ocean 
: presents some unique problems to sound 
transmission in contrast to wave propa¬ 
gation in ptfler random media. The sys¬ 
tematic approach described in this book 
starts with the parabolic approximation 
that holds for propagation characterized 
by small angle, long range, and no surface 
and bottom interference. Subsequently, 
it devotes itself entirely to the effect of 
fluctuating inhomogeneities in sound 
speed in the volume of the ocean. The 
Rytov technique has been extended u 
include sound channel and internal wave 
effects for weak diffraction. A micrmnul 
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tipath theory is developed to treat some 
aspects of the strong scattering, based on 
a formulation using the path integral. 
Analyses from three selected field exper¬ 
iments appear to agree with the theoret¬ 
ical predictions under the assumption of 
internal wave dominance, 

The five-part organization of the book 
makes its material easily accessible to 
readers with different levels of interest 
and background. The first two parts, 
ocean structure and sound transmission, 
provide a general introduction and es¬ 
tablish dialogue between these two dis¬ 
ciplines. The main subject of fluctuation 
phenomena for sound-wave propagation 
in the ocean is developed in Part 3, with 
more detailed discussion of special tech¬ 
niques in Part 4. The last part reviews the 
results from reported experimental ob¬ 
servations and confirms the evidence of 
the dominating effect of internal waves on 
sound transmission. The serious reader 
will find this work a fruitful guide to the 
original research papers.— N, Yen, Naval 
Underwater Systems Center, New Lon¬ 
don, CT 


Mechanics of Vibration. K. Marguerre 
and K, Wolfel. Trans. J. W, Meek, 
Mechanics of Solids and Fluids, Me¬ 
chanics of Structural Systems, 2. 272 
pp. Sijthoff & Noordhoff, 1979. 
$42.50. 

This book is based on lectures given by 
the senior author at the Technical Uni¬ 
versity of Darmstadt to advanced under¬ 
graduate engineering students, The au¬ 
thors intended to lay a solid theoretical 
foundation and have succeeded admira¬ 
bly, on a reasonably high mathematical 
level, Practical applications have been 
relegated to a promised second volume, 
It is unfortunate that this fine set of 
lecture notes lacks some details that 
would enable a novice to follow the de¬ 
velopments more easily, details that 
would undoubtedly be mentioned in the 
actual lectures. The notation is in part 
nonstandard and awkward, perhaps be¬ 
cause the book was printed directly from 
typewritten copy. The translation is ex¬ 
cellent except for a few specialized terms 
where the translator has apparently cho¬ 
sen to translate the German literally in¬ 
stead of using the established English 
nomenclature, The book includes a well- 
chosen set of instructive problems, for 
which it also gives answers. Regrettably, 
it lacks an index. - 
In addition to the topics covered in 
most mechanical vibrations texts, the 
book contains especially well executed 
sections on methods for deriving equa¬ 
tions of motion, on transfer matrices, and 
on the fundamentals of finite elements, It 
is recommended for advanced students 
and for experienced specialists seeking 
broader theoretical insight .—Eric E. 
Ungar, Bolt Beranek and Newman Inc., 
Cambridge, MA 


Turbulent Shear Flows I. F. Durst et 

al., eds. 415 pp, Springer-Verlag, 1979. 

$49.50. 

This book is a curious idea. From more 
than 100 contributions to the First In¬ 
ternational Symposium on Turbulent 
Shear Flows, held at the Pennsylvania 
State University in April 1977, the editors, 
who comprised 80% of the conference or¬ 
ganizing committee, have selected 25 pa¬ 
pers, divided them into five groups—on 
Free Flows, Wall Flows, Recirculating 
Flows, Developments in Reynolds Stress 
Closures, and New Directions in Mod¬ 
eling—and have added some introductory 
remarks for each group. I do not under¬ 
stand why the effort was made, 

Those attending the meeting were 
given a bound volume containing all the 
papers to be presented. The communi¬ 
cation of knowledge would surely have 
been better served if the entire proceed¬ 
ings had been published quickly and 
cheaply in a less immaculate form, like the 
proceedings of the meeting on the same 
subject held in August 1977 in Berlin, 
which appeared a year ago in the Lecture 
Notes in Physics series of the same pub¬ 
lisher. The editors state that each group 
contains the most valuable contributions 
of the conference to the particular group 
topic. Since they did not see fit to list even 
the titles and authors of the other con¬ 
tributions (never mind the abstracts), the 
reader has to take this categorical state¬ 
ment on trust. Natural curiosity about 
how the editors established relative value 
is left unsatisfied. 

Papers which appear in conference 
proceedings are usually ephemeral. They 
are written to a deadline, often discuss 
work still in progress or half digested, and 
tend to be less definitive, considered, or 
complete than journal articles subject to 
stringent reviewing. The papers selected 
for this volume are all competent and 
have apparently been polished and edited, 
but otherwise they differ in no way from 
the usual run-of-the-mill conference 
paper, Apart from three papers on sub¬ 
grid modeling and one on a vortex model, 
the theoretical emphasis is on the term- 
by-term modeling of the Reynolds stress 
equations, The volume presents a rea¬ 
sonably complete picture of this limited 
approach as it existed in the spring of 
1977.—P. G. Saffman, Applied Mathe¬ 
matics , California Institute of Tech¬ 
nology 


Transmission and Propagation of 
Electromagnetic Waves. K. F. Sander 
and G, A, L. Reed. Electronics Texts for 
Engineers and Scientists. 410 pp, 
Cambridge University Press, 1978. 
$54.50 cloth, $11.95 paper. 

This book is a natural sequel to books 
that cover the fundamentals of electro¬ 
magnetics, such as Applied Electromag¬ 
netics (McGraw-Hill, 1978). The first 


chapter begins with a brief review .; 
Maxwell’s equations and continues v,; 
thorough coverage of plane waves: 
conducting and dielectric media. T: 
second chapter, on Poynting’s therm: 
is too general, and would be more npp.v 
priate for a physics text. Chapter 3,. 
guided waves, is excellent, though nmi 
authoritative as the treatment in Iian 
Whinnery, and Van Duzer’s Fields a- 
Waves in Modern Communication I. 
gineering. In view of the importance : 
optical fibers, the absence of diflai' 
waveguides is particularly bother.*# 
The treatment of transmission line?: 
superb. The authors introduce elenie 
of communication theory before eon- 
ering pulse propagation on linen; if 
should be helpful for understand;: 
broadband and digital signals. 

In the final chapters fundamental*: 
radiation, antennas, and microwaves 
cuits are covered in sufficient depth tt, 
point-to-point communication links, h- 
as microwave and satellite links, van 
presented in detail, An example of a 
crowave absorption spectra would hv 
been desirable in the last chapter. 

In summary, this is an excellent l>- 
for a second course in electromagnet:: 
A mild criticism is that there are loo it 
worked examples throughout the? bo; 
and as is characteristic of Europe,." 
textbooks, the number of problems at ti. 

end of each chapter is meager,. Man 

A. Plonus, Electrical Engineering c- 
Computer Science, Northwestern IN 
versity 


History and Philosophy of 
Science 

Endurance of Life; The Implication' 
Genetics for Human Life. MadVirk 
Burnet. 230 pp. Cambridge Universe 
Press, 1978. $16.95. 

Sir Macfarlane Burnet is the Austral:, 
physician who shared with P. B. M«ta«. 
a 1960 Nobel Prize honoring the expe-r 
mental inducing of immunological t«k 
ance. In the present work, Burnet sw?k- 
apply biology, particularly genetics, to. 
analysis of the shortcomings of t; 
“human situation,” subsumed uiuk 
three major headings: old age and dead 
conflict and evil, and disease and deft 
mity. His greatest emphasis is on rigih 
considered in terms of an accelerate 
process of genetic error, Next in impt 
tance are ethical dilemmas, viewed in t! 
perspective of population genetic 
Shorter examinations of cancer, geneti 
diseases, and autoimmunity complete th" 
volume. 

Burnet is best in the sections on agin 
and disease. Discussions of the imrnuc 
system and of molecular genetics a? 
brilliantly done. The general reader, 
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however, may find them slow going; the 
pages are packed with information, often 
technical. 

The title, derived from King Lear, 
summons us to “endure” the pains of life 
to the end. Citing his 78 years, the author 
acknowledges this theme to be personally 
relevant. Reasoning that belief in im¬ 
mortality is no longer possible, Burnet 
maintains that the educated person re¬ 
quires a new, comprehensive outlook 
within which mortality assumes meaning. 
In that regard, Burnet has written a 
theodicy in which Nature replaces the 
diety. 

Trying to frame a genetically based 
social psychology for solving key problems 
of contemporary civilization, Burnet falls 
into difficulty. Much of his section on 
“evil” reads like an ultraconservative 
political tract. Along with democracy, li¬ 
beralism, and the welfare state, the author 
attacks cultural anthropology, belles 
lettres, and the humanities. American 
scientists reluctant to subscribe to innate 
racial differences in IQ are identified by 
Burnet with the Lysenko policies of 
Stalinist Russia. Prescribing “hard logical 
thinking,” he too often reverts to analogy, 
intuition, and sentiment. An incipient 
positivism appears in admonitions that 
scientific knowledge be shaped and sim¬ 
plified for use by the citizenry—hence, 
Burnet’s impatient attempt to reduce 
psychology and sociology to the “mea¬ 
surable qualities” he identifies with ge¬ 
netics. 

In sum, this is a most uneven work. 
Researchers and practitioners will want 
to study Bqrnet’s biomedical insights. His 
social and political Inquiries lack thgt 
scientific acumen .—Gerald J. Gruman, 
History of Medicine, Silver Spring, MD 


Thp Hippocratic Tradition. Wesley D. 

Smith. 264 pp, Cornell University 

Press, 1979. $12.95. 

Hippocrates is still described as the 
father of modern medicine, a title he has 
borne since the 2nd century A.D., and 
forms of the Hippocratic oath still play an 
1 important role in medical tradition. Thjs 
book attempts a chronological recon¬ 
struction and critical analysis of the 
Hippocratic tradition. It looks pot only at 
the composition, assemblage, and prob¬ 
able authorship of the Hippocratic Cor¬ 
pus, the collection of medical writings 
which were gathered in the Alexandrian 
libraries under the name of Hippocrates, 
but also at the creation of the tradition as 
an intellectual entity. 

The analysis moves backwards through 
; time from contemporary scholarship and 
the modern Hippocratic tradition through 
the Renaissance to the Roman Galenic 
and earlier Hellenistic, interpretations of 
the Hippocratic Corpus. Medieval medi¬ 
cine was essentially Galenic medicine, and 


Galen’s Hippocratism, his personal re¬ 
construction of the preceding tradition 
and its influence on his medical theory 
and practice, is particularly elaborated 
upon, The core of the discussion lies in the 
criteria by which the Corpus has been 
judged through time, criteria that reflect 
contemporary ideals, npt necessarily those 
of the Hippocratic writings themselves. 
The author’s primary concern is thus to 
examine how some important medical 
ideas and ideals have developed and 
changed, and the different ways in which 
this particular selection from ancient 
history has been interpreted over more 
than 2,000 years. Smith, a classicist, has 
attempted to construct an argument of 
value to members of this discipline, as well 
as to the intellectual historian and the 
historian of medicine. 

There has been a renewed interest in 
the study of the Hippocratic Corpus since 
the 1950s, and this work adds a new syn¬ 
thesis and some original and provocative 
ideas to the debate. Although it includes 
a basic bibliography of relevant primary 
and secondary sources, the text is densely 
argued and is not easy to read without 
previous knowledge of the material. 
However, as a critical interpretation of the 
establishment of a central medical tradi¬ 
tion, this is a valuable book, both to the 
history of medicine in particular and to 
the history of ideas in general .—Smdra 
Colville-Stewart, Biomedical Library, 
University of California, Los Angeles 


The Temperature of History: Phases of 
Science and Culture in the Nineteenth 
Century. Stephen G. Brush, Studies in 
the History of Science, 4.210 pp, Burt 
Franklin, 1978. $18.95. 

Brush is looking for links between 
science and culture during thp nineteenth 
century aqd the early decades of the 
twentieth. In this reconnoitering essay, 
science is represented principally by the 
kinetic theory of gases, which Brush 
knows intimately; general culture is 
characterized by the alternating phases of 
romanticism, realism, neorpmanticism, 
and neorealism. 

Romanticism is associated with 
Naturphikmphie, with the unity of 
forces, and the conservation of energy. 
Realism goes with the mechanical phi¬ 
losophy, the development of the kinetic 
theory, the second law of thermodynam¬ 
ics, and the heat death of the universe, 
T|ie reaction into neoromanticism brings 
positivism and energetics, the counter¬ 
reaction into neorealism is accompanied 
by the theory of biological degeneracy. 

To summarize the book so briefly is to 
caricature it. Brush’s arguments are too 
intricate and wide-ranging to be encom¬ 
passed in a paragraph. One must read the 
book to do it justice, and it is remarkably 
easy to read, which is odd on the face of it. 
It can be irritating, it can be dry, and yet 
it contrives to be so continuously inter¬ 


esting that one skims it off in a single sit¬ 
ting. 

The book is not, or should not be left to 
be, the last word on the subject, but it is 
a good, stimulating, provocative, early 
word .—Alfred Romer, Physics, St. Law¬ 
rence University 


Climbing the Academic Ladder: Doc¬ 
toral Women Scientists in Academe. 
National Research Council, Committee 
on the Education and Employment of 
Women in Science and Engineering, 
155 pp. National Academy of Sciences, 
1979. $8 paper. 

Where are the qualified women? 

This report compares in terse prose and 
45 tables the education, postdoctoral 
training, academic employment, and 
representation on national advisory 
committees (NAS, NSF, NIH) of women 
Ph.D.’s with those of male counterparts 
in selected disciplines of the natural sci¬ 
ences, social sciences, and engineering, 
Statistics (garnered from a variety of 
sources, including publications in the 70s 
and the NRC survey of Ph.D.’s earned 
between 1934 and 1976) confirm casual 
observations oti the present status of vir¬ 
tually all women in academe: they are 
predominantly found as postdocs, lec¬ 
turers, or assistant professors—and they 
receive lower salaries at all levels of at¬ 
tainment than men of comparable status. 
Fewer women are employed at universi¬ 
ties of first rank, and several departments 
(e.g. chemistry) are notoriously devoid of 
female faculty members in spite of a rea¬ 
sonably consistent supply of Ph.D.’s over 
the years. But recent appointments and 
promotions elicit optimism that budget 
restrictions will not be used as a conve¬ 
nient excuse for noncompliance with 
federal, equal opportunity and affirmative 
action regulations, 

Some myths are dispelled. The survey 
demonstrates that women qualify for 
Ph.D.’s within the same study time and at 
similar institutions as men—and usually 
exhibit better academic records than men. 
They aspire to careers in teaching and 
research in equal proportions. 

The acceptance and promotion of 
women scientists thus seem dependent on 
rectifying traditional postures in recalci¬ 
trant science departments. Women are 
probably the nation’s underutilized re¬ 
newable resource. The winds of challenge 
are blowing. Will the breeze be steady or 
blow up a storm before academe charts a 
“true course"—enlightenment or cm- 
battlement? Poignant questions art* 
raised at, this crisis time—not only for 
science but for higher education—by t his 
report, a concise, fully referenced docu ¬ 
ment with 13 practical recommendations 
for concerned faculties and administra¬ 
tions,—#. Catherine. W. Skinner, Sin 
ggry and Biology, Yale University 
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A History of the Life Sciences. Lois N. 

Magner. 489 pp. Marcel Dekker, 1979. 

$23.50, 

This attractive and generously illus¬ 
trated volume will prove an invaluable aid 
for teachers and students of the history of 
science. Dr, Magner’s style is succinct and 
stimulating. Her review of the relevant 
literature is thorough and perceptive; 
thoughtful reflection has enabled her to 
recount the rise of biology in its proper 
historical context. Organized around a 
skillful use of chronology, thematic 
treatments, and fascinating biographical 
sketches, the .book traces the life sciences 
from ancient times through the second 
half of the present century. It deserves to 
be widely read by scientists as well as 
humanists. Seldom does one find such a 
clearly stated and finely polished piece of 
work .—Glenn Vandervliet, History and 
Social Science, Northfield Mount Her- 
mon School, Mount Herman, MA 


Gay-Lussac: Scientist and Bourgeois. 

Maurice Crosland. 333 pp. Cambridge 

University Press, 1978. $36, 

Crosland continues his meticulous 
study of early nineteenth-century French 
science in this welcome biography of the 
celebrated chemist Joseph Louis Gay- 
Lussac (1778-1850)..Scholarly accounts 
of French scientists are few, even in 
French, and this new work is an irilportant 
addition to a sparse field. The author not 
only examines the life and work of his 
subjectjbut seeks to place him “in his in¬ 
tellectual, social and national context.” In 
doing so he offers valuable insights and 
information about the organization and 
pursuit of science in France from the later 
Revolutionary period until the middle of 
the following century. Gay-Lussac was 
one of the first professional scientists, 
notable for his experimental and theo¬ 
retical researches in chemistry and 
physics and for the significant practical 
applications of science he made in the 
service of government and industry. 

Crosland has uncovered a great deal of 
new material, including the Gay-Lussac 
library and archives, and uses it, together 
with other printed and manuscript 
sources, with authority. No one is better 
than he at thorough and lucid expositions 
of scientific matter, and once again he 
displays this talent in his discussion of 
Gay-Lussac’s work, Using “a thematic 
rather than a strictly chronological ap¬ 
proach,” he has set out the facts of the 
philosopher’s life, examjned his works, 
and attempted “to relate him to his con¬ 
temporaries and to more general prob¬ 
lems.” He is particularly successful in h(s 
discussion of Gay-Lussac’s rivalry with 
Davy, of his activities as professor, Aca¬ 
demician, and editor, and of the part he 
took in utilizing science. 

Gay-Lussac was a gifted and indefati¬ 
gable experimentalist and theoretician 
with a broad range of scientific interests. 


He did not, as Crosland points out, di¬ 
vide his life into two separate compart¬ 
ments: science and private life” but hap¬ 
pily joined the two. As a man he was 
rather colorless and conventional, imbued 
with French middle-class ideas and intent 
on bettering his place and—chiefly for the 
sake of his family—accumulating money. 
His biographer manages to delineate both 
the scientist and the bourgeois. 

A valuable appendix—one wishes it 
might have been longer—gives select and 
hitherto unavailable correspondence from 
the family archives. Excellent notes and 
a judicious bibliography complete the 
volume .—Elizabeth C. Pallcrsm, Phys¬ 
ical Science, Albertus Magnus College 


Principles, (if Biomedical Ethics. Tom 
L. Beauchamp and James F. Childress. 
314 pp. Oxford University Press, 1979. 
$13.95 cloth, $7.96 pdbeL 
Contemporary Issues in Biomedical 
Ethics. John W. Davis, Barry Hoff- 
master, Sarah Shorten, eds, 300 pp. 
Clifton, NJ: The Humana Press, 1978. 
$19.50. 

Beauchamp and Childress attempt to 
delineate a general ethical theory which 
shows “an integrated framework of prin¬ 
ciples through whicfi diverse moral 
problems may be handled.” Their 
“framework” consists of four broad (and 
prima facie) principles (autonomy, non¬ 
maleficence, beneficence, and distributive 
justice), together with several subsidiary 
rules (e.g. truth-telling and confidential¬ 
ity) which derive from notions of com¬ 
mutative justice. All of these principles 
are examined with particular interest in 
their, relevance for modern issues and 
problems in biomedicine, and all of them 
are illustrated by referring to specific 
settings in medical practice. Appendixes 
contain 29 cases and 9 “codes of ethics,” 
The attempt, in at least one respect, is 
rernarlcably successful: two ethicists—one 
trained in philosphy (Beauchamp) and 
the other in theology (Childress)—-are 
able, despite presumably different start¬ 
ing points, to agree on basic principles and 
to relate these norms to substantive 
issues. Jn two other respects, however, the 
attempt is methodologically flawed: the 
four general principles are, in fact, pot 
competitive for priority on an equal basis 
in particular cases but galvanized under 
the primacy of autonomy, and case ma¬ 
terials tend to be used to show how an 
ethical principle was violated rather than 
how the ethical principle(s) might apply 
in various ways. Identification and de¬ 
lineation of general principles is surely 
important, but these are much too general 
and abstract to answer “What ought to be 
done here and now?” or to show how such 
a question can be decided, How (or indeed 
whether) these principles can be cogently 
applied to the dilemmas of medical 
practice is undemonstrated, 


Davis, Hoffmaster, and Shorten Jftv 
edited a symposium—chiefly a 
sation between and among phita 
phers—which treats five topics: rights ar 
moral decisions, issues in genetics, the rd 
of the physician, informed consent ac; 
paternalism, and professional respom 
bility. As with most symposia, there 
some unevenness in the papers; an wv 
too few symposia, there is provocati 
interchange, between the authors 
principal papers and tespondents. Th ¬ 
is not space here to discuss individ ufll 
says, all of them engaging and useful; it 
book will probably be of most interest! 
readers who understand and enjoy ft 
intricacies and subtleties of philosophy 
argument .—Harmon L, Smith, Mott. 
Theology and Community and Fame 
Medicine, Duke University 


James Prescott Joule and the Com*; 

of Energy. Henry John Steffens. U 

pp. Neale Watson, 1979. $20. 

Steffens examines the development. 
Joule’s work as a foundation for sufe 
quent mathematical expressions of ft- 
concept of energy. He does this by <xi 
centrating on heat, from studies a 
equivalence up to the work of Willk 
Thomson and others in the 1850s, and 
is only in the brief concluding chap 
that a more generalized concept of enerr 
is given prominence. The book is in effe 
divided into two pdrts, the first dtaalir, 
with Joule, the second and shorter dh 
cussing the way in which Joule’s wm 
influenced the ideas of Thomson, Rani 
ihe, and Clausius. Most of the significant 
of the argument is concentrated in the Jar 
two chapters, with a resulting irohsi 
ance. 

There are good things in the chapter 
on Joule. The discussion of his dctt-rrr.: 
nation of the mechanical equivalent c 
heat is elegant, and Steffens shows ins© 
in assessing the reception of Junta’* « 
perimental results in general. They m-t 
disconcertingly precise, and anticipate 
the improvements in instrument,lit it* 
that, by tlie 1850s, would lend genett 
credence to a temperature reading am 
rate to 1/200 of a degree. But there m 
historiographically Curious assumption 
underlying the text, as when Htoffei* 
states that Joule had developed n “par 
tialiy complete theory of heat by 18J1 M 4 
30). Joule’s thought was perhaps fa- 
prescient, more elliptical, and less Jogiea 
than Steffens concludes. The chapter« 
Joule and Mayer identifies the phite 
sophical and experimental dimensions o: 
the debate and analyzes Joule’s awk wart 
translation of Mayer. 

The most satisfying chapter, subtitled 
“The Reconciliation of Theory and Ex¬ 
periment,” shows how Joule’s work M 
Thomson especially to consider the im¬ 
plications for Carnot’s theory and to for¬ 
mulate a dynamical and mathematic* 
theory of heat that allowed for dissipation 


rather than annihilation. Steffens dis¬ 
cusses concepts rather than mathe¬ 
matics. 

Documentation is accurate, but a 
greater use of recent secondary literature 
would have added depth and persuasive¬ 
ness to contextual aspects of the narra¬ 
tive .—Trevor H. Levere, Institute for the 
History and Philosophy of Science and 
Technology, University of Toronto 


Lord Kelvin: The Dynamic Victorian, 

Harold Issadore Sharlin. 272 pp. 

Pennsylvania State University Press, 

1979.116. 

The position of William Thomson, 
Lord Kelvin (1824-1907), in the historical 
succession of physicists is hard to decide. 
To many of his contemporaries he seemed 
another Newton; nowadays he is chiefly 
remembered as one of the founders of 
thermodynamics, as the author of theo¬ 
rems in hydrodynamics and electricity, 
and as a stubborn adherent to views on 
the aether that Einstein exploded. His 
work in developing the first Atlantic cable 
is vaguely recalled but little understood, 
Some people know of his controversy with 
the Darwinians about the age of the earth, 
while others are aware of the scientific 
instruments he invented, but few have 
any picture of Kelvin the man. 

Sharlin’s book is short, readable, and 
informative. Those who know nothing of 
Kelvin and lack the patience to plow 
through Silvanus P. Thompson’s long- 
winded official biography (1910) will learn 
from it. Whether they will really get to 
know Kelvin or his work is another mat¬ 
ter. Sharlin has consciously decided to 
exclude mathematical technicalities. This 
approach can be justified on the grounds 
that Kelvin was a public figure interesting 
to others besides physicists, but it re¬ 
quires the knack of summarizing physical 
arguments ip simple words. Too often 
Sharlin’s explanations are vpgue and 
evasive, unsatisfying to physicists and 
misleading to laymen. 

Kelvin was not another Newton, Ein¬ 
stein, or Maxwell. He was nevertheless an 
extraordinary man, His genius consisted 
in seizing on some point,^making it the 
center of activity, and throwing forth a 
string of ideas that were, in Maxwell’s 
words, not just scientific but “science- 
forming.” One sees this in his early paper 
(1843) on an analogy between electro¬ 
statics and the flow of heat, and also in his 
remark of 1902 that if the Lorentz-Drude 
free electron gas theory of conductivity 
were true, the resistance of a metal at lpw 
temperatures should approach infinity. It 
was through following pp this hint that 
Kamerlingh Onnes stumbled upon su¬ 
perconductivity. 

Kelvin was the first exemplar of a kind 
of scientist that has flourished in the 
United States since World War II: the 
academic physicist who is also an entre¬ 
preneur, He made a fortune from hjs in¬ 


ventions. He enjoyed success, displaying 
it in his 126-ton yacht and in his large 
(and hideous) mansion near Glasgow, in 
whose grounds strutted a flock of pea¬ 
cocks given him by Maxwell. Unlike some 
of his successors he continued to do 
physics. 

Often our ideas about great men are 
derived from portraits of them at a par¬ 
ticular age. The name Kelvin summons up 
in our minds a bearded, beady-eyed Vic¬ 
torian patriarch, It is pleasant to read 
Helmholtz’s modest account of his first 
meeting with young Professor Thomson, 
then aged twenty-three: “I expected to 
find the man, who is one of the first 
mathematical physicists of Europe, 
somewhat older than myself, and was not 
a little astonished when a very juvenile 
and exceedingly fair youth, who looked 
quite girlish, came forward... He far ex¬ 
ceeds all the great men of science with 
whom I haye made personal acquaint¬ 
ance, in intelligence, lucidity, and mobil¬ 
ity of thought, so that I felt quite wooden 
beside him sometimes.”—C. W, F. Eve'r- 
itt, Physics, Stanford University 


Mind and Nature: A Necessary Unity. 

Gregory Bateson. 238 pp, E. P. Dutton, 

1979. $11.95. 

The hasjc premise of this stimulating 
book is that the phenomena of life, from 
epigenesis to learning to evolution, can 
profitably be viewed as epistemological 
processes, It asserts that the starfish’s 
knowing how to grow into fivefold sym¬ 
metry, for example, is knowledge in the 
same sense as my knowing how to count 
to ten or to prove a theorem, This implies 
that logical and epistemological results 
may have important applications to 
problems far removed from their origins 
in formal logic, and the book is devoted to 
exploring some of them. Whitehead and 
Russell’s concept of logical types illumines 
the distinction between Darwinian and 
Lamqrckian evolution; the paradoxes 
associated with self-reference are seen to 
be central to the notion of homeostqsis; 
the processes of transformation and cod¬ 
ing irifluence perception and cognition, 
and so on. 

Bateson begins with a chapter wistfully 
entitled “Every schoolboy knows ., 
which' lays out the basic facts of logic, 
perception, and cybernetics out of which 
he will weave his story. Would that every 
schoplboy did. This is followed by a dis¬ 
cussion of the increment in understanding 
gained by comparing two pieces of infor¬ 
mation. Then comes a central chapter on 
the characteristics of mind. Epistemology 
is, after all, usually associated with a 
mind; if the scope of epistemology is to be 
enlarged to include starfish and ecosys¬ 
tems, so must the concept of mind. The 
results are eventually brought to bear on 
the “two great stochastic processes," 
learning and evolution. The book con¬ 
cludes with a new view of hierarchical 


systems, in which process and classifica¬ 
tion alternate from one step of the hier¬ 
archy to the next. 

All this sounds complicated, but it is 
done without any of the trappings of 
modern systems theory, population biol¬ 
ogy, and cybernetics. There is not an 
equation in the book, Instead, the reader 
is invited to grapple with the distilled re¬ 
sult of nearly 50 years of thought on the 
issues. The presentation is typical Bate¬ 
son: elegant, incisive, and learned. The 
book can be read by anyone, and Bateson 
draws on such a wide range of concepts 
(when did you last read a book whose 
glossary defines both Brownian mode- 
ment and sacramentl) that anyone 
whose does so is likely to benefit from 
it, 

The book certainly succeeds in making 
us examine our own thinking patterns and 
what they mean, and it opens new ap¬ 
proaches to some old and important 
problems, I sometimes found myself 
wishing for more supporting material; the 
last chapter, in particular, seems much 
rawer than the rest of the hook, and if 
cries out for mure analysis. I also found 
myself drawing connections to other ideas 
that I wished had been considered in the 
book (Popper’s evolutionary epistemology 
and Prigqgine’s thermodynamics, to name 
two), Bateson himself would consider that 
a measure of his success ,—Hal Caswell, 
Biological Sciences, University of Con¬ 
necticut 


Aepinus’s Essay on the Theory of 
Electricity and Magnetism. R, W. 
Home, ed. Trans. P, J. Connor. 514 pp. 
Princeton University Press, 1979. 
$37.50. 

Electricity in the 17th and 18|;h 
Centuries: A Study of Early Modern 
Physics. J, L, Heilbron, 606 pp, Uni¬ 
versity of California Press, 1979, $4(1, 
Home’s book on Aepinus very success¬ 
fully presents the important elements of 
the career of an oft-mentioned bqt little 
understood 18th-century scientist, F. E. 
T, Aepinus (1724-1802), This full biog¬ 
raphy is accompanied by P. J, Connor’s 
first-rate translation of Aepinus’s major 
work Tentamen theoriae eleclricitatis H 
magnetismi (1759). 

Home’s biography ties together ele¬ 
ments of the history of electricity and 
magnetism and shows'how Aepinus’s 
studies capped the work of Franklin and 
provided an inspiration for the synthetic 
work of Coulomb, Poisson, and others 
who followed him into the quantification 
of the subfields of physics. As a bonus, 
this study presents interesting aspects of 
social and political life in 18th-century 
Russia, Aepinus’s work has remained al¬ 
most unknown because it was written in 
Latin, because Aepinus himself received 
little support from his Russian colleagues, 
and because German (and German/Rua- 
sian) science was outside the mainstream 
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in France and England. Horae’s extensive 
and intensive annotation and bibliogra¬ 
phy are outstanding features of both the 
biography and the translation, Although 
its major use will be by historians of 
science and by all others interested in the 
history of the physical sciences, historians 
of Europe will also benefit greatly from 
this book, 

Heilbron’s work is really two books in 
onb. The first 166 pages comprise an essay 
on early modern physics and its cultiva¬ 
tors, which treats of the personnel, the 
received philosophical ideas, and the in¬ 
stitutional structures making up Euro¬ 
pean physics and natural philosophy in 
the 17th and 18th centuries. I would urge 
the publisher to consider issuing this first 
portion as a separate monograph suitable 
for use in undergraduate courses (perhaps 
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with some alteration in the prose and the 
level of presentation). Heilbron discusses 
here not only Aristotelian “essentialism,” 
Cartesian corpuscular physics, and 
Newtonian attraction but also presents an 
introduction to a social and institutional 
census and demography of early modern 
physics. 

He follows this interesting if unortho¬ 
dox beginning with 330 pages examining 
the works of “everyone who made signif¬ 
icant contributions to the understanding 
of electrical phenomena” between 1600 
and 1790, some 210 electricians! Everyone 
is here: William Gilbert, Robert Boyle, 
Franklin, Aepinus, Coulomb, Cavendish, 
as well as Niccolo Cabeo, Ewald von 
Kleist, Gianfrancesco Cigna, and a host of 
others less well known. Many subthemes 
are introduced, but Heilbron basically 


discusses the history of electricity fife 
Gilbert to Coulomb in three periods: thfe 
working in the 17th century, a period f 
“narrow exploration and premature fiV'i 
tematization”; the unmathematicfll fe 
perimental philosophers of the early an 
mid-18th century; and the “quantified 
of the late 18th century. 

Heilbron has been working »n th= 
study for nearly 20 years. The bihliogr, 
phy reflects his tremendous efforts arid i 
complete except that he has chosen nott 
list individual entries from multivohift ; 
works such as th e Dictionary of Mat inn;. 
Biography and the Dictionary of Suite 
tific Biography . The reader is well n 
warded upon picking up this volume. It 
a superb contribution to the history f 
science—C, Stewart Gillmor, 11 inter. 
Wesleyan University, Middletown , C'i 
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moregulation. Studies in Biology, 101). 
56 pp. University Park Press. $4.95 
paper. 

Ayala, Francisco J., & James W. Valen ¬ 
tine, Evolving: The Theory and Pro¬ 
cesses of Organic Evolution. 452 pp. 
Benjamin/Cummings. $16.95, 

Barrington, E. J. W. Invertebrate Stme- 
ture and Function, 2nd ed. 765 pp. 
Halsted Press, $27.50. 

Bellamy, David. Forces of Life: The Bo¬ 
tanic Man. 208 pp, Crown. $15.95. 

Bennett, Kenneth A. Fundamentals of 
Biological Anthropology. 550 pp. Wil¬ 
liam Brown. No price given. 

Blandy, John P, Transurethral Resec¬ 
tion, 2nd ed. 184 pp. University Park 
Press, 1978. $24.50. 

Bourne, G. E, & J, F. Danielli, eds. In¬ 
ternational Review of Cytology, Vol, 
59.392 pp, Academic Press, $34.50. 

Camerini-Davalos, Rafael, & Bernard 
Hanover, Treatment of Early Diabetes, 
Advances in Experimental Medicine 
and Biology, 119, 532 pp. Plenum. 
$49.50. 

Celis, J. E,, & J. D, Smith, eds, Nonsense 
Mutations and tRNA Suppressors, 349 
pp. Academic Press, $33.25. 

Chamberlain, G.V.P„&A. W. Wilkin¬ 
son, eds, Placental Transfer, 212 pp. 
University Park.Press. $39.50, 

Chambers, Kenneth A, A Country Lover’s 
Guide to Wildlife: Mammals, Am¬ 
phibians, and Reptiles of thv 
Northeastern United States, 228 pp. 
Johns Hopkins University Press. 
$14,95, 

Chapman, A, R, O. Biology of Seaweeds: 
Levels of Organization. 134 pp, Uni ¬ 
versity Park Press. $10.75 paper. 

Chen, Edwin, PBB: An American Trag¬ 
edy, 329 pp. Prentice-Hall. $10,95. 

Coaker, T. H,, ed. Applied Biology, Vol. 
4,285 pp. Academic Press, $34. 

Cooke, I. D. The Role of Estrogen/Pro- 
. gestogen in the Management of the 
Menopause. Proc, Symp., Univ. of 
Sheffield, England, 1978,148 pp. Uni 
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versity Park Press, 1978. $17.50. 

Coulston, Frederick, ed. Regulatory As¬ 
pects of Carcinogenesis and Food Ad¬ 
ditives: The Delaney Clause. Ecotoxi- 
cology and Environmental Quality, 2. 
397 pp. Academic Press. $24. 

Darwin, Charles, The Illustrated Origin 
of Species. Abridged Richprd E. 
Leakey. 240 pp. Hill & Wang. $25. 

Davies, Julian, & Barbara Shaffer Lit- 
tlewood. Elementary Biochemistry: An 
Introduction to the Chemistry of Liv¬ 
ing Cells. 346 pp. Prentice-Hall. 
$14.95. 

The Desert Tortoise Council. Proc. 3rd 
Annual Symp., Las Vegas, NV, 1978. 
189 pp. San Diego: Desert Tortoise 
Councjl. $5 paper, 

Deutsch, Lawrence J,, & Alan M. Rich¬ 
ards. Elementary Hearing Science. 191 
pp. University Park Press. $12.95 
paper. 

Doggett, R. G., ed. Pseudomonas aerug¬ 
inosa: Clinical Manifestations of In¬ 
fection and Current Therapy. 504 pp. 
Academic Press. $41. 

Donaldson, R. J,, ed, Parasites and 
Western Man. 220 pp, University Park 
Press. $17.50. 

Draper, Harold H., ed. Advances in Nu¬ 
tritional Research, Vol. 2. 250 pp. 
Plenum. $27.50. 

Emboden, William. Narcotic Plants: 
Hallucinogens, Stimulants, Ine- 
briants, and Hypnotics, Their Origins 
and Uses, rev. ed, 206 pp. Macmillan. 
$15.96. 

Eskin, NL A. Michael. Plant Pigments, 
Flavors and Textures: The Chemistry 
and Biochemistry of Selected Com¬ 
pounds. Food Science and Technology. 
219 pp. Academic Press. $18.50. 

Exton-Smifh, A. N., & P, W. Overstall. 
Guidelines in Medicine, Vol. 1: Geri¬ 
atrics. 344 pp. University Park Press. 
$24.50. 

Florey, Klaus, ed. Analytical Profiles of 
Drug Substances, Vol. 8.558 pp. Aca¬ 
demic Press. $28. 

Formap, Richard T, T., ed. Pine Barrens: 
Ecosystem and Landscape. 801 pp. 
Apademic Press. $39.50. 

Fox, Denis L. Biochromy: Natural Col¬ 
oration of Living Things. 248 pp. Uni¬ 
versity of California Press. $24,50, 

Freeman, Julian. Arthritis: The New 
Treatments. 158 pp. Contemporary 
Books. $8.95. 

Freis, E. D,, ed. The Treatment of Hy¬ 
pertension. Current Status of Modern 
Therapy, 1. 164 pp. University Park 
Press. $16.50. 

Frigerio, Alberto, ecj. Recent Develop¬ 
ments in Mass Spectrometry in Bio¬ 
chemistry and Medicine, Vol, 2. 492 
pp. Plenum. $45. 

Fuji!, Stesuro, Hiroshi Moriyg, Tomoji 
Suzuki. Kinins-2: Biochemistry, 
Pathophysiology, and Clinical As¬ 
pects. Advances in Experimental 
Medicine and Biology, 120A, 610 pp. 
Plenum. $59.50. 

Gastineau, Clifford F., William J, Darby, 
Thomas B, Turnery eds, Fermented 
Food Beverages in Nutrition. The 
Nutrition Foundation Series. 537 pp, 
Academic Press. $45. 

George, David J. Common Medicines: An 
Introduction for Consumers. 197 pp. 
W. H. Freeman. $6 paper. 

Gill, G. N., ed. Pharmacology of Adrenal 
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Cortical Hormones. International En¬ 
cyclopedia of Pharmacology and 
Therapeutics, 100. 243 pp. Pergamon 
Press. $40. 

Glucksberg, Harold, & Jack W. Singer. 
Cancer Care: A Personal Guide. 409 
pp. Johns Hopkins University Press, 
1980. No price given. 

Grams, Ralph R. Medical Information 
Systems: The Laboratory Module. 430 
pp. Clifton, NJ: Humana Press, 
$39.50. 

Greep, Roy Q. Recent Progress in Hor¬ 
mone Research. Vol. 35, Proc. Lau- 
rentian Conf., 1978.537 pp. Academic 
Press. $41. 

Gregory, John D,, & Roger W. Jeanloz, 
eas. Glycoconjugate Research. Proc. 
4th Internat. Symp., Woods Hole, MA, 
1977. Vol. 1.571pp. $32. Vol. 2.528 pp. 
$29.50. Academic Press. 

Gupta, A. P., ed, Insect Hemocytes: De¬ 
velopment, Forms, Functions, and 
Techniques. 614 pp. Cambridge Uni¬ 
versity Press. $79.50. 

Hafez, E. S. E., & Elinor Spring-Mills. 
Accessory Glands of the Male Repro¬ 
ductive Tract. Perspectives in Human 
Reproduction, 6.304 pp. Ann Arbor 
Science. $30. 

Hall, David A., & D, S. Jackson, eds, In¬ 
ternational Review of Connective 
Tissue Research, Vol. 8,304 pp. Aca¬ 
demic Press, $32. 

Harris, James T. The Peregrine Falcon in 
Greenland: Observing an Endangered 
Species. 255 pp. University of Missouri 
Press. $15,95. 

Harrison, Hal H. A Field Guide to West¬ 
ern Birds' Nests, Peterson Field Guide 
Series, 25.279 pp, Houghton Mifflin. 
$11,95, 

Hartman, Daniel. Ecology and Behavior 
of the Manatee (Trichechus manatus) 
in Florida. Special Publication, 5.153 
pp. Pittsburgh: The American Society 
of Mammalogies. $10. 

Haspels, A. A., & H, Musaph, eds. Psy- 
chosomatics in Peri-Menopause. 124 
pp. University Park Press. $14.95, 
Hawker, Lilian E., & Alan H, Linton. 
Micro-Organisms: Function, Rom and 
Environment, 2nd ed. 391 pp. Univer¬ 
sity Park Press. No price given. 

Hess, Hana-Jurgen, ea. Annual Reports 
in Medicinal Chemistry, Vol. 14.357 
pp. Academic Press. $19,50 paper, 
Hewlett, P. S., & R. LPlackett. h In¬ 
troduction to the Interpretation of 
Quantal Responses in Biology. 82 pp. 
University Park Press. $11.95 paper, 
Hirs, C. H, W., & Serge N, Timasheff, eds. 
Enzyme Structure, Part H. Methods in 
Enzymology, 61. 577 pp. Academic 
Press, $45. 

Hodges, Robert E„ ed. Human Nutrition: 
A Comprehensive Treatise, Vol. 4: 
Nutrition: Metabolic and Clinical 
Applications. 478 pp. Plenum, 
837.50. . 

Hower, Holland O, Freeze-Drying Bio¬ 
logical Specimens: A Laboratory 
Manual , 196 pp. Smithsonian Institu¬ 
tion Press. $25. 

Hynes, R. 0., ed, Surfaces of Normal and 
Malignant Cells. 471 pp. Wiley. $65. 
Inglett, George E., & George Charalam- 
bous, eds. Tropical Foods: Chemistry 
and Nutrition, Vol, 2. 701 pp. Aca¬ 
demic Press. $21. 

Jackson, Laird G., & R. Neil Schimke, eds. 


Clinical Genetics: A Source Booh . 
Physicians. 652 pp. Wiley. $35, 

Jeffers, John N. R. An Introduction 
Systems Analysis,, with Ecologi 
Applications. Student Texts in 6 
temporary Biology. 198 pp. Univeri' 
Parjc Press. $24.50. 

Jelliffe, Derrick B., & E. F. Patrice Jolt, 
eds. Human Nutrition: A Comp 
hensive Treatise, Vol. 2: Nutritiont" 
Growth. 452 pp. Plenum. $37,50; 

Jorgensen, Sven Erik. State-of-lhe-Ari 
Ecological Modelling. Proc, (V: 
Copenhagen, 1978.887 pp. Pcirgarr 
Press. $90 paper. 

Karcher, D., A. Lowenthal, A. 
Strosberg, eds. Humoral Immuttih 
Neurological Diseases. NATO ) 
vanced Study Institutes, Series A: l . 
Sciences, 24.668 pp. plenum. SOIL 

Kerkut, G. A., & J. W. Phillis, erls. h 
ress in Neurobiology, Vol. 10.297? 
Pergamon Press. $60. 

Kepner, G. R., ed. Cell Membrane i 
meability and Transport. Bemlim; 
Papers in Human Physiology, 12.; 
pp. Academic Press. $35, 

Kessell, Stephen R. Gradient Morhh 
Resource and Fire Management, j. 
pp. Springer-Verlag. $39.80, 

Klein, George, & Sidney Weinlmuse.e. 
Advances in Cancer Research, Vol. 
369 pp. Academic Press, $34. 

Ideinsasser, Oskar. Microlaryngomo, 
and Endolaryngeal Microsum 
Technique and Typical Fittdk 
Trans. P. M. Stall. 180 pp. Univr-t 
Park Press. $64.50. 

Knox, R. Bruce. Pollen and Alhq 
Studies in Biology, 107.59 pp. Uiiii- 
sity Park Press. $4.95 paper. 

Kohlmeyer, Jan, & Erika Kohlmtf 
Marine Mycology: The Higher Fur, 
690 pp. Academic Press. $59.50, 

Kothari, Manu L„ & Lopa A. 

Cancer: Myths and Realities of Cm 
apd Cure. Ideas in Progress. 159: 
Salem, N. H.: Marion Boyars, $12 ek 
$4.95 paper. 

Kunkel, Henry G., & Frank J, Dixpn, f€ 
Advances in Immunology, Vol. 27. .V. 
pp. Academic Press. $29.50. 

Lamberti, F., & C. E. Taylor, eds. R< 
Knot Nematodes (Mcloidi.^ 
Species): Systematics, Biology c 
Control. All pp. Academic Press. $ 

Leavitt, Wendell W„ & James H. Ck 
eds. Steroid Hormone Receptor & 
tems. Advances in Experiment 
Medicine and Biology, 117, 4H9 ?■ 
Plenum. $45. 

Lennette, David A., Steven .Spec: 
Kenneth D. Thompson, eds. IUagiv 
of Viral Infections: The Role nf r 
Clinical Laboratory. 254 pp. Univen 
Park Press. $24.50. 

Lockwood, A, P, M. The Membrane; 
Animal Cells, 2nd ed, Studies in Bk 
ogy, 27.75 pp. University Pprk Pk 
$ 4.95 paper. 

Longmore, D. B. Modern Cardiac &'■ 
gery. 393'pp. University Park Pk , 
$29.50, 

Lovell, S. An Introduction tpRadiatv 
Dosimetry. Techniques of Measu: 
ment in Medicine, 4. 1.16 pp. Car 
bridge University Press. $18.50 dot 
$5.50 paper. 

Lumley, J. S. P., & J. L. Craven, ec 
Surgical Review 1 .407 pp. Uni very 
Park Press. $29.95. ’ 


Lumsden, W. H. R., & D. A. Evans, eds. 
Biology of the Kinetoplastida. 738 pp. 
Academic Press. $94.50. 

McGuire, William L., ed. Breast Cancer: 
Advances in Research and Treatment, 
Vol. 3: Current Topics. 271 pp. Ple¬ 
num. $39.50.. 

Majchrowicz, Edward, & Ernest P. Noble, 
eds. Biochemistry and Pharmacology 
of Ethanol, Vol. 1.704 pp. $47.50. Vol. 
2.572 pp. $42.50. Plenum. 

Manson, L, A,, ed. Biomembranes, Vol. 

10.241 pp. Plenum. $29.50. 

Margolis, Richard U., & Renee K. Mar- 
golis, eds. Complex Carbohydrates of 
Nervous Tissue. 401 pp, Plenum. 
$39.50. 

Marks, M. I., ed. Common Bacterial In¬ 
fections in Infancy and Childhood: 
Diagnosis and Treatment. 140 pp. 
University Park Press. $9.95 paper. 
Miles, John. Vegetation Dynamics. 
Outline Studies in Ecology, 80 pp. 
Halsted Press. $4.95 paper. 

Moore, Thomas C, Biochemistry and 
Physiology of Plant Hormones. 274 pp. 

S er-Verlag, $22.80. 

rnes, P. H., ed. Topics in Paedi¬ 
atrics 1: Haematology and Oncology. 
156 pp. University Park Press. 
$24.50, 

Morton,. John. Guts: The Form and 
Function of the Digestive System, 2nd 
ed. Studies in Biology, 7.59 pp. Uni¬ 
versity Park’ Press. $4.95 paper. 
Muller-Ruchholtz, Wolfgang, & Hans 
Konrad Muller-Hermelmk, eds. 
Function and Structure of the Im¬ 
mune System. Advances in Experi¬ 
mental Medicine and Biology, 114.850 
pp. Plenum. $76. 

Myers, Norman. The Sinking Ark: A New 
Look at the Problem of Disappearing 
Species. 307 pp. Pergamon Press. No 
price given. 

Neff, Jerry M. Polycyclic Aromatic Hy¬ 
drocarbons in the Aquatic Environ¬ 
ment: Sources, Fates and Biological 
Effects. 262 pp. Barking, Essex, UK: 
Applied Science Publishers. $42. 
Nicholson, William J„ & John A. Moore, 
eds. Health Effects of Halogenated 
Aromatic Hydrocarbons. Annals of the 
New York Academy of Sciences, 320. 
730 pp. NYAS. $115. 

Opdyke, D. L. J., ed. Monographs on 
Fragrance Raw Materials. 732 pp, 
Pergamon Press. $100. 

Paget, G. E. Good Laboratory Practice. 
Topics in Toxicology, 204 pp. Univer¬ 
sity Park Press, $24.50, 

Paget, G.E., & R. Thomson, eds. Stan¬ 
dard Operating Procedures in Pa¬ 
thology. 514 pp. University Park Press. 
$39.50. ■■■'.; ; 

Paget, G.E.,&R. Thomson, eds. Stan¬ 
dard Operating Procedures in Toil- 
. cology. 650 pp. University Park Press. 

: $39.50. 

Pankhurst, Richard J. Biological Identi- 
fication: The Principles and Practice 

« cation Methods in Biology, 
niversity Park Press, 1978. 
$9.95 paper. '• 

Perera, Frederica P., & A. Karim Ahmed. 
Respirable Particles: Impact of Air¬ 
borne Fine Particulates on Health and 
the Environment. 181 pp. Ballinger. 
$16.50. 

Perez-Bercoff, R., ed, The Molecular 
Biology of Picornaviruses. NATO Ad¬ 


vanced Study Institutes, Series A: Life 
Sciences, 23.371 pp, Plenum. $39.50. 

Persaud, T. V. N., ed. Advances in the 
Study ; of Birth Defects, Vol. 1: Tera¬ 
togenic Mechanisms. 240 pp. Univer¬ 
sity Park Press. $29.95. 

Petricciani, John C., Hope E. Hopps, & 
Paul J. Chappie, eds, Cell Substrates: 
Their Use in the Production of Vac¬ 
cines and Other Biologicals. Advances 
in Experimental Medicine and Biology, 
118.220 pp. Plenum. $29.50. 

Petty, Thomas L., & Reuben M. Cher- 
niack, eds. Seminars in Respiratory 
Medicine, Vol. 1, No. 1: Chronic Res¬ 
piratory Insufficiency. 98 pp. Stratton 
Intercontinental. $28 quarterly sub¬ 
scription. 

Picazo, J., ed. Glucagon in Gastroenter¬ 
ology. Proc. Workshop, Madrid, 1978. 
146 pp, University Park Press. 
$13.95. 

Pyle, Gerald F. Applied Medical Geog¬ 
raphy. Scripta Series in Geography. 
282 pp. Halsted Press. $19.95. 

Rabey, Graham. Analytic Medicine, Vol. 
1: Conventions. 75 pp, University Park 
Press. $14.95. 

Ray, William J,, et al. Evaluation of 
Clinical Biofeedback. 330 pp, Plenum. 
$25. 

Reay, P. J. Aquaculture. Studies in 
Biology, 106.60 pp. University Park 
Press. $4,95 paper. 

Reinberg, A., & F. Halberg, eds. Chrono- 
pharmacology. Proc. Satellite Symp. of 
7th Internat, Cong., Paris, 1978.429 pp, 
Pergamon Press. $50. 

Richter, Gerhard. Plant Metabolism. 
Trans. David J. Williams. 475 pp, 

. University Park Press, 1978. $22.75. 

Riemann, Hans, & Frank L, Bryan, eds. 
Food-Borne Infections and Intoxica¬ 
tions, 2nd ed. Food Science and Tech¬ 
nology, 748 pp, Academic Press. $55, 

Ritchie, Gary, A,, ed. New Agricultural 
Crops. AAAS Selected Symposia, 38. 

a , Westview Press, $18.50. 

aw, David, ed. Environmental 
Physiology 3. International Review of 
Physiology, 20,376 pp. University Park 
Press, $29,50. 

Rodriguez, J. G., ed. Recent Advances in 
Acarology, Vol. 1. Proc, 5th Internat. 
Cong,, Michigan State Univ., East 
Lansing, MI, 1978.631 pp. Academic 
Press, $35, 

Rolfe, Peter, ed. Nan-Invasive Physio¬ 
logical Measurements. Medical Phys¬ 
ics, 1.349 pp. Academic Press, £21, 
Russell, I. Steele, M. W. Van Hof, G. 
Berlucchi, eds. Structure and Function 
of Cerebral Commissures, 502 pp. 
University Park Press. $69.50. 

Sanadi, D. Rao, ed. Current Topics in 
Bioenergetics, Vol, 9.420 pp. Academic 
Press. $42. 

Savage, P./E. A. Disasters—Hospital 
Planning: A Manual far Doctors, 
Nurses and Administrators. 142 pp. 
Pergamon Press. $20 cloth, $10 
paper. 

Saylor, William L, & Thomas E, Ames. 
Dosage Calculations in Radiation 
Therapy. 69 pp. Urban & Schwarzen- 
berg. $17.50 paper. 

Scanlon, John %, et al., eds. A System of 
Newborn Physical Examination. 96 
.. pp. University Park 1 Press. $8.95 
paper, 

Schuckit, Marc A. Drug and Alcohol 


Abuse: A Clinical Guide to Diagnosis 
and Treatment. 211 pp, Plenum. 
$16.95, 

Scott, Tom K., ed. Plant Regulation and 
World Agriculture. NATO Advanced 
Study Institutes, Series A: Life Sci¬ 
ences, 22.575 pp. Plenum. $47,50. 

Shepherd, Gordon M. The. Synaptic Or¬ 
ganization of the Brain, 2nd ed, 436 pp, 
Oxford University Press. $18,95 cloth, 
$11,95 paper. 

Slavkin, Harold C, Developmental Cra¬ 
niofacial Biology. 464 pp, Lea & Fe* 
biger. $45. 

Smiddy, F. G, Tutorials in Surgery 1 . 331 
pp. University Park Press, 1977. $14,95 
paper, 

Smith, Kendric C., ed, Photochemical 
and Photobiological Reviews, Vol. 4, 
333 pp. Plenum, $35. 

Solbrig, Otto T., et al., ( eds. Topics in 
Plant Population Biology. 583 pp. 
Columbia University Press. $25. 

Stahl, Franklin W. Genetic Recombina¬ 
tion; Thinking About It in Phage and 
Fungi. 333 pp. W, H. Freeman. 
$22.50. 

Stuart, F. P., & F. W, Fitch, Immunolog¬ 
ical Tolerance and Enhancement. J 9li 
pp. University Park Press, $29,50. 

Svoboda, William B. Learning About 
Epilepsy. 240 pp. University Park 
Press. $14.95 paper, 

Swain, Tony, & George R. Waller, eds. 
Topics in the Biochemistry of Natura l 
Products. Recent Advances in Phyto¬ 
chemistry, 13, 253 pp. Plenum. 
$29.50. 

Szekely, Edgar, & Edit Farkas. Pediatric 
Bronchology. 628 pp. University Park 
Press, 1978. $65. 

Tyrer, John H., & Mervyn J, Eadie, eds. 
Clinical and Experimental Neurology. 
Proc. Australian Assoc, of Neurologists, 
15,1978,315 pp, University Park Press. 
$37.50. 

Valletutti, Peter J., & Florence Christo- 
plos, eds, Preventing Physical and 
Mental Disabilities: Multidisciplinary 
Approaches. 438 pp. University Park 
Press. $19.60, 

Wake, Marvalee H,, ed. Hyman's Com¬ 
parative Vertebrate Anatomy, 3rd ed, 
788 pp. University of Chicago Press. 
$ 22 . 

Walker-Smith, John. Diseases of the 
Small Intestine in Childhood, 2nd ed. 
412 pp. University Park Press. 
$49,50. 

Wallace, David Rains. The Dark Range: 
A Naturalist's Night Notebook , 131 
pp. Sierra Club Books. $15. 

Walter, Heinrich, Vegetation of the 
Earth and Ecological Systems of the 
Geo-Biosphere, 2nd ea. Trans. Joy 
Wieser. Heidelberg Science Library. 
274 pp. Springer-Verlag, $13,90, 

Waterhouse, Marian.' Practical Mathe¬ 
matics in Allied Health: A Textbook 
for the Medical Disciplines, 243 pp. 
Urban & Schwarzenberg. $15,95 
paper. 

Wellington, Dorothy Gaites, Eleanor J. 
Macdonald. Patricia F. Wolf, Cancer 
Mortality: Environmental and Ethnie 
Factors, 258 pp. Academic Press, $16. 

Whitcomb, R. F., & J, G, Tully. The My- 
: coplasmas, Vol. 3: Plant and Insect 
Mycoplasmas. 351 pp, Academic Press, 
$32. 

Willis, W. D„ & R, E, Coggeshall, Sensory 
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Mechanisms of the Spinal Cord. 485 
pp. Plenum. $35. 

Winick, Myron, ed. Human Nutrition; A 
Comprehensive. Treatise, Vol, 1: Nu¬ 
trition: Pre- and Postnatal Develop¬ 
ment. 496 pp. Plenum. $39.50. 

Wright, Logan, Arlene B. Schaefer, Ger¬ 
ald Solomons. Encyclopedia of Pedi¬ 
atric Psychology. 933 pp. University 
Park Press. No price given. 

Young, Daniel G., Barbara F, Weller, El¬ 
eanor J. Martin, eds. Baby Surgery, 
2nd ed. 167 pp. University Park Press. 
$16.50 paper. 

Zbinden, G., & F. Gross, eds, Pharmaco¬ 
logical Methods in Toxicology. Inter¬ 
national Encyclopedia of Pharmacol¬ 
ogy and Therapeutics, Section 102,612 
pp. Pergamon Press. $115. 


Ecology and Environment 

Butler, J„D. Air Pollution Chemistry. 408 
pp. Academic Press. $52.50, 

Cox, George W., & Michael D. Atkins, 
Agricultural Ecology: An Analysis of 

, World Food Production Systems. 721 
pp. W. H. Freeman. $25. 

Gilland, Bernard. The Next Seventy 
Years: Population, Food and Re¬ 
sources. 133 pp. Forest Grove, OR: 
ISBS. $17,95. 

Gunther, Francis A., & Jane D. Gunther. 
Residue Reviews: Residues of Pesti¬ 
cides and Other Contaminants in the 
Total Environment, Vol. 72. 154 pp. 
Springer-Verlag, $19.80, 

Innes, W. B, Effects of Nitric Oxide 
Emissions on Photochemical Smog. 
172 pp, Upland, CA: Purad. $12 
paper. 

Mauss, Evelyn A,, & John E. Ullman, eds, 
Conservation . of Energy Resources. 
Annals of the New York Academy of 
Sciences, 324,83 pp, New York Acad¬ 
emy of Sciences. $17, . 

National Research, Council, Committee 
on Medical and Biologic Effects of 
Environmental Pollutants, Ammonia. 
384 pp, University Park Press, 
822.50, 

Richardson, Ralph W., Jr., & Gilbert 
Tauber, eds. The Hudson River Basin: 
Environmental Problems and Insti¬ 
tutional Response, Vol. 1.354 pp. Vol, 
2. 401 pp. Academic Press. $19,50 
each. 

Ridley, B. K. The Physical Environment. 
Ellis Horwood Series in Environmental 
Science, 236 . pp. Halsted Press. 
$24.95, 

Sheets, T. J., and David Pimentel, eds, 
Pesticides: Contemporary Roles in 
Agriculture, Health, and the Envi¬ 
ronment. 186 pp. Clifton, N.J.: Hu¬ 
mana Press, $19.50. 

Stancyk, Stephen E., ed. Reproductive 
Ecology of Marine Invertebrates. Belle 
W. Baruch Library in Marine Science, 
9.283 pp, Uni versity of South Carolina 
Press, $27,50. 

Thorp, James H„ & J, Whitfield Gibbons, 
eds. Energy and Environmental Stress 
in Aquatic Systems. DOE Symposium 
Series, 48. 854 pp. Springfield, VA: 
Technical Information Center, U.S. 
Department of Energy, 1978. $15 
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paper. , , . » 

United States Economic: l commission lor 
Europe. Environment and Energy' l M 
pp. Pergamon Press. $15. 


Behavioral Sciences 

Aiello, John 11, & Andrew Baum. Resi¬ 
dential Crowding and Design. 252 pp. 
Plenum. No price given, 

Bower, Gordon, ed. The Psychology of 
Learning and Motivation: Advances in 
Research and Theory, Vol. 13,426 pp. 
Academic Press. $35, 

Brierly, Harry. Transvestism: A Hand¬ 
book with Case Studies for Psycholo¬ 
gists, Psychiatrists and Counsellors. 
259 pp. Pergamon Press, $13. 

Burgess, Robert L, & Ted L. Huston, eds. 
Social Exchange in Developing Rela¬ 
tionships. 422 pp. Academic Press. 
$24. 

Cairns, Robert B., ed. The Analysis of 
Social Interactions: Methods , Issues, 
and Illustrations. 243 pp. Hoisted 
Press. $16.50. 

Catania, A. Charles. Learning. 41)6 pp. 
Prentice-Hall. $15,95. 

Chagnon, Napoleon A., & William Irons, 
eds. Evolutionary Biology and Human 
Social Behavior: An Anthropological 
Perspective. 623 pp, Duxbury Press. 
No price given, 

Cohen, David B. Sleep and Dreaming: 
Origins, Nature and Functions. In¬ 
ternational Series in Experimental 
Psychology, 23. 315 pp, Pergamon 
Press. $32.50, 

Donahoe, John W., & Michael G. Weasels, 
Learning, Language, and Memory, 513 
pp. Harper & Row, 1980. $16.95. 

Duffy, Karen, el al., eds, Readings in 
Psychology 79/80. 304 pp. Pushkin. 
Paper, no price given. 

Ebihara, May^ & Rosamond Giamilsos, 
eds. Papers in Anthropology and Lin¬ 
guistics. Annals of the New York 
Academy of Sciences, 318. 114 up. 
NYAS. $19, 

Erickson, Milton R, & Ernest L. Rossi. 
Hypnotherapy: An Exploratory 
Casebook. 495 pp. Halsted Press, 
$34.50. 

Finney, Ben II Hokule’n: The Wnv to 
Tahiti. 310 pp. Dodd, Mead, $17,50. 

Givtm, Talmy, On Understanding 
Grammar. 379 pp, Academic Press, 
$24. 

Glanville, Bradley B„ et ol, eds. Readings 
in Human Development 79/80. 304 pp. 
Duahkin, Paper, no price given, 

Gottman, John Mordechai, Marital In¬ 
teraction: Experimental Investiga¬ 
tions. 31.5 pp, Academic Press. No price 
given, 

Grant, Marcus, & Paul (! winner, eds, Al¬ 
coholism in Perspective, 173 pp. Uni¬ 
versity 1M Pr» $14,50. 

Grin spoon, Lester, & James R, Bakalar. 
Psychedelic Drugs Reconsidered, 343 
pp. Basic Books. $15,95. 

Harlow, Harry P„ & Clara Mears. The 
Human Model: Primate Perspectives. 
312 pp, Halsted Press. $19.95. 

Heim Michel, Richard M. Eisler, Peter 
M. Miller, eds, Progress in Behavior 
Modification, Vol, 8,326 pp. Academic 


f Press. $29.50. 

Kelly, James (}., ed. Adolescent Hoy 
High School: A Psychological Study 
( oping and Adaptation. 2G7 r 

Halsted Press. $16.50. 

Kendall, Philip C., & Steven D. Hoi!: 
eds. Cugnitwe-Behavioml Intern 
lions: Theory, Research, and Ur< 
dures. Personality and Psychopath 
ogv, 21.481 pp. Academic Press, it 

Kolers, Paul A., Merald E. Wrol-t 
Herman Houma. Processing of Vis! 
Language, Vol. 1. 587 pp, Vim 
$39.51). 

Lass, Norman J„ ed. Speech and h 
gunge: Advances in Basic Research s 
Practice, Vol. 1.369 pp. $24. Vol. 2. 
pp. $27.50. Academic Press. 

Leonhard, Karl. The Classification 
Endogenous Psychoses, 5th ed. Tie; 
Russell Herman. 452 pp. Halsted IV 
$24.50. 

McC'tirdnok, Pamela. Machines 11 
Think: A Personal Inquiry inlog 
History and Prospects of Artifk 
Intelligence. 375 pp, W. H. Kmmii 
$14.95. 

McKee, Judy Spitler, et al, eds. It cock 
in Early Childhood Education 79: 
273 pp. Duahkin. Paper, no p 
given. 

McNeill, David. The Conceptual Him 
Language, 306 pp, Halsted Pe 
$19.95. 

Maher, Brendan, ed, Progress in Exp. 
imental Personality Research, VU 
287 pp. Academic Press. $26. 

Meier, John H., & Paula J. Malone. I 
eilitating Children's Development 
Systematic Guide for Open Loam 
Vol. I; Infant and Toddler I,rum 
Episodes. 332 pp. $17.95. Vol. ; 
Learning Episodes for Older h 
seltnolers. 307 pp. $19.50. IJniver* 
Park Press, 

Meisels, Samuel J., ed. Special Edimitl 
and Development: Perspectives 
Young Children with Special Nee. 
324 pp. University Park IT 
$14.95. 

Miles, H. IL Some Factors Affecting; 
Uiinmmi at 18+: A Study of Exiv 
nation Performance in British St h 
137 pp. Pergamon Press, $17.50. 

Mitchell, G. Behavioral Sex Diffrm 
in Nmihuman Primates. 515 pp, V; 
Nostrum! Ueinhold. $27,50. 

Murray, Frank B,, ed. The Impart up 
ugclian Theory: On Education , i 
Itisnphy, Psychiatry, and Psyrlwk 
232 pp. University Park 
$14.95. 

Nietzel, Michael T. Crime and Its Aid 
ficatim: A Social Learning l Wap 
live, 301 pp. Pergamon Press. $27 
cloth, $9,75 paper. 

Norlmck, Judith, ed. The Mental fled 
Yearbook/Directory 1979 8(1 781: 
Van Nostrand Reinhold. $39.50. 

Parrino, John J. From Panic to /% 
The Positive Use of Stress. U59 1 
Wiley. $12.95, 

Paturi, Felix R. Prehistoric Hrrilc 
Trans, Tania & Bernard Alexatul 
pp. Scribner’s. $14.95. 

Pick, Anne 1)., ed. Percept ion a ml 
Development: A Tribute In Elrano: 
Gibson. 258 pp. Halsted Press, $Jk 

Pliner, Patricia, Kirk R. Uiankstein, In 
M, Spigel. Advances in the Study 
Communication and Affect, Vd 


Perception of Emotion in Self and 
Others. 204 pp. Plenum. $24.50. 

Prahl-Andersen, Birte, Charles Kowalski, 
Paul H. J. M. Heydendael. A Mixed- 
Longitudinal Interdisciplinary Study 
of Growth and Development. Ill pp. 
Academic Press. $42. 

Prentky, R. A., ed. The Biological Aspects 
of Normal Personality. 392 pp. Uni¬ 
versity Park Press. $24.50. 

Rodewald, H. Keith. Stimulus Control of 
Behavior. 162 pp. University Park 
Press. $11.95 paper. 

Schaefer, Charles E. Childhood Encop- 
resis and Enuresis: Causes and Ther¬ 
apy. 175 pp. Van Nostrand Reinhold. 
$13.95. 

Schevitz, Jeffrey M. The Weaponsmak- 
ers: Personal and Professional Crisis 
During the Vietnam War. 191 pp. 
Schenkman. $14.95 cloth, $7.95 
paper. 

Schiefelbusch, Richard L., & John H. 
Hollis, eds. Language Intervention 
from Ape to Child. Language Inter¬ 
vention, 3. 535.pp. University Park 
Press. $19.95. 

Schiffer, Michael B., ed. Advances in 
Archaeological Method and Theory. 
340 pp. Academic Press. $26. 

Singleton, W. T. The Study of Real Skills, 
Vol. 2: Compliance and Excellence, 327 
pp. University Park Press. $27.50, 

Sjoaen, Per-Olow, Sandra Bates, William 
S. Dockens III, eds. Trends in Behavior 
Therapy. 403 pp. Academic Press. 
$24.50. 

Spiess, Arthur E. Reindeer and Caribou 
Hunters: An Archaeological Study, 
Studies in Archaeology. 312 pp, Aca¬ 
demic Press. $25. 

Sternberg, Robert J„ & Douglas K. Det- 
terman, eds. Human Intelligence: 
Perspectives on Its Theory and Mea¬ 
surement. 275 pp. Norwood, NJ: Ablex. 
$19.50 inst, $14.95 indiv, 

Sulloway, Frank J. Freud, Biologist of the 
Mind: Beyond the Psychoanalytic 
Legend, 612 pp. Basic Books. $20. 

Thomas, David Hurst, et. al. The An¬ 
thropology of St. Catherine's Island, 
Vol. 1: Natural and Cultural History. 
Anthropological Papers, 55, Part 2.248 
pp. New. York: American Museum of 
Natural History, 1978. $6.30 paper. 

Thomas, David Hurst, & Clark Spencer 
Larsen. The Anthropology of St: 
Catherine’s Island, Vol 2: The Ref- 
uge-Deptford Mortuary Complex. 
Anthropological Papers, 56, Part 1.179 
pp. New York: American Museum of 
Natural History. $12,80 paper. 

Thompson, Travis, & Peter B, Dews, eds. 
Advances in Behavioral Pharmacolo¬ 
gy, Vol, 2. 263 pp. Academic Press, 
$23.50. 

Trites, Ronald L, ed. Hyperactivity in 
Children: Etiology, Measurement, and 
Treatment Implications. 241 pp. 
University Park Press, $19.50. 

Uttley, A. M. Information Transmission 
in the Nervous System, 111 pp. Aca¬ 
demic Press. $15.60. 

Van Keep, P. A., D. M. Serr, R. B, 
Greenblatt, eds, Female ana Male 
Climacteric: Current Opinion 1978. 
£nd Internat. Cong., Jerusalem, 1978. 
146 pp. University Park Press. 
$14.95. 

Walk, Richard D., & Herbert L. Pick, Jr., 
eds. Perception and Perceptual De¬ 


velopment, Vol, 1: Perception and 
Experience. 432 pp, Plenum. $25. 
Yando, Regina, Victoria Seitz, Edward 
Zigler. Intellectual and Personality 
Characteristics of Children: Social- 
Class and Ethnic-Group Differences. 
136 pp, Halsted Press. $12,95. 


Mathematics and 
Computer Science 

Berman, Abraham, & Robert J. Plem- 
mons. Nonnegative Matrices in the 
Mathematical Sciences. Computer 
Science and Applied Mathematics, 316 
pp. Academic Press. $32. 

Bharucha-Reld, A. T., ed. Probabilistic 
Analysis and Related Topics, Vol. 2. 
207 pp. Academic Press. $26,50, 

DeRossi, Claude. Learning BASIC Fast, 
rev, ed. 211 pp, Reston, $9,95 paper, 

Dertouzos, Michael L., & Joel Moses, eds. 
The Computer Age: A Twenty-Year 
View. M.LT. Bicentennial Series, 6.491 
pp. M.I.T. Press, $25, 

Evans, Stanley J. Microprogramming 
Techniques with Sample Programs. 
229 pp, Reston. $13.95. 

Gewirtz, Allan, & Louis V. Quintas, eds. 
Second International Conference on 
Combinatorial Mathematics. Annals, 
of the New York Academy of Sciences, 
319.602 pp. NYAS. $110,. 

Glass, Robert L, Software Reliability 
Guidebook. 242 pp, Prentice-Hall. 
$18.95. 

Harary, Frank, ed. Topics in Graph 
Theory. Annals of the New York 
Academy of Sciences 328. 208 pp. 
NYAS. $40 paper. 

Hume, J. N, P, & R. C. Holt. Pro¬ 
gramming fortran 77: A Structured 
Approach. 340 pp. Reston. $10.95 
paper, 

Klambauer, Gabriel. Problems and 
Propositions in. Analysis. Lecture 
Notes in Pure and Applied Mathe¬ 
matics, 49, 456 pp, Marcel Dekker, 
$24,50 paper, 

Knopfmacher, John, Analytic Arithmetic 
of Algebraic Function Fields. Lecture 
Notes in Pure and Applied Mathe¬ 
matics, 50. 130 pp. Marcel Dekker. 
$16.50 paper. 

Launer, Robert L., & Graham N. Wilk¬ 
inson, eds. Robustness in: Statistics, 
Proc. Workshop, U.S, Army Research 
Office,-Research Triangle Park, NC, 
1978.296 pp, Academic Press. $18.50, 

Ledin, George, Jr., & Victor Ledin. The 
Programmer’s Book of Rules. 248 pp,. 
Belmont, CA: Lifetime Learning Pub¬ 
lications, $7.95 paper. 

Lewis, Harry R. Unsaleable Classes of 
Quantificational Formulas. 198 pp, 
Addison-Wesley. $13.50 paper, 

Long, Larry E, Data Processing Docu¬ 
mentation and Procedures Manual: 
239 pp, Reston. $19.95. /. 

McGlynn, Daniel R. Personal Comput¬ 
ing: Home, Professional and Small 
Business Applications. 263 pp, Wiley. 
$9,95 paper. ■' 

Meyer, Paul, ed, Papers in Mathematics, 
Annals of the New York Academy of 
Sciences, 321.101pp. NYAS. $20. 


Rotman, Joseph J. An Introduction tu 
Homological Algebra. Pure and Ap 
plied Mathematics. 376 pp, Academic 
Press. $26.50. 

Simon, Barry. Functional Integration 
and Quantum Physics, Pure and Ap 
plied Mathematics. 296 pp. Academic 
Press. $29.50. 

Syski, R. Random Processes: A First 
Look. Statistics: Textbooks and 
Monographs, 29,290 pp. Marcel Dek 
leer. $14.50 paper. 

Tocci, Ronald J., & Lester P, Laskowskl, 
Microprocessors and Microcomputers: 
Hardware and Software, 323 pp, 
Prentice-Hall. $16.50. 

Yourdon, Edward, Learning to Program 
in Structured COBOL, Parts 1 & 2.478 
pp. Prentice-Hall. $15,95. 


Engineering and Applied 
Sciences 

Agajanian, A. H., ed. Microelectronic 
Packaging: A Bibliography. 243 pp. 
Plenum. $75. 

Angus, Si, K. M. de Reuck, B, Armstrong, 
eds. International Thermodynamic 
Tables of the Fluid State, Vol. 6: Ni¬ 
trogen. IUPAG Chemical Data Series, 
20.244 pp. Pergamon Press, $60. 

Baden Fuller, A. J. Microwaves: An in¬ 
troduction to Microwave Theory and 
Techniques, 2nd. ed. Applied Elec¬ 
tricity and Electronics. 326 pp. Perga - 
mon Press, $30 cloth, $13 paper, 

Banks, R, E., ed, Organofluorine Chemi¬ 
cals and Their Industrial Applica¬ 
tions. Ellis Horwood Series in Indus¬ 
trial Chemistry, 255 pp, Halsted Press. 
$49.95. 

Barenblatt, G. I. Similarity, Self-Simi¬ 
larity,andlntermediate Asymptotics, 
Trans. Norman Stein, Trans, ed, Mil ¬ 
ton Van Dyke, 218 pp. Plenum, $35. 

Barrer, R. M, Zeolites and Clay Minerals 
as Sorbents and Molecular Sieves. 497 
pp, Academic Press. $52.50, 

Bendow, Bernard, & Shashanka S. Mitel. 
Fiber Optics: Advances in Research 
and Development. 693 pp. Plenum, 
$59.50. 

Benson, Rowland S., & N, D. Whitehoune. 
Internal Combustion Engines , Ther ¬ 
modynamics and Fluid Mechanics Se¬ 
ries. 430 pp. Pergamon Press. $50. 

Billett, Michael. Industrial Lubrication; 
A Practical Handbook for Lubrication 
arid Production Engineers, 136, pp. 
Pergamon Press, $20. 

Blevins, Robert D. Formulas for Natural 
Frequency and Mode Shape. 492 pp. 
Van Nostrand Reinhold. $29,95, 

Browne, B. T,, & J. J, H. Miller, eds. Nu¬ 
merical Analysis of Semiconductor 
Devices, Proc, NASECODE I Coni'., 
Trinity College,,Dublin, 1979. 303 pp, 
Dublin: Boole Press, No Price given, 

Buck, Otto, John K. Tien, Harris L. 
Marcus, eds .Electron and Positron 
Spectroscopies in Materials Science 
and Engineering. Materials Science 
and Technology, Series, 340 pp, Aca¬ 
demic Press. $36. 

Chalmers, Bruce, J. W, Christian, T, 11 
Massalski, eds. Progress in Material 
Science, Vol, 22, International Series* 
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on Materials Science and Technology. 
279 pp. Pergamon Press. $75. 

Charney, Elliot. The Molecular Basis of 
Optical Activity: Optical Rotatory 
Dispersion and Circular Dichroism. 
364 pp. Wiley. $27.50. 

Davison, Sydney G. Progress in Surface 
Science, Vol. 8. 285 pp. Pergamon 
Press. £40. 

Degremont. Water Treatment Hand - 
book, 5th ed. 1186 pp. Halsted Press. 
$69.50. _ 

Dobbins, Richard A. Atmospheric Motion 
and Air Pollution: An Introduction for 
Students of Engineering and Science. 
Environmental Science and Technol¬ 
ogy. 323 pp. Wiley-Interscience. 
$25.95. 

Dodd, George G., & Lothar Rossol, eds. 
Computer Vision and Sensor-Based 
Robots. Proc. Symp._, General Motors 
Research Laboratories, Warren, MI, 
1978.353 pp. Plenum. $39.50. 

Easterling, K. E,, ed. Mechanisms of De¬ 
formation and Fracture. Proc. Conf,, 
Univ, of Lulea, Sweden, 1978. 422 pp. 
Pergamon Press. $65. 

El-Hawary, M, E., & G. S. Christensen, 
Mathematics in Science and Engi¬ 
neering, Vol. 142: Optimal Economic 
Operation of Electric Power Systems. 
278 pp, Academic Press, $32.50, 

Franks, Felix, ed. Water: A Comprehen¬ 
sive Treatise, Vol. 6: Recent Advances. 
455 pp. Plenum. $45. 

Frechette, V, D„ L, D, Pye,.D, E. Rase eds. 
Quality Assurance in Ceramic Indus¬ 
tries. 266 pp. Plenum, $39.50, 

Harbold, Harry S, Sanitary Engineering: 
Problems and Calculations for the 
Professional Engineer. 292 pp. Ann 
Arbor Science. $14,95. 

Heap, R. D. Heat Pumps. 155 pp. Halsted 
Press. $9.95. 

Kakag, S., & D, B. Spalding, eds. Turbu¬ 
lent Forced Convection in Channels 
and Bundles; Theory and Applications 

' to Heat Exchangers and Nuclear Re¬ 
actors, Vols. 1 &-2. Advanced Study 
Institute Books. 1132 pp. McGraw-Hill, 
$80.00 set. 

Loehr, Raymond C„ et al. Land Appli¬ 
cation of Wastes, Vol. 1.308 pp. $19.95. 
Vol. 2.431 pp. $22.50. Environmental 
Engineering Series, Van Nostrand 
Reinhold. 

Lukasiewicz, Stanislaw. Local Loads in 
Plates and Shells. Mechanics of Sur¬ 
face Structures, 4.569 pp. Sijthoff & 
Noordhoff. $85. 

McCarthy, Gregory J., ed. Scientific Basis 
for Nuclear Waste Management, Vol. 

1.563 pp. Plenum, $49.50, 

Mittal, K. L,, ed. Solution Chemistry of 
Surfactants, Vols. 1 & 2,961 pp. Ple¬ 
num. $37.50 each. 

O'Connor, Maeve, & F. Peter Woodford, 
Writing Scientific Papers in English , 
An ELSE-Ciba Foundation Guide for 
Authors. 108 pp. University Park Press, 
$5,95 paper. 

Patton, William J. Kinematics. 259 pp, 
Reston. $14.95. 

Preece, Carolyn M,, ed. Treatise on Ma¬ 
terials Science and Technology, Vd. 
16: Erosion. 450 pp,. Academic Press, 

. $49. 

Savage, G. J., & P. H. Roe. Large Systems 
Engineering 2. Proc. 2nd Internal. 
Symp. 578 pp. Pergamon Press, 1978. 
$80. 
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Sayigh, A. A. M. Solar Energy Applica¬ 
tion in Buildings. 444 pp. Academic 
Press, $42. 

Shannon, Robert R., & James C. Wyant, 
eds. Applied Optics and Optical En¬ 
gineering, Vol. 7.344 pp. Academic 
Press. $36. 

Sheperd, W,, & P. Zand. Energy Flow and 
Power Factor in Nonsinusoidal Cir¬ 
cuits. 284 pp. Cambridge University 
Press. $49.50. 

Sih, G. C., & V. P. Tamuzs, eds, Fracture 
of Composite Materials, Proc. 1st 
USA-USSR Symp., Riga, 1978.413 pp. 
Sijthoff & Noordhoff. 

Skitt, John. Waste Disposal Manage¬ 
ment and Practice. 216 pp. Halsted 
Press. $59.95. 

Sohn, Hong Yong, & Milton E. Wads¬ 
worth, eds. Rate Processes of Extrac¬ 
tive Metallurgy. 472 pp. Plenum. 
$42.50. 

Van Stralen, Sjoerd, & Robert Cole. 
Boiling Phenomena, Vols. 1 & 2. 945 
pp. Hemisphere. $85 set. 

Wang, C.-C. Mathematical Principles of 
Mechanics and Electromagnetism, 
Part A: Analytical and Continuum 
Mechanics, 198 pp. Part B: Electro¬ 
magnetism and Gravitation. 386 pp. 
Mathematical Concepts and Methods 
in Science and Engineering. Plenum. 
$27.50 each. 

Wardlev-Smith, J,, ed, The Prevention of 
Oil Pollution. 309 pp, Halsted Press. 
$39.95. 

Willardson, R. K,, & Albert C. Beer, La¬ 
sers, Junctions, Transport, Semicon¬ 
ductors and Semimetals, 14. 334 pp. 
Academic Press. $32. 


History and Philosophy of 
Science 


Allard, Dean Conrad, Jr. Spencer Ful¬ 
lerton Baird and the U. S. Fish Com¬ 
mission: A Study in the History of 
American Science, Biologists and 
Their World. 424 pp. Arno Press, 1978. 
$25. 

Asquith, Peter D., & Henry E. Kyburg, 
Jr., eds. Current Research in Philoso¬ 
phy of Science, Proc. Conf., Reston, 
VA, 1977. East Lansing, MI; Philoso¬ 
phy of Science Association. $12.50 
cloth, $10.50 paper, 

Bannister, Robert C. Social Darwinism, 
292 pp, Temple University Press, 
$17.50. 

Briscoe, Anne M,, & Sheila M. Pfafflin, 
eds. Expanding the Role of Women in 
the Sciences. Annals of the New York 
Academy of Sciences, 323, 344 pp. 
NY AS, $45. 

Brown, Sanborn C. Benjamin Thompson, 
Count Rumford. 361 pp. M.I.T. Press. 
$19.95. 

Debever, Robert, ed. Elie Cartan-Albert 
Einstein: Letters on Absolute Paral- 

■ lelism, 1929-1932. Trans. J. Leroy & J. 
Ritter, 233 pp, Princeton University; 
Press $20 

Eagles, i. A., U. F. Pye, C. M. Taylor. 
Mary Swartz Rose, 1874-1941: Pioneer 
in Nutrition. 172 pp. New York: 
Teachers College Press. $9.95. 


Eyler, John M. Victorian Social M: 
cine: The Ideas and Methods oft 
Ham Farr. 262 pp. Johns HqiL 
University Press. $19.50. 

Fleck, Ludwik. Genesis and Developr, 
of a Scientific Fad. Thaddeus J.Tr 
& Robert K. Merton, eds. Trans, h 
Bradley & Thaddeus J, Trenn.2ft'f 
University of Chicago Press. $171 
Garan, D. G. Against Ourselves: Ri¬ 
ders from Improvements under 
Organic Limitedness of Man. 31k 
Philosophical Library. $9.75. 
Gillespie, Neal C. Charles Darwin tint 
Problem of Creation, 201 pp, Uisi ; . 
sity of Chicago Press. $16.50. 

Harris, Henry, ed. Scientific Mmlehc 
Man. The Herbert Spencer Lock 
1976.102 pp. Oxford University Pr 
$17.95. 

Hawking, S. W., & W. Israel, eds. (It* 
Relativity: An Einstein Center/ 
Survey. 919 pp. Cambridge Unite? 
Press. $74.50. 

Holton, Gerald, & Robert S. Morisoit - 
Limits of Scientific Inquiry, 254 pp 
W. Norton. $15 cloth, $3.95 paper 
Kutzbach, Gisela. The Thermal Th- 
of Cyclones: A History of Meteor, . 
ical Thought in the Nineteenth < 
tury. Historical Monograph Series. .. 
pp. Boston: American MeteomRf- 
Society. $30. 

Leinwoll, Stanley. From Spark to %: 
lite: A History of Radio Commuri 
tion. 242 pp. Scribner’s. $14.95. 
McCormmach, Russell, Lewis Pyera 
Roy Steven Turner, eds. Histm 
Studies in the Physical Sciences, \ 
10.334 pp. Johns Hopkins Univeft 
Press. $24.95. 

Medawar, Sir Peter B. Advice to a V® 
Scientist. Alfred P. Sloan Foundai J 
Program, 2. 109 pp. Harper & ft 
$8.95. 

Moraze, Charles, ed. Science and ‘ 
Factors of Inequality: Lessons uf f 
Past and Hopes for the Future. 273? 
UNIPUB. $13 paper. 

Nachmansohn, David. German-,less. 
Pioneers in Science 1900-1981 38$; 
Springer-Verlag. $29.80. 

Patterson, Elizabeth C. Mary Sontem 
1780-1872. 44 pp. Oxford: Somem 
College. $2.50. 

Ruse, Michael. The Darwinian Rem. 
tion: Science Red in Tooth and ('k 
320 pp. University of Chicago P# 
$ 20 . 

Rush, Benjamin. My Dearest Julia: f 
Love Letters of Dr. Benjamin Rmk 
Julia Stockton. 62 pp. Neale WaU 
$14.95. 

Schneer, Cecil -I., ed. Two Hundred Y» 
of Geology in America, Proc. U«: 
Univ. of New Hampshire, 1975.385; 
University Press of New Engl* 
$ 20 . 

Schwartz, Joseph. Einstein for Ikghm 
173 pp. Pantheon Books. $2.95 paj* 
Smithers, David Waldron. Diekm 
Doctors. Ill pp. Pergamon Pr 
$15. 

Taylor, Gordon Rattray. The Nate 
History of the Mind. 370 pp. Dutfe 
$14.95. 

Wadland, John Henry, Ernest Thump? 
Seton: Man in Nature and the f 
gressive Era 1880-1915. Biologists*:; 
Their World. 528 pp. Arno Press, if. 
$32. 


Sigma Xi National 
Lecturers 1980-81 

For the 43rd successive year, Sigma Xi 
has assembled its College of National 
Lecturers, in order to give chapters and 
clubs the opportunity to hear nationally 
known scientists discuss particularly live¬ 
ly areas, of current research in a manner 
suitable for interdisciplinary audiences. 

The outstanding scientists listed here 
have agreed to make themselves avail¬ 
able to speak to any Sigma Xi group In¬ 
sofar as their commitments permit. They 
will serve from July 1980 through June 
1981 and have consented, in support of 
the Society's objectives, to limit their 
honoraria to a minimal $150 per lecture, 
together with full payment of travel costs 
and subsistence (provided either through 
hospitality or reimbursement). 

Invitations should be sent directly to the 


lecturer, and all arrangements about 
dates, travel, and hospitality should be 
worked out with the individual lecturer. 
Two important points: once these ar¬ 
rangements are firm, it is important to in¬ 
form the chairman of the Committee on 
Lectureships of them; and following the 
visit, the lecturer should promptly be 
given the honorarium and reimbursement 
for out-of-pocket expenses. 

The Society has instituted a modest pro¬ 
gram of subsidies for chapters and clubs 
in need of assistance in financing the 
visit of a National Lecturer. In awarding 
these funds the Committee on Lecture¬ 
ships gives priority to chapters and clubs 
that, because of their small size or re¬ 
mote location, might have difficulty in at¬ 
tracting an outstanding scientist to visit 
them and that have shown initiative in ob¬ 
taining local resources to partially sup¬ 
port the cost of a National Lecturer’s 
visit. Applications to cover visits during 
the 1980-81 academic year will be due 


in the Office of the Committee on Lec¬ 
tureships by 1 May 1980, In January an 
application form was sent to the presi¬ 
dent of each chapter and club. It must be 
emphasized that this is an application for 
subsidy only; invitations and all arrange¬ 
ments are to be worked out between the 
chapter or club and lecturer directly, 

To assist chapter and club officers in 
planning their programs, we have asked 
this year's lecturers to designate the ap¬ 
propriateness of their lectures for differ¬ 
ent types of audiences, as follows: 

S Sigma XI audience of scientists from a 
broad range of disciplines 

G General audience including high school 
science students and/or nonscientist 
guests 

N Specialized audience representing dis¬ 
ciplines close to that of lecturer 

John W. Prados, Chairman 
Committee on Lectureships 



William E. Benson 

Division of Earth Sciences 

National Science Foundation 

Washington, DC 20550 

The Deep Sea Drilling Project 
(S,G) 

Deep Sea Drilling and Plate 
Tectonics (S) 

Now chief scientist of the NSF Division of 

Earth Sciences, Dr, Benson was educated at 
Yale (Ph.D. 1952) and has worked In both 
private industry and government for almost 40 
years as a geologist and an administrator of 
scientific programs, At NSF he was 
Instrumental in starting both the Mohole and 
Deep Sea Drilling Projects, He has served on 
advisory committees of the federal 
government and NAS-NFIC, including the 
Committee on Underground Disposal of 

Nuclear Wastes. Dr, Benson,Is a Fellow of the 
Geological Society of America, the American 
Geophysical Union, and AAAS. 

'/I 

! 

Patrick Billingsley 

Department of Statistics 

The University of Chicago 

5734 University Avenue 

Chicago, IL 60637 

Connections between Number 
Theory and Brownian Motion (S) 
Connections between Optimal 
Gambling and Differentiation of 
Functions (S) 

A graduate of the U, S. Naval Academy and 
Princeton (Ph.D. 1952), Dr. Billingsley served 
for nine years in the navy. Since 1958 he has 
been a faculty member at the University of 
Chicago, where he is Professor of Statistics 
and Mathematics. Dr, Billingsley has been a 
member of the Council of the Institute of 
Mathematical Statistics, a member-at-large of 
the National Research Council in the Division 
of Mathematical Sciences, and editor of the 
Annals of Probability. He is a past recipient of 
the Lester R, Ford award of the Mathematical 
Association of America, He is also a 
professional actor and has played in stage, 

Unavailable: summer 1981. 


film, and television productions, 

Wl ' 

* ffrv 

• 

li 

Peter W. Bretsky 

Department of Earth and Space Sciences 

State University of New York 

Stony Brook, NY 11794 

Mapping the Benthic Marine Bi¬ 
ota of Paleozoic Epeiric Seas (N) 
Evidence in the Fossil Record for 
Evolutionary Equilibrium (N) 

How Useful Are Ecological 

1 Theories in Solving 

Paleontological Problems? (S) 

Dr. Bretsky is Associate Professor of Earth 
and Space Sciences at the State University of 
New York at Stony Brook. He previously 
served on the faculties of Northwestern and 
Southern Methodist universities and was a 
visiting professor at the University of 
Copenhagen. He holds degrees from 

Lafayette College, Southern Methodist 
University, and Yale (Ph.D.). Dr. Bretsky's 
research awards include support from NSF, 
the Danish Natural Science Research 

Council, the SUNY Research Foundation, the 
Geological Society of America, and Sigma Xi. 


1980 January-February IP 





Unavailable: 1 Doc. 1980-1 Feb, 1981,1 June-15 Sept. 
1980 and 1981. Preferred days: Thursday and Friday. 


Mario Bunge 

McGill University 
3479 Peel St. 

Montreal, Quebec 
Canada H3A 1W7 

A World of Systems (S) 

The Mind-Body Problem (S) 
How Best to Attain Unity: 
Through Reduction or 
Integration? (S) 


Born in Uunnoji Aires and educated as a 

IheorolKiCl physicist, Dr. Bunge has held 
faculty portions both In physics and 
philosophy at universities in Argentina, 
fcurope. unrt the United States. Since 19661* 
has boon Professor of Philosophy at McGill' 
University. Dr. Bunge has authored over 301) 
publications in physics, philosophy, social* 
etc. His principal books include Causality, ' 
(I9f»9), Smntlfic Research ( 1967 ), 
Foundations of Physics (1967), Sense ami 
Menaced 974), Interpretation and Truth 
(1974). Tim Furniture of the World (1977), A 
World of Systems (1979). and TheMInd-Bot, 
Problem (forthcoming). 



William S. Fyfe 

Department of Geology 
University of Western Ontario 
London, Ontario 
Canada N6A 5B7 

Formation of the Earth’s Crust 
(G,S) 

Sea Water-Basalt Interaction 
(N,S) 

Earth Resources (6) 


A unlive of Now Zealand, Dr. Fyfe was 
educated at the University of Otago (Ph.D, 
1952) and has hold faculty positions al the 
University of Californfa—Berkeley and Impeo 
College Manchester, where he was Royal 
Society Professor of Geochemistry. Current! 
he Is chairman of the Department of Geolo$ 
St the University of Western Ontario. Ha has 
hew a Guggenheim Fellowship (1964) and* 
Fellow of the Royal Society (U.K.), a membe 
of (he Academy of Sciences of Brazil, 
Honorary Fellow of the Geological Society* 
America, and Life Fellow of the Mineral 
Society of America. Dr. Fyfe's publications 
Include over 200 papers and 5 books. 



Dr Mandelbrot, with IBM Research since 
1958 and an IBM Fellow since 1974, has 
contributed to diverse fields but Is best kno* 
for his studios of extremely irregular 
fluctuations and shapes—and notably for his 
theory of fractals. He graduated from the 
Ecole Polytechnique in Paris and holds the 
Ph D. in mathematics from the University ol 
Paris. John von Neumann sponsored him toi 
yew a! the Institute for Advanced Study in 
Princeton, He has taught at Harvard 
(Economics and Applied Physics), Yale, and 
MIT and lectured at the College de France. 
During 1979 SO Dr, Mandelbrot Is Visiting 
Professor of Mathematics at Harvard. 


Unavailable: July 1980. 


Robert Wellesley Mann 

Massachusetts Institute of Technology 
77 Massachusetts Ave,, Room 3-144 
Cambridge, MA 02139 

An Engineer In Human 
Rehabilitation (G) 

The Biomechanics of Human 
Movement (S) 

Cybernetic Limb and Sensory 
Prostheses (S) 


Dr. Mann Is Whitaker Professor of Biomodiw 
Engineering at MIT, where his current 
research and teaching are oriented toward St 
rehabilitation of amputees and the blind, wi 
additional studies In the areas of 
biomechanics and degenerative arthritis and 
skeletal joinis. Among Dr. Mann's many 
honors are the IR-100 Award for Innovative ; ; 
Design, the United Cerebral Palsy Goldanson 
Award for Outstanding Technological 
Research for the Handicapped, and election 
lo both the National Academy of Engineering 
and the Institute of Medicine of NAS. He is 
also a Fellow of the American Academy of 
Arts and Sciences. 


Benoit B. Mandelbrot 


(before 1 July 1980) 

Department of Mathematics 
Harvard University 
10xford Street 
Cambridge, MA 02138 
(after 1 July 1980) 

Thomas J. Watson Research Center, IBM 
P. O, Box 218 

Yorktown, Heights, NY 10598 


Taming of the Mathematical 
Monsters (G) 

Fractals and the Geometry of 
Irregular Shapes (S) 

Fractals and Physics/ 
Geophysics/Astronomy (N) 
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Maurice J. Cotter 

Department of Physics 
Queens College of the City University 
of New York 
Flushing, NY 11367 

Neutron Activation Analysis of 
Paintings, Illuminated 
Manuscripts, and Documents (S) 


Dr. Cotter is Professor of Physics at Queens 
College of the City University of New York. A 
native New Yorker, he was educated at 
Fordham University (Ph.D. 1962) and serves 
on the research staff at Brookhaven National 
Laboratory, as Guest Scientist in the Physics 
Department of the State University of New 
York at Stony Brook, and as a consultant for 
several museums. Dr. Cotter has received 
widespread recognition for his research on 
neutron activation analysis of paintings and 
his use of this technique to detect forgeries, 
identify artists and periods, and elucidate 
other facts about a painting's history, 



Frank Kreith 

Solar Energy Research Institute 
1536 Cole Boulevard 
Golden, CO 80401 

Industrial Application of Solar 
Energy (S) 

Solar Energy: Promise and 
Reality (G) 

Thermal Performance of Solar 
Systems (N) 


Dr. Kreith currently serves as chief of the 
Thermal Conversion Branch, Solar Energy 
Research Institute, while on leave from his 
position as Professor of Engineering at the 
University of Colorado. He holds degrees in 
mechanical engineering from the University of 
California-Berkeiey and a doctorate from the 
University of Paris. He was a research 
engineer at the Jet Propulsion Laboratory at 
California Institute of Technology and a 
Guggenheim Fellow at Princeton; he has 
served on the faculties of the University of 
California-Berkeiey, and Lehigh University, 

Dr. Kreith has also held Fulbright and NATO 
Senior Fellowships. 



Unavailable: 1 July-30 Sept. 1980. 



Unavailable: July-Aug. 1980,20 Dec, 1980-21 Jan. 1981. 


Peter Mazur 

Biology Division 

Oak Ridge National Laboratory 

P.O. BoxY 

Oak Ridge, TN 37830 

Stopping Biological Time: The 
Biological, Medical, and 
Agricultural Implications of 
Frozen Living Cells (G,$) 

Fundamental Cryobiology and Its 
Applications to Biology, 

Medicine, and Agriculture ($,N) 
The Cell Biology and Physical 
Chemistry of the Freezing of 
Living Cells (N) 


Frederick Meins, Jr, 

Department of Botany 
University of Illinois 
Urbana, IL61801 

The Experimental Reversal of 
Cancer: Contributions from 
Studies of Plants (S) 

Abnormal Growth and Cancer in 
Plants (S) 

Prospects of Cloning and Genetic 
Engineering for Improving 
Economically Important Plants 
(G) 


A New York City native, Dr, Mazur was 
educated at Harvard (Ph.D. 1953) and 
conducted postdoctoral research at Princeton. 
Since 1959 he has been a member of the 
Biology Division at Oak Ridge National 
Laboratory, where he is currently a senior 
research staff member and Professor In the 
University of Tennessee-Oak Ridge Graduate 
School of Biomedical Sciences. Dr, Mazur is 
a Fellow of AAAS and has served as 
president of the Society for Cryobiology. He 
has served on advisory committees to the 
Office of Naval Research, NASA, Harvard 
University, and NAS, and is on the editorial 
board of Cryobiology. 


A native of New York City, Dr. Meins was 
educated at the University of Chicago and at 
Rockefeller University (Ph.D. 1969). He has 
served on the faculties of Princeton and the 
University of Illinois, where he is Associate 
Professor of Botany and of Genetics and 
Development, and chairman of the Cell 
Biology Graduate Program. His major 
research interest is how cell differentiation Is 
stabilized and, in some cases, inherited by 
normal and tumorous cells. He Is approaching 
this problem at both the cellular and 
molecular levels with cultured plant cells as 
an experimental system. 


1980 January'February 1U* 







Arthur A. Myrberg, Jr. 

School of Marine and Atmospheric Science 
University of Miami 
4600 Rickenbacker Causeway 
Miami, FL 33149 

The Sensory Worlds of Sharks: 
Traditional Views Collide with 
New Facts (S) 

The Coral Reef: Order and 
Precision Amid Apparent Chaos 
(S) 

The Not-So-Silent World beneath 
the Sea: Studies of Biological 
Adaptation and Limitation (S,N) 


Dr. Myrborg is Professor of Marine Science* 
the Division of Biology and Living Resources 
University of Miami. He was educated at 
Ripon College, the University of Illinois, and 
UCLA (Ph.D. 1961) and was a postdoctoral 
fellow,'if the Max Planck Institute for 
Physiological Behavior In Seeweisen, 
Germany. His principal research interests 
include the comparative behavior of fishes, 
particularly those of tropical waters; 
underwater acoustics and its biological 
significance; and the sensory physiology arxt 
behavior of sharks. 



George Rapp, Jr. 

College of Letters and Science 
University of Minnesota 
Duluth, MN 55812 

The Geological Origin of the 
Atlantis Legend (G) 

Archaeological Geology (S) 
Paleogeographic Change 
Affecting Coastal Archaeological 
Sites in Greece (N) 

Trace-Element Fingerprinting to 
Determine the Geographic/ 
Geologic Source of Copper 
Artifacts (N) 


Dr. Rapp is dean of the College of Letters and 
Science, Professor of Geology and 
Archaeology, and director of the 
Archaeometry Laboratory at the University of 
Mlnnesota-Duluth. He served as associate 
director of the Minnesota Messenia Expedition 
and Nichoria Excavation and Is now 
archaeometric director of the Tel Mikhal 
Excavation. He is president of the Association 
for Field Archaeology and past chairman of 
the Division of Archaeological Geology of the 
Geological Society of America. Dr. Rapp was 
a cofounder of the University of Minnesota’s 
Center for Ancient Studies (Minneapolis 
campus). 



Marlene Oscar-Berman 

Aphasia Research Center 
Boston University School of Medicine and 
Boston V.A. Medical Center 
150 S, Huntington Ave, 

Boston, MA 02130 

Neuropsychological 
Consequences of Long-Term 
Chronic Alcoholism (S, G, N) 

Human Brain Damage: Obvious 
and Subtle Effects (S, G,N) 


Educated at the University of Pennsylvania. 
Bryn Mawr College, and the University of 
Connecticut (Ph.D. 1968), Dr. Oscar-Bermer 
currently serves as Associate Professor of 
Neurology (Neuropsychology) at the Boston 
University School of Medicine, Research 
Psychologist at the Boston V.A. Medical 
Center, and Affiliate Associate Professor o! 
Psychology at Clark University. She Is the 
recipient of a U.S, Public Health Service 
Research Career Development Award and 
has received widespread recognition for her 
work in neuropsychology relating especially 
to human brain damage and the 
consequences of alcoholism. 



Unavailable: June-August 1980. 


William P. Reinhardt 

Department of Chemistry 
University of Colorado 
, Boulder, CO 80309 

Kinetics, from Atoms to Enzymes 
(G) 

Highly Excited Atoms and 
Molecules ($) 

Atomic Structure in External 
Fields (N) 


Dr. Reinhardt is Professor and chairman of 
the Department of Chemistry and Fellow of 
the Joint Institute for Laboratory Astrophysics 
at the University of Colorado. He studied at 
the University of California-Berkeley and 
Harvard (Ph.D. 1967 in chemical physics) and 


has served on the faculties of Harvard and 
Colorado. He has held Sloan and Guggenheim 
Fellowships and received the Camille and 
Henry Dreyfus Teacher-Scholar Award and 
the Fresenius Award of Phi Lambda Upsilon. 
Dr, Reinhardt works In the area of theoretical 
chemistry and is interested in the flow of 
energy in highly excited atoms and 
molecules. 



Gian-Carlo Rota 

Department of Mathematics 2-351 
Massachusetts Institute of Technology 
Cambridge, MA 02139 

What Is Combinatorics? (N) 
Current Trends in Mathematics 
(S) 

Mathematics and Its Foundations 
(S,G) 


A native of Italy, Dr. Rota was educated at 
Princeton and Yale (Ph.D, 1954) and curfoni| 
serves as Professor of Applied Mathematics 
and Philosophy at MIT, He has also hold 
factulty positions at New York University, i 
Harvard, and Rockefeller University. He has 
served as advisor and consultant to the Offia 
of Naval Research, the Rand Corporation, ait 
Los Alamos Scientific Laboratory, and he 
edits several mathematical publications. 
Including Advances In Mathematics of which 
he has been Editor-In-Chief since 1968. Dr, 
Rota Is a Fellow of the American Academy d 
Arts and Sciences and of the Institute of 
Mathematical Statistics. 



Irving J. Selikoff 

Mt. Sinai School of Medicine 
100th Street and Fifth Avenue 
New York, NY 10029 

Scientific Bases for Public 
Control of Environmental Disease 
PCB’s, PBB’s, TCDD’s, and All 
That...(S) 


Dr. Selikoff Is Professor of Community 
Medicine and director of the Environmental 
Sciences Laboratory at the Mount Sinai 
School of Medicine. He is thus able to 
maintain two concurrent concerns: definition 
of causes of human disease—especially 
cancer—and approaches to their control and 
prevention, A past president of the New York 
Academy of Sciences, Dr, Selikoff is a 
member of the National Cancer Advisory 
Board, Editor-in-Chief of, Environmental 
Research, and recipient of the Lasker Award 
and National Research Award of the 
American Cancer Society. 



Michael M. Sokal 

Department of Humanities 
Worcester Polytechnic Institute 
Worcester, MA 01609 

Early American Mental Testing: 
Pre-1945 Roots of the Current 
Controversy (G,S) 

Foreign Study before Fulbright: 
American Students at European 
Universities in the 19th Century 
(GjS) 

Birth of a New Science: The 
Origins of Experimental 
Psychology in the U.S. (N,S) 


Educated as an engineer and historian of 
science, Dr. Sokal has been a Research 
Fellow at the Smithsonian Institution and is ! 
now Associate Professor of History at j 
Worcester Polytechnic Institute. He has | 
written extensively on the history of j 
science—especially psychology—-in the u,s 
and Is currently Investigating the social histc^ 
of mental testing before 1945. His book Th$ i 
European Education of an American 
Psychologist, 1880-1888: James McKean 1 
Cattell's Journal and Letters from Germany j 
and England will be published this year by MS 
Press. 



Peter H. Wolff 

Children’s Hospital Medical Center 
300 Longwood Avenue 
Boston, MA 02115 

Functional Maturation of Brain- 
Behavior Relation (S,G) 
Development of Behavior in 
Infancy ($,G) 


A native of Germany, Dr. Wolff was educated 
at the University of Chicago (M.D. 1950) and 
Is currently Professor of Psychiatry at the 
Harvard Medical School and director of 
psychiatric research at the Children's Hospital 
Medical Center In Boston, His research on 
development of behavior in infants and young 
children has drawn wide acclaim. He is a 
Fellow of the American Psychiatric 
Association, a diplomate of the American 
Board of Neurology and Psychiatry, and an 
affiliate of the Royal Society of Medicine, Dr. 
Wolff's honors include the Helen Sargent 
Prize of the Mennlnger Foundation and the 
Felix and Helene Deutsch Prize of the Boston 
Psychoanalytic Institute. 


1980 -January-February 11” 
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Sigma Xi Simplified Expense Report by Program, Activity, and Purpose 


Sigma Xi Simplified Expense Report by Program, Activity, and Purpose 


Annual Meeting 
$171,496-8.6% 



Grants in Aid of Research 


$180,347-9.0% 


(cont'd from p. 13) 

ment of the Encouragement and Support 
for Science and Research. 

The breakout of the values shown in the 
pie chart are given in the two tabular ar¬ 
rays on pp. 119 and 

Summary of expense reports by 
program, activity, and purpose 

The first table is actually an extension of 
the Statement of Operating Expenses 
which appears in the Audited Financial 
Statement. In this modified expense re¬ 
port the same figures are extended for 
each line item to show the allocation of 


the budgeted and actual expenses 
against three classifications of the Soci¬ 
ety's activities: Encouragement and Sup¬ 
port for Science and Research, Control 
and Management of the Society, and Per¬ 
petuation and Growth of the Society. 

The second table shows actual vs. bud¬ 
geted expenses In terms of cost centers, 
programs, and purposes rather than line 
items. Perhaps at some future time this 
new form of reporting may be substituted 
for the present Statement of Operating 
Expenses as being more meaningful to 
the membership. Throughout the year, 
however, only the reporting by line item 
will serve to maintain control of ex¬ 


penses. This is accomplished by comp, 
er report of the expenses for each cos! 
center by line item together with monf 
totals for each line Item in addition tot: 
tals for each cost center. 

It should be noted that the $48,89 5 of 
building expense (total expense less 
rental income from building) has been* 
located to appropriate cost centers, iii 
the event, however, that rental Income 
should exceed total expense, no charg; 
will be placed against any Society cos! 
center and the difference will appear as 
an item of income. 

T.T.H. 



OPERATING EXPENSES 
FY79 

ACTUAL VS BUDGET 


ENCOURAGEMENT 

TOTALS AND SUPPORT FOR CONTROL AND PERPETUATION 

SCIENCE AND MANAGEMENT OF AND GROWTH OF 
EXPENSES ACTUAL BUDGET RESEARCH THE SOCIETY THE SOCIETY 

Staff Salaries and 

Related Expenses $ 509,696 $ 570,484 $246,136 $ 290,764 $78,803 $ 67,289 $184,757 $212,431 

Honoraria... 15,024 16,500 12,500 14,500 2,524 2,000 

Printing.... 385,027 398,000 333,032 353,000 8,258 6,000 43,737 39,000 

Postage and Mailing.. 107,059 117,000 74,523 69,450 3,457 5,250 29,079 42,300 

Supplies. 39,868 37,300 8,709 6,100 5,521 5,800 25,638 25,400 

Office Support 

Services.. 33,368 31,900 9,263 10,275 5,325 5,850 18,780 15,775 

Promotion 

American Scientist 16,282 20,000 16,282 20,000 

Nonmember 

Subscriptions ., ’ 72,670 168,500 72,670 168,500 

T , 88,952 188,500 88,952 188,500 

Travel and Related 

Expense...... 173,856 150,000 9,272 10,100 155,445 129,300 9.139 10,600 

Professional Services 39.155 32,720 26,298 23,580 12,561 9,140 296 

Management of 

Investments....... 7,434 7,000 7,434 7,000 

Appropriations....... 16,707 20,500 16,707 20,500 

Local Support 

Payments. 335,151 335,000 335,151 335,000 

Computer System.... . 17,320 14,030. 1,979 1,600 247 100 15,094 12,330 

Depreciation of Office 
Furniture and . 

Equipment.. 26,979 22,560 13,909 11,640 3,468 2,640 9,602 8,280 

Other,,,... . 3,903 1,500 1,854 854 500 1,195 1,000 

Sigma Xi Fund of 

Canada. 900 900 900 900 

Headquarters Building 

Total Expense,.,,. 126,301 120,498 

Less Rental Income , ( 77,406) ( 78,550) 

48,895 41,948 19,558 19,959 6,845 5,558 22,492 16,431 

TOTAL EXPENSES . 1,649,294 1,985,842 $863,592 $1,020,868 $290,742 $246,427 $694,960 $718,547 

! Operating Revenues 1,945,034 1,962,744 

Excess of Revenues 


over (under) expenses $ 95,740 ($, 23,098) 
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Sigma Xi Simplified Expense Report by Program, Activity, and Purpose 


Purpose 


OPERATING EXPENSES + GRANTS-IN-AID OF RESEARCH 
WITH ALLOCATIONS TO PROGRAMS 
FY 79 

BUDGET 


Program 


Cost Centers 


Encouragement 

and 

Support for 
Science & Research 
$1,013,196 
$1,197,489 


American Scientist 
$706,129 $922,548 


Grants-in-Aid 
of Research 
{ $180,347 $215,146 

Lectureships 
$ 36,232 $ 46,155 

Science & Society 
$ 10,488 $ 13,640 


[ Committee on Publications 
Editorial - Production 
Advertising 

Subscriptions - Solicitations 
^Subscriptions — Fulfillment 

'’Committee 
Administration 
( Awards 

'’Committee 

Administration 

^Subsidies 

'Committee 

Administration 

Subsidies 


Control 

and 

Management 
of the 
Society 
$ 290,742 
$ 246,427 


Annual Meeting 
$171,496 $136,006 


, Governance 
\ $ 65,080 $ 58,574 


Policy & Evaluation 
$ 54,166 $ 51,847 


Perpetuation 
and Growth of 
the Society 
S 694,960 
$'718,547 


Organization 
$426,340 $414,932 


Chapter-at-Large 
$ 33,044 $ 37,401 


International Chapter 
$ 8,299 $ 20,672 


Membership 
[,$227,277 $245,542 


i 49 
533,925 
29,418 
87,212 
135,525 

6,822 

23,921 

149,604 

7,249 

17,276 

11,707 

1,849 

3,639 

5,000 


[Committee 5,026 

. Administration 75,959 

[Subsidies 90,511 

f Officers ... 1,412 

Board of Directors 18,990 

Executive Committee 19,828 

(^Committee on Regions 24,850 

[Audit Review . 10,892 

J Budget Committee 5,703 

' Finance Committee 13,452 

Committee on Long Range Planning 20,406 

.Committee on Nominations 3,713 


'Committee on Qualifications. 7,927 

Activation New Groups 4,811 

Maintenance Chapters/Clubs 413,305* 

^Revitalization Chapters/Clubs 297 

'"Committee 9,203 

Activities. 1,404 

.Membership Services " ■22,437 

'Committee 5,123 

Branch Services, 254 

^Membership Services 2,922 

"Elections & Promotions 75,554 

Retention 118,945 

Reactivation . 32,778 


OFFICIAL INSIGNIA 

SIGMA XI THE SCIENTIFIC RESEARCH SOCIETY 



3, LARGE KEY OR PIN 
for Associate Members 
3-25, Key, yellow gold 
*3-27, Key, karat clad 
3-28, Pin, yellow gold 
3-29, Pin, karat clad 


$29,45 

13,40 

31,75 

14,20 


7 T w. LARGE KEY OR KEY PIN 
11 ' ’* Members only 

y gpT-12. Key, yellow gold 
Key, karat clad 
.iU.W.-io, Pin, yellow gold 
176,62 ! -17, Pin, karat clad 

9.566- 
23.05- 
13,50 

3, W. 

3,45: 

7 .OK- 


4, SMALL KEY OR KEY PIN 
for Members only 
4-1, Key, yellow gold $25.65 

*4-3, Key, karat clad 12.60 

4-4, Pin, yellow gold 27.55 

4-5, Pin, karat clad 13,40 



6. CHARM 
for Members only 
6-44, Yellow gold $10,50 
‘6-45, Karat clad 3,9 


7, RING 

for Members only 
7-38. Yellow gold $49,90| 

7-39. Silver 18,4 

for Associate Members 
7-40, Yellow gold 49.90] 

7-41. Sliver 18,40 



CUFF LINKS 
g 7 Hj>r Members only 


8, KEY TIE TACK OR LAPEL PIN 
Key for Members only (left) 

8-34, Yellow gold $21.95 

8-35, Karat clad 14,50 

Key for Associate Members (right) 

8-36, Yellow gold $19.55 

8- 37, Karat clad 10.90 

9. INSIGNIA TIE TACK OR LAPEL PIN 
for Members only 

9- 42, Yellow gold $11,25 
*9-43, .Karat clad 4,60 


-32. Yellow gold 
b^V«-33, Karat clad 


$46.85 
17.95 

76.3%oth with yellow finish toggle) 



. . . be ordered 
yellow gold 
6,984’ Canadian 


5. STICK PIN 
for Members only 
5-46. Yellow gold $22.50 

*5-47. Karat clad 13.40 

directly from National Headquarters, 

Hems are subject to the gold surcharge In effect at the time the order Is placed. Quotation of this surcharge should be obtained from the L. G, Balfour 
prices must be obtained from Balfour dlreot. All prices quoted are valid through 31 August 1080, 



(Cut along doited line and forward completed 


I. 60E 
405,793 

55» : The L, G, Balfour Co,, Fraternity Division 
leboro, Massachusetts 02703 

16 , 1 ^ 

‘ _ ‘ase ship the insignia item(s) on this order: 

21 The L G, Balfour Company will honor only authorized 
•lew.An order to be authorized must be: 

11 35K 

* ^Endorsed as authorized by Sigma Xi, 

0 .345 Whitney Avenue, New Haven, Conn. 06511 

J, 14t0 r 

81,5Q2 AkCC0m P anied ^ Official Authorization Form issued at time 
124,20?^ vitiation 


order form or a copy with full remittance) 

Order will be shipped to this Individual at this address 

From: Name _ 

Street 


City 


State 


Date 


Check Membership: Member □ Associate Member □ 


39,833 


$1,998,898 Actual ($1,849,294 Operating Expense + $149,604 Nonoperating Expense-GIAR Reserve) 
$2,162,463 Budget ($1,985,842 Operating Expense + $176,621 Nonoperating Expense-GIAR Reserve) 

"Of this amount $335,151 paid as Local Support for Chapter/Club programs could for the most part, if 
be classified under the Purpose-Encouragement and Support for Science & Research. 


P r , 

Affixed below with the mailing label from this copy of 
" American Scientist provided order is from and for the individual 
lamed thereon, 

; »ck one box below and mall as indicated 

I to National Headquarters 

nnf finfir«»ti£ u,horizalion required by the national'headquarters 
I directly to L, G. Balfour Co. 

Official authorization form attached 
Mailing label affixed below | 


Quantity Item No. 


Description 


PrlOi 


When ordering from the L. G, Balfour Co.: 


Total Merchandise $ 


State Tax 
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CLASSICS IN 

PHILOSOPHY 
AND SCIENC 


A TREATISE ON 
ANALYTICAL DYNAMICS 

L. A. Pars 

“'Pars’ TREATISE is an altogether admirable work, The 
clarity of its exposition and the, care with which the 
concepts and domains of applicability of its theorems 
are defined make.it a classic in the best English tradition, 
Theoreticians and practitioners, teachers and students 
alike will welcome the good news that this valuable 
book has become available once again," ReinhardtM, 
Rosenberg, Uniuersity of California Berkeley. 

“1 consider this text to be a genuine great book of 
■ Dynamics. It is written with great care and clarity and it 
presents a comprehensive exposition of the subject 
matter, A reprinting of Pars text is a service to students 
and researchers in mathematics, physics, astronomy, 

. and engineering,” Aris Phillips, Yale University. 

Hardcover $40. 


THE NATURE OF 
PHYSICAL REALITY 

Henry Margenau 

make it required reading for all who seek to understand 
. the methodology of modem physics. The presentation 
of the basic principles of quantum mechanics is 
probably the clearest extant,”/?. Bruce Lindsay, Brown 
University. Hardcover $22. Paperback $12. 

PHILOSOPHICAL PROBLEMS 
OF QUANTUM PHYSICS 

IV. Heisenberg 

Eight popular lectures by one of the founders of 
modem physics. There’s nothing uncertain about the 
quality of Heisenberg’s writing. Formerly titled; 
Philosophical Problems of Nuclear Science. 

Hardcover $16, Sewn Paperback $9.50. 

ENERGY FLOW IN BIOLOGY 

Harold J. Morowitz 

“This book has provided a clear, reasonable rigorous, 
and extremely broad exposition of the implications of 
energy flow in biology.... It will be invaluable in 

stateof biological thermodynam^; , '’iau)rence B. 
Slobodkin, SUNY Stony Brook. , 

Hardcover $16. Sewn Paperback $9.50. 


THE MEETING OF 
EAST AND WEST 

F. S. C. Northrop 

“I call the book great, difficult, and important 
book is great because its theme is great. It is impo 
because it is, so far as I know, the only book by art 
American philosopher to state the fundamental 4 
ideological conflicts in world culture. It is difficult H 
because the problem is immense.” Howard Murn| 
Jones, The New York Times Book Review. I 
Hardcover $27. Sewn Paperback fj 

SYMMETRIES AND 
REFLECTIONS 

Eugene Wigner 

Perceptive essays'covering a broad range including 
role of symmetry in physics, nuclear energy, 
epistemology, and contemporary history of physle| 
Sewn Paperback $9T 

SCIENCE AND 
FIRST PRINCIPLES 

F. S. C. Northrop 

One of the first-books to grasp the epistemologicaflf 
significance of 20th century physics and biology. A 
blend of science and humanism. 

Hardcover $22. Sewn Paperback f 
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NEW AND BEST-SELLING 
BOOKS FROM 
WILEY-INTERSCIENCE 


GENE EXPRESSION, 2nd Ed. 

Vol- 2: Eucaryotic Chromosomes 

Benjamin Lewin 

Expanded to cover more topics, the Second Edition is an entirely new 
book based on the recent explosive growth of knowledge of the nature 
of the eucaryotic gene, The first section describes the environment of 
the genetic apparatus, the structure and division of the cell, and the 
occurrence of mutants, The second section discusses the structure of 
the genetic apparatus based on the discovery of the nucleosome sub¬ 
unit of chromatin. The third section defines the organization of euca- 
, myotic DNA, dealing with nonrepetitive and repetitive DNA, with 
nuclear satellite DNA, and with organelle genomes, 
approx. 1130 pp. April 1980 

(1-01977-1) $40.00 (tent.) cloth (1-01976-3) $18.95 (tent.) paper 
ON THE DESIGN OF STABLE SYSTEMS 

Gerald M. Weinberg & Daniels Weinberg 
This unique, highly readable volume presents a fresh way of thinking 
about and dealing with all kinds of systems—technological, social ana 
biological, among others. The authors draw on their backgrounds in 
technology and social science to present a truly interdisciplinary 
approach, Although intended to be a companion to Weinberg's "An 
Introduction to General Systems Thinking" (Wiley, 1975), this new vol¬ 
ume can also be used by itself, as a course text or in personal reading, 
approx, 384 pp, (1-04722-8) Feb, 1980 $21.50 

BIOGEOGRAPHY 
E. C. Pielou 

This book examines the evolution of life on a constantly changing 
planet and explores new insights from plate tectonics; deep ocean life 
investigations; island biogeography; knowledge of past geography, 
climates, and ecology; and from developments in evolutionary theory. 
Contains maps, diagrams, and a bibliography of over300 references. 
351pp. (1-05845-9) 1979 $21.50 

THE MOLECULAR BASIS OF OPTICAL ACTIVITY 
Optical Rotatory Dispersion and Circular Dichroism 
Elliot Charney. 

This book demonstrates how the phenomena of optical activity are 
treated by spectroscopists and theoreticians, In bridging the gap 
between chiroptical observations and underlying physical laws, it 
offers an interpretation of the theoretical basis of optical activity obser¬ 
vations, making it an important aid in the design of research and the 
evaluation of research results. An important feature of the book is its 
emphasis on the treatment of optical activity as absorptive processes 
in which the radiation-molecule interaction results in a transition which 
carries the molecule from one quantum state to another. 

364 pp. (1-14900-4) 1979 $27.50 

WORLD FACTS AND FIGURES 
Victor Showers 

A collection of comparative information about the cities, countries, and 
geographic features of the world, The comparative tables in this vol¬ 
ume provide data on countries ranked by area, population, life expec¬ 
tancy, energy production and consumption, gross national product, 
etc. This book is indispensable lo the personal or reference collection 
of any well-informed individual, institution or library. 

757 pp. (1-04941-7) 1979 $19.95 

COSMIC DUST 
J. A, M. McDonnell 

The first of its kind, this book presents a state-of-the-art review of the 
major fields of study of solid malter in the solar system and the galaxy. 
Covering the source of dust, its detection, distribution and dynamics, 
and its interaction with the planets, the field is an extensive one affect¬ 
ing in at least some small way almost every branch of astronomy, 
physics, or environmental sciences. 

693 pp. (1-99512-6) 1978 $100.95 

EVOLUTION FOR NATURALISTS 
The Simple Principles and Complex Reality 
P.J. Darlington, Jr, 

Offers an essentially complete, nonmalhematical treatment of organic 
evolution—the evolution of life on earth. Tests evolution theory against 
what can be seen in the, real world by naturalists and professional 
biologists. Treats evoiution as a multi-level process while emphasizing 
evolution at the visible Darwinian level of individuals and populations. 
Stresses the cost of evolution by selection. Darlington looks at evo¬ 
lution from three points of view: the naturalist, the professional aca¬ 
demic biologist, and the human being who is appalled by the problems 

we face and eager to put them into useful perspective, 

approx. 264 pp. (1-04783-X) March 1980 $19,95 


THE ORIGIN OF THE SOLAR SYSTEM 

Edited by S. F. Dermott 

Based on the proceedings of the NATO Advanced Study >r •' ‘ -Y 
The Origin of the Solar System, this book includes rlma-. 
sources of planetary material; physical processes in the >:/ ’ - 
planets and satellites; mechanical and magnetic propotlu.-- i’ ; 
and satellites; mechanical and magnetic properties oi i'-.-,- */ 
gasdynamical and thermodynamical properties of their n."*' • 
and conditions in the circumsolar space planes in which ih-* 
668pp. 1978 

(1-99529-0) $92.50 cloth 

(1-27585-9) $45.50 paper 

ANALOG AND DIGITAL ELECTRONICS 
FOR SCIENTISTS, 2nd Ed, 

Basil H. Vassos, The University of Puerto Rico, 

& Galen W, Ewing, Seton Hall University 
Designed to meet the need of the scientist for a trefsiim^ ■ ” v 
Ironics emphasizing the use rather than the design o( in?*-u 
cuits. Specific models of integrated circuits are discus:,< r or 
with emphasis on devices that are widely disseminated ut tti-r. 
properties important to the authors' treatment, The expert-. ^: 
tion of the book has been expanded in this edition, with 
gradu ated in terms of difficulty and the need for original 
472 pp. (1-04345-1) April 1980 $22.50 

PATENT AND TRADEMARK TACTICS 
AND PRACTICE 
David A. Burge 

An expert patent attorney outlines the fundamental 
must be understood by inventors, business peopfu. m-Q 
engaged in the development, protection, and managerneii? d? 
tual property. Burge tells readers how to apply for a paten ' 
why to keep invention records, how a corporate manager 
a patent program, how to select and use a trademark, bp% ai 
right, and how to protect trade secrets, 
approx. 192 pp. (1-04937-9) Jan. 1980 SlfHrt j 
STATISTICS FOR EXPERIMENTERS 
An Introduction to Design, Data Analysis, 
and Model Building 

George E. P. Box, William G. Hunter, & J. Stuart Hunter 
A fresh, lucid introduction to statistical methods to make «**«««■ 
efficient as possible. Focuses on applications in the physcjll 
neering, biological, and social sciences. Only an element*!? m 
edge of mathematics is required. Topics covered include wxwpji 
experiments, factorial designs, regression analysis, respond ta 
methods, time series analysis, error transmission and ttmsm 
model-building. 

653 pp. (1-09315-7) 197 8 $25.00 


® WILEY-INTERSCIENCE 

'a division of John Wiley & Sons, Inc. 

605 Third Avenue 1 

New York, N.Y. 10016 

In Canada: 22 Worcester Road, Rexdale, Ontario 
Order through your bookstore or use the coupon. 

For even faster service 
CALL TOLL FREE-800 526 5368. 

In New Jersey, call collect 201 797 7809. 

f" 3 lease send the books indicated for 

| 15-DAY FREE EXAMINATION. 

I (Restricted to the continental U.S. and Canada.) 

1 Mail to: WILEY-INTERSCIENCE 

I P.O.Box 092 

I Somerset, N.J. 08873 

11 j Payment enclosed, plus sales tax, Wiley pays ptm^r 
■ handling. We normally ship within 10 days. It shipment • 
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Is she a he? Jk 

Only the microscope know 


.ter (to 


Zeiss Photomicroscope III 
used for sex tests. 

The Lake Placid Olympic Organizing 
Committee is using the Zeiss Photo- 
microscope III for chromosome 
testing at the 1980 Winter Olympics. 
The built-in 35mm camera and data- 
recording system insure speed 
and accuracy in documenting the 
hundreds of tests to be made. And, 
of course, the great Zeiss optics 
give the image detail needed for 
accurate analysis. 


The favorite of busy 
cytogenetic labs. 

The Zeiss Photomicroscope is being 
used at the Olympics for the same 
reason the world's busiest cytogenet¬ 
ic labs, such as the Pre-Natal Diag¬ 
nostics and Chromosome Analysis 
Lab at the University of California, 
chose it: "An image of the best 
possible quality from an absolutely 
routine specimen preparation',' 

That's economy in action. 
Nationwide dealers and service, 


Fhe great name in optics 


ZEISS 


West Germany: 


Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212)730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los Angeles, 
San Francisco, Washington, D.C. In Canada; 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6, Or call (416) 449-4660 


Please send descriptive literature and price list on; 


□ Zeiss KF 2 (student and lab) □ Axiomat 

□ Standard Microscope □ Axiomat Metallograph 

□ Universal Microscope [j Stereomicroscopes 

□ Photomicroscope III □ Fluorescence 

□ Attachment Camera MC 63 Microscopes 

□ Ultraphot 0 Microscope Photometers 


IIM 35 Photo-lnverloscope 
j ICM 405 Inverted Metallograph 
1 EM 10 TEM (1.4 A lattice) 

I EM 109 TEM (3.44 A) 

Digital Image Analysis Systems; 
I MOP l j VIDEOPLAN 


May we ash you to take a tew moments to answer the following questions: 

Type ol lab: Industrial 11 University 0 Government 0 

How many instruments are In your lab? light mirrrwnp M fm x 

Are you currently using a tight microscope? Noll Yes 111 What ma ke._. . 

Are you currently using an EM? No I I Yes LI What make _ _ 

Techniques used; 11 Brightfield TJ Phase Contrast i I Noniarski 

PDarkfield LI Fluorescence 11 Polarized light 

Do you influence the purchase of instruments? Yest'l Noll 
Are you planning the purchase of new instrumenl(s)? Now 11 Within 3 years 1 1 
Send order form for “Microscopy Irom the very beginning'' i' I (65 pages $2.00) 

“Worthwhile facts about fluorescence microscopy" O (47 pages ■■ $2.00) 
“Handbook o( incident light-microscopy" 0 (65 pages $2,00) 


ZEISS 


West Germany 


jp , 


0nM 1 Salw.m.it..... .. 
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A Message from the President 

Many scientists bridle at the thought of the “utility” of scientific knowledge. 
Science, they say, is a disinterested search for truth about the physical and 
natural world. Roger Guillemin, awarded the Nobel Prize in 1977 for his in¬ 
vestigations into brain hormones, epitomized this feeling when he said: 
“Science deals with the acquiring of new knowledge. The use, including misuse 
or ill use, of that knowledge is the realm of politicians, engineers, and tech¬ 
nologists.” The public, however, makes no such distinction. They credit both 
scientists and engineers with remarkable space exploits and miraculous cures; 
they blame both for the unmanageable descent of Skylab and environmental 
pollution. 

in this mingling of science and technology, the public is probably nearer the 
truth than Dr. Guillemin and his fellow believers in the purity of science. At 
one time science and technology could and did follow separate paths, carried 
on by separate communities, but the changing nature of scientific problems 
and the growing complexities of technology during the past century demanded 
that the two come together, Nowadays science and technology embrace a broad 
spectrum of different activities, with purely theoretical knowledge at one end 
and simple cut-and-try empiricism at the other. But the growing middle in¬ 
volves close cooperation between science and technology, for it is increasingly 
difficult for them to be carried on independently of one another. 

, We tend to define human needs and use solely in terms of material goods and 

I creature comforts, but there are needs that transcend mundane considerations. 

| Not all scientific research eventuates in technical devices, products, and 

I processes; yet it can make a profound impression on the way men live and 

f think, Equally important, scientific research corresponds to a basic human 
need--the need to know. To say that scientific knowledge is pursuit of 
knowledge for its own sake without regard for its use is to deny that knowledge 
is useful. True, some bits of knowledge might seem trivial or not immediately 
applicable to other realms of human and social use. No one foresaw that the 
18th-century investigations of static electrical phenomena would lead to to¬ 
day’s electrical and electronic technology. 

The scientific endeavor attempts to satisfy both of Kant’s great questions: 
First, what can-I know? Second, what ought I to do? Whether he realizes it 
or not, the scientist is both a knower and a doer. And if by “applied” science, 
we mean science that is put to use, then all scientific research is “applied”-~for 
all science is useful. 



American Scientist 


Editorial Staff 

Editor Jane V. Olson 
Managing Editor Michelle Press 
Assistant Editors Catherine lino, 
Lin Peterson 

Editorial Assistants Sandra Mem; 
Anne-Marie Demetz, Jane Hersuy 
Permissions Joan S. Moynihan 
Artwork Linda Price Thomson 


American Scientist 

Volume 68, No. 2, March-April 1980 ISSN 0003-0996 


Board of Editors 

Caryl P. Haskins, Chairman 
Sidney Altman Alvin Novick 

D. Allan Bromley Irving House 

W. J. Cunningham Brian J. Skinnv 
William Kessen Peter P, Weger- 

George D. Mostow 

Consulting Editors 
M. T. I. Cronin Allan H. Hawk 

G. E. Hutchinson Harry L, Shape 

Franklin A. Long F, E. Shidwm' 

E. C. Patterson 


Contents 

Fumiko Ikawa-Smith 134 Current Issues in Japanese Archaeology 

John Alcock 146 Natural Selection and the Mating Systems 

of Solitary Bees 


Publications Committee 

Caryl P. Haskins, Chairman 
Herbert S. Bailey, Jr. 

W. J. Cunningham Joseph H, Kusr 
Thomas T. Holme Charles A. Waite 

The Editors of American Scientist <fer 
accept responsibility for or nerem* 
agree with the views expressed in thr. 
tides published in its pages; they 4 5 
cept responsibility for ascertaining it 
articles meet the highest standards, 
scientific accuracy and rigor, 

Advertising Management 
Dorothy Kerr & Associates 
1211 Connecticut Ave. NW, Suite k 
Washington, DC 20036 
Telephone: 202-296-1479 

Editorial correspondence 
345 Whitney Ave., New Haven, CT i* 
Tel: 203-624-2566. Submission oft- 
uscripts is welcome, but no respond 
for safekeeping can be assumed. NL 
scripts will not be returned units? 
companied by postage. Reprint 
should be addressed to the author* 

Subscriptions and changes of add* 
345 Whitney Ave., New Haven, (■ 1 k 
Tel: 203-624-9883. Make checks paw; . 
to American Scientist. Single copyJi 
Annual rate: Domestic: 1 year—$15 * 
years—$26.00; 3 years— $35.00. Fom 
1 year—$17.00; 2 years— 
y ears —$41.00; for airmail via ArasU*® 
add $2.00 per year. Send change ah 
dress, on form in each issue, to thesfr 


Walter Greiner 154 Is the Vacuum Really Empty? 

Joseph Hamilton 

Arthur P. Arnold 165 Sexual Differences in the Brain 

Stephen Boughn 174 Detecting Gravitational Waves 

Saunders Mac Lane 184 Mathematical Models of Space 

Ulf Lagerkvist , 192 Codon Misreading: A Restriction Operative 
in the Evolution of the Genetic Code 

,124 Letters to the Editors 
132 Sigma Ni News 
199 The Scientists’Bookshelf 


Published bimonthly. Copyright .tfh 
by Sigma Xi, The Scientific Reses? 
Society, Incorporated. Second-^ 
postage paid at New Haven, CT,ai«ii. 
ditional mailing office. ■ • 

Postmaster: Send change of addressfe, 
3579 to American Scientist, 345 Whip 
Ave., New Haven, CT 06511 , } 


Cover 

A clay figurine of a woman (31 cm high), from Gohara 
in Gumma Prefecture of Japan, suggests the rich ritual 
life of the prehistoric inhabitants of the Japanese 
islands about 6,000 years ago. See “Current Issues in 
Japanese Archaeology,” by Fumiko Ikawa-Smith, p. 
134. (Photo courtesy of Bijutsu Shuppan-sha.) 









Letters to the Editors 


LOOKING FOR ADVENTURE? 


Come to Botswana on a 
trail of discovery! 

Botswana lias one of the lowest population 
densities in Africa. Vast areas of its environment 
are virtually untouched by man, Approximately 
17 percent of the country’s area is devoted to 
wildlife in national parks and game reserves, 
You are therefore sure of exploring the world of 
animals and birds in their most natural habitat, 
This includes the sceneiy of the limpid, lily- 
spangled expanse of the Okavango delta and 
also the dry, harshly beautiful Kalahari. Yes, it is 
expensive to come here; but you can have an ex¬ 
clusiveness not possible in more commercialized 
countries of Africa, 

Accommodations are not luxurious but quite 
welcoming to the more adventurous. Let’s be 
honest, our roads and other communications arc 
not good, our airports are small. You will not gel 
a computerized guided tour-butyou will find 
adventure! 

Write to us for more information: 

Department of Wildlife, 

National Parks & Tourism 
l’,0. Box 131 

Gaborone, Botswana, (Africa) 


BEAT INFLATION 
OWN NUMISMATIC 
SILVER DOLLARS 




Numismatic uncirculated coins have act¬ 
ually outperformed every type of invest¬ 
ment for the past 20 years, Silver coins 
from America's historic past in brilliant 
uncirculated condition consistently in¬ 
crease in value.20% or more every year, 
In 1970, a paper and a silver dollar each 
bought 3 gallons of gas, Only 9 years 
later, a paper dollar hardly gets you 1 
gallon but a numismatic uncirculated sil¬ 
ver dollar could buy you a few tankfuls, 
People in the know are investing a good 
part of their savings in collectables of 
all types, numismatic coins are the no, 1 
choice. For free brochure and details, 
call: our 24 hr. toll free number, 

800-327-9191 EXT, 880 


Landslides in the White 
Mountains 

To the Editors: 

It was good to see the article by F. 
Herbert Bormann and Gene E. Lik¬ 
ens (“Catastrophic Disturbances and 
the Steady State in Northern Hard¬ 
wood Forests” (Am. 'Sci. 67:660-69, 
November 1979). The attempted as¬ 
sessment of these natural events 
helps to give a more realistic view of 
the changing character of the forest 
and to put in perspective some of the 
man-caused disturbances in the 
White Mountains. 

However, it is surprising that the 
authors made no mention of one of 
the most dramatic, widespread, and 
devastating forms of disturbance in 
that region—landslides. The over¬ 
sight is especially puzzling because of 
the visual impact of these mass 
movements and the availability of a 
report which parallels some of the 
authors’ observations on vegetation 
reestablishment in disturbed areas, 
Edward Flaccus’s dissertation (Duke 
Univ,, 1958) mentioned the more 
than 500 slide scars visible on aerial 
photographs and listed 135 historical 
slides in the White Mountains. (A 
shortened version of Flaccus’s thesis 
appeared in Ecology 40:692-703; 
1959.) . 


Arthur E, Eschner 
College of Environmental Science 
and Forestry 
SUNY-Syracuse 

Drs. Bormann and Likens reply: 

Landslides or debris avalanches are 
a major disturbance component in the 
biogeochemistry of the White 
Mountains, About a decade ago we 
dealt with this subject in detail (Bio- 


Science 19:600-10, 1969) and esti¬ 
mated that debris avalanches are 
perhaps the most important mecha¬ 
nism in lowering the surface of higher 
elevation (<610m) first-order wa-.. 
tersheds. The material moved 
downslope by avalanches is approxi¬ 
mately three times greater than that: 
moved by the combined action of so-. 
lution removal and slower mas?; 
movements. Thus, Dr. Eschner i? 
correct in pointing out that dehri-- 
avalanches are an important compo I 
nent of the disturbance picture in the 
White Mountains. 

Debris avalanches, however, play a;; 
relatively small role in shaping the 
vegetational response of the northern) 
hardwood forest in the Whitt 
Mountains. Acting over time, they are ) 
a major biogeochemical force, but at 
any one time they affect a very small f 
proportion of the forested area. Fur- ■ 
ther, the importance of debris ava-! 
lanches increases with elevation, and j 
they are thus of more importance in .< 
the;boreal forest above the northern: 
hardwood forest zone (<ca 750 m 
mean sea level). ' 


Fight cavities 

To the Editors: ) 

Reading Irwin D. Mandel’sarticM 
“Dental Caries” (Am. Sci 67:680-8S| 
November 1979), I was impressed» 
the range of knowledge now avails® 
on. the subject but somewhat sWf: 
prised that one possible method^ 
caries control was not mentioned, tj 
Low pH was emphasized in Ik; 
paper as beneficial because bacterii 
agents both produce acid and jg 
acid-tolerant, which suggests Sf 
caries might be controlled by 
trolling the acidity directly Theji 



Do divers 
and gymnasts 
violate the law? 


I mvSICSOFSOJIMUU 


( QfLdma 


We are accustomed to seeing 
divers and gymnasts begin to twist 
and somersault long after they 
have left the springboard or the 

floor. Indeed, in order to win gold 
meda s divers need toperformsuch 
complex feats in midair as the for¬ 
ward two-and-a-half somersault 

with two twists. But, you may ask, 
doesn't this violate the law of con¬ 
servation of angular momentum? 

It postulates: In the absence of torques, 
or rotational forces, the angular mo - ’ 
mentum of a body is conserved. In 

the March SCIENTIFIC AMERICAN 
you will see how this paradox 

is resolved. You may be re¬ 
lieved to learn that divers andgym- 
nasts (and free-falling cats, too) 
perform their midair rotations 
without violating any laws of 
physics. Moreover, the underlying 


ruTi 1 rX£^ , l SUBSCRIPTI0N * 
THIS FREE BOOK 


Assoonasyoursub- 
scription payment Is re¬ 
ceived, we will also send 
you Human Ancestors 
(regular price: $5,00) as 
a bonus, This 144-page 
anthology reports the 
archaeological discov¬ 
eries that unveiled the 
evolutionary stream 
leading to Homo sapi¬ 
ens, culminating In the 
growing recognition of 
the role of toolmaking in 
the process of natural 
selection, 


S§ jij physics is the same for 

l | the astronauts in space 

|| I who need to control 

j i their body orientation 
I; in a weightless environ- 
| • ment, 

oo ? in the same issue you 
i0 d will find that impaired 
communication among 
..., if | cells can be a cause of a 

variety of diseases, as 
widely different from 

each other as cholera, diabetes and 
manic-depressive psychosis, In 
each there occurs a form of failure 
of fit between signal-bearing mole¬ 
cules from one cell and the receptor 

molecules in the outer or internal 
membranes of the target cell. 

You will learn how British ar¬ 
chaeologists have plumbed the past 
that lies under the city of York, 
down through the medieval city 
into the 9th century Viking city of 
Jorvik and on below to Eburacum, 

the great fortress city, that held the 

northernmost boundary of the 
Roman Empire. 

•You will read about the spin of 

comets in their eccentric orbits 

around the sun.., About the virtu¬ 
osity wi th which the horned beetles 
put their horns to work, especially 
in courtship contests... About the 


perception of the elusive "gluon" 
that glues quarks together,,. 
About the quantization of risk and 
safety of nuclear reactors in the 
wake of the Three Mile Island 

episode, 

This is the kind of diversity our 

more than 700,000 readers enjoy 

each month in our pages, 

Why not join us at the frontiers 

o knowledge? You will see why 

The New York Times calls our 
magazine, "This country's and per¬ 
haps the world's outstanding forum 

for communication between scien¬ 
tists and the intelligent public." 

A one-year subscription, at $18 
saves you $6 on the newsstand 

price of $2.00, A two-year subscrip¬ 
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in your own field. 
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yourself? 
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traduction of bicarbonate of soda into 
the oral cavity as a dentifrice can 
change the pH to 8.0 or even 9.0 in a 
matter of seconds. This rapid change 
must affect the viability of the bac¬ 
teria and, by neutralizing any acid 
present, interrupt the destruction of 
tooth surface. 

The cleansing action of bicarbonate 


Torn and battered? 

Sending American Scientist 
unprotected through the mails means 
that, inevitably, some copies reach 
their destination torn and battered. If 
your copy arrives in damaged 
condition, we will immediately send a 
new, wrapped copy on request. 
Wrapping the magazines separately in 
the general mailing would increase 
distribution costs appreciably; 
replacing individual damaged copies 
appears to be the best policy for the 
present,. . ..p. 


of soda is well known. It acts as a sol¬ 
vent on many materials, including 
oral bacterial plaque, and stimulates 
the flow of saliva for several minutes 
following its use. As the article points 
out, the efficient removal of plaque 
will interrupt the cariogenic cycle, 
and good saliva flow is beneficial, 

I can say from personal experience 
and communication with others that 
daily brushing with bicarbonate of 
soda has been almost 100% effective 
in preventing caries, and a number of 
cases are known to me where partial 
decalcification has been interrupted 
and eventual self-repair has re¬ 
sulted, 

Horace O. Simmons 
Kana Housing Authority 
P.O.Box 197 
Kodiak, Alaska 99615 


To the Editors: 

Dr. MandePs enjoyable and illu¬ 
minating article brings to mind a 
question; Is erosion of the enamel 


caused by Streptococcus mutans and ; 
plaque in a disseminated fashion or is ; 
it purely mechanical? Does increasing { 
mineralization with fluoride help re-1 
duce the latter as well as the f 
former? | 

My dentist (who says I have it) says v 
that erosion is characterized by the J 
appearance of lines and irregularities f 
which look polished. The course of? 
erosion, he continues, is the baring of \ 
the dentine at the gum line where the 
enamel is thinnest. 

Is erosion the result of bacterial t, 
action or purely mechanical? Isfluo- j 
ride application indicated? 

Elwin Marg, Ph.D. 

School of Optometry | 

University of California I: 

Berkeley, CA 94720 |, 


To the Editors: . 1 

As a wine lover and maker, l aw 
concerned that the high levels (0,7-1 
1%) of acids (mainly tartaric, malic, | 
and citric) in most wines may pro J 


mote the formation of caries. Is there 
any evidence that bears on this 
point? 

Gordon W. Gribble 
Department of Chemistry 
Dartmouth College 
Hanover, NH 03755 


To the Editors: 

Dr. Mandel lists a three-part 
strategy for preventing caries. I would 
suggest this be made a four-part 
strategy by including “arrangement 

teeth'” had grandparents with good 

E. P. Jeffrey 
97 Pine Street 
Amherst, MA 01059 


Dr. Mandel replies; 

Mr. Simmons’s suggestion that al- 

kaime buffers be used to elevate 
Plaque pH is very reasonable. Indeed 
a good part of the protective action of 


saliva is due to its bicarbonate eon- 
tent, Bicarbonate concentration in 
saliva varies directly with flow rate, 
and hence stimulated salivary How 
rate has both a mechanical lavage 
effect and an increased buffer ca¬ 
pacity. It is still a moot point, h»w* 
ever, whether introduction of ndcli- 
tmnal bicarbonate offers any signifi 
cant increase in protection against 
dental carles, I am not aware of any 
published documentation of efficacy. 
Anecdotal reports are positive, but 
controlled studies do not appear to be 
available. 

Dr, Marg raises the question of 
erosion. Tooth substance can be lost 

through the direct dissolution.or 

erosion-of enamel, cementum, or 
dentin by acids introduced directly 

m o he ora i cavity {m ^ 

formation in 81t u in the plaque). 
Erosion differs from caries in that 
Plaque is absent and in that a layered 
progression rather than a subsurface, 
selective demineralization is involved. 
Overuse of citrus fruits (especially 
lemons or lemon peel) and acid 


nmdics arc frequent offenders, 
1‘ lour ides are helpful, 

Dr. Gribble will be relieved to hour 
that there have been no reports that 
the acids in wines are particularly 
erosive to the teeth, In general, add 
sinut ions, because of rapid clearance 
from the mouth, are less damaging 
than acids in fruits and candies 

which ding to (lie teeth. 


Life on other planets? 

To the Editors: 

In his paper on “The Prevalence 
Liirthlike Planets’' (Am, $vi, t* 
*'Et oil, November 19 ?!)!, W. G, h, 
hirtl uses an ingenious line of rei 
swing which lends him to the m 
eliMiim that there are between oi 
and 100 Kart Mike planets withi 
1,000 light-years from Kart li. Bel he 
states that the fraction of such iuh; 
bjtahle planets with a hominid p,»i 
uifttmn cannot he evaluated, heeme 
hmwt of the decisive events, M if 
history ni life or human history b,i\ 

























The Search Committee for Sigma Xi, The Scientific Research Society, 
invites.nominatioijs and applications for the position of Executive Duet- 
tor with duties to commence 1 July 1981. 

As chief operating officer of the Society, the Executive Director is te- 
sponsible for implementing the policies established by the Annual Assent- 
bly of Delegates, the Board of Directors and its Executive Committee. 
Direct responsibilities include: 

• Administration of the national headquarters office. 

• Maintaining, recruiting, training, and providing direction for ap¬ 
proximately 35 staff members, , 

• Assisting the officers, directors, and committee chairmen in ful¬ 
filling their various functions, 

• Supervising and controlling, under the direction of the Treasurer 
and appropriate committees, the Society's finances, investments, 
and properties. 

• Serving as publisher of A merican Scientist . 

The preferred candidate will be a Member of Sigma Xi whose efforts on 
behalf of the Society and abilities as a scientist are recognized by the scien¬ 
tific community. This person must be able to work effectively with peers 
and subordinates to develop an efficient support organization, 
Qualifications should include senior-level administrative experience, 
the ability to work within established budgets, an understanding of finance 
and investments, a knowledge ol computer capabilities and limitations, 
and some background in publishing a scholarly or technical journal, 

The successful candidate must be capable of encouraging ami building 
membership in the Society through personal contact with the scientific: 
community, students and faculty at colleges and universities, and through 
speeches to appropriate groups, The person selected will assist in lor- 
mulating new policies for the Society, work with other professional seien- 
tific organizations to encourage high-quality scientific research, and 
provide vigorous leadership which will enhance Sigma Xi s position and 
reputation in the scientific community and in society. 

Salary and perquisites, in the range of those lor top-level academic and 
research administrators, will be commensurate with the duties and respon¬ 
sibilities of the position and the 'qualifications and experience of the in¬ 
dividual selected. Applications and nominations should include a resume' 
of professional experience together with a salary history, a current cur¬ 
riculum,vitae,, a statement outlining reasons why the position of Exec¬ 
utive Director is of interest, and the names and telephone numbers of 
three references. ' 

. This material should be directed to the attention of 
'■ Corel I 3 . Haskins 

Chairman, Executive Director Search Committee 
•■Signni Xi, The'Scii’ttiific.Reseafth Society' 

■% r > Whitney Avenue 
New Haven, CTWtill 

The Search Committee will begin the selection process on 1 September 
1980 with the expectation that the selection of the new Executive Director 
will be made between 15 February and 15 April 1981, 


Sigma Xi is an equal opportunity employer. 


ail a priori probability of zero.” The 
generally held conviction that there ! 
must be other forms of intelligent life 
“must be sought outside the domain 
of science.” 

While this is true, it is worth ex- ;■ 
ploring whence our preference for the 
existence of other forms of intelligent 
life arises. Selecting a homely exam- 
pie, even in the absence of experi- J 
mental evidence, the Copernican or f 
Cartesian systems would be intel- \ 
lectually more satisfying than the j 

Ptolemaic system. More generally, j 

the concept that we, our planet, solar 
system, or galaxy occupy a uniquely 
privileged position' in the universe is 
contrary to our intuition. This is 
precisely what we would have to 
postulate if we assume that in l()-° 
solar systems, ours is the only planet : 
where intelligent life has developed. 

Now it has been shown repeatedly / 
that, in physics, an aesthetically ap- ; 
pealing theory tends to be correct 

h 

Returning to Dr. Pollard’s theme, i 
it is interesting to note that the in- : 
tellectually unsatisfactory.quality of ; 
a cosmology attributing a singular T 
nature to humanity is invoked by j. ; - 
Fontenelle ( 2 ) as early as 1686 in § 
propounding the multiplicity of in- in¬ 
telligent life throughout the universe. ; 
In fact, in his urge to escape the , 
Earthling’s provincialism as well as to : 
placate the Church, Fontenelle em- D 
phasized that intelligent inhabitants / 
of other planets are not Adam’s de- j 
scendants and therefore do not have ; 
human form. Dr. Pollard’s conclusion : 
that the emergence of “hominids” has 
an a priori zero probability is in ; 
agreement with Fontenelle’s (and my ■ 
own) line of reasoning, provided ; 
“hominid” is not taken to be synon- • 
ymous with intelligent being. 

Dr. Miguel C. Junger 
90 Fletcher Road 
Belmont, MA 02178 

j, Sw>, mint recently, A. Chandrasekhar, “Beauty and ’ 
tin. Quest Inr Be’mity in Science," Physics Today, , 
July l!)7!l. 

2. B. he B. (In Eimtenello, Entrelienssurla Pluralile - 
,ln Minnies («.(?. Clarcndan Press, Oxfurd. j 

im i 


To the Editors: 

1 have read with very great interest 
the article by Dr. Pollard on the 
prevalence of ‘'Earthlike planets. 
His estimate appears to me (as an 
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bring outer space into your home or office 
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3'x2' FULL COLOR NASA SPACE PHOTOS 

NASA's Most Beautiful Scenes from Space now available 
as large, titled, Full-Color Prints. Bring your home and 
office into the space age with these striking "windows 
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What’s So Funny about Science? 

Cartoons by Sidney Harris 
from American Scientist 


B “What’s so funny about science? Sid¬ 
ney Harris, that's what. Laugh at his 
cartoons and you demonstrate two 
things: (1) you’ve got a sense of 
humor, and (2) you’re intelligent.’’ 

-Isaac Asimou 

Order now.... the perfect gift for a 
scientist... or for yourself. 

Special price for Sigma Xi members 
and American Scientist subscribers 
only: 

$7.25 hardbound 
$3.50 paperback 

_ Payment must accompany all orders. 

Wm. Kailfmann, Inc., 120 p., 6x9” Pb* include SOC for shipping and 
ISBN 0-913232-394 handling. Connecticut residents add 7 o 

sales tax. 

Send orders to: American Scientist 
345 Whitney Avenue 
New Haven, CT 06511 


interested amateur) to be the lowest 
yet made using conventional ideas 
about formation of planetary systems: 
he claims'that the number of 
“Earthlike” planets in the galaxy may 
be as low as 1 for every 10 7 stars, or 
between 10,000 and 20,000 “Earth¬ 
like” planets. 

While it would be unreal to take 
very strong issue with Dr. Pollard’s 
estimate, one element of it seems to¬ 
tally unsupported, and I would 
therefore like to read his explanation 
of and'justification for it, I refer to his 
estimate that between 1 in 200 and 1 
in 5,000 (otherwise suitable) solar 
. systems will have a planet of the cor¬ 
rect mass, spin angular velocity (i.e. 

; day length), and orbital parameters to 
produce an “Earthlike” planet. The 
trouble with this estimate, of course, 
is that these factors are. unlikely to 
vary independently, nor would all 
possible combinations occur with 
equal probability. An estimate made 
on the assumption that they do may 
therefore be seriously in error. 

If we consider the solar system, we 


find 3 out of every 9 planets with ec¬ 
centricities less than .02,6 out of 9 
planets with axial tilt less than 30°, 
and 2 out of 4 inner planets (Earth 
and Mars) with day length very close 
to that of Earth. Estimates of the 
probability that a planet with correct 
orbital distance and mass will exist 
are much harder. However, we ob¬ 
serve that 2 out of 4 inner planets 
have mass close to that of Earth; if we 
suppose that the probability of one 
planet within an orbital distance of .5 
a.u. to 1.5 is 1, we find that the prob¬ 
ability of a planet within the correct 
range is ,06. Putting all of these esti¬ 
mates together, we get an estimate of 
about .003, or 3 planets in every 1,000. 
Since these parameters are unlikely 
to be independent, this figure is more 
likely to be an underestimate than 
not. In any case, we have about 1 in 
300 planets, just below Dr. Pollard’s 
“high” estimate, or about 1 million 
“Earthlike”.planets in the galaxy. 

Bond and Martin (Jour. British 
Interplanetary Sac. 31:411-15,1978) 
used a computer simulation of the 


formation of planets to obtain an es¬ 
timate of over 1 million “Earthlike” 
planets in the galaxy. They admit 
that their simulation may be faulty; 
however, it is an attempt to control 
for the likelihood that none of these 
parameters will vary independently 
or be equally likely to occur. 

The interest of these calculations 
is that if there were any other intel¬ 
ligent species in the galaxy, we would ( 
probably have become aware of their j 
existence long ago. They may there-; 
fore provide a constraint on our the- j 
ories of planetary formation and the j 
history of the Earth. In this respect, j 
1 million or even 500,000 “Earthlike” 1 
planets in the galaxy verges on being j 
uncomfortably large. Dr. Pollard, of 
course, may not share this discomfort; 
in any case, I would like very much to 
hear his explanation of this part of his 
estimate. 

Thomas Donaldson 
Department of Pure Mathematics j 
The Australian National University 
Canberra ACT 2600 : 1; : 
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Dr. Pollard replies: 

In response to Dr. Junger, although 
intuitively we sense that there ought 
to be many solar systems, a strong 
case can be made that only 10- r > to 
10 7 could have a planet satisfying 
the minimum physical environment 
tor life. But whether such a planet will 
develop life and especially whether it 
will lead to intelligent beings is not 
knowable. 

Thus, out of 10 2 ° stars, some 10 13 to 

10 5 could provide a suitable envi¬ 
ronment, but fewer than this, by an 
unknown factor, might have devel¬ 
oped-some form of life. All we know, 
as I pointed out in my article, is that 
the life forms that developed on what 

I have called “Planet A” (Australia 

and Antarctica) and “Planet S” 
(South America) were not headed for 
intelligence. 

Dr. Donaldson’s thoughtful letter 
is an example of the way one’s con¬ 
victions can make considerable dif¬ 
ferences in one’s estimates of proba¬ 
bilities in this highly speculative field. 
He is probably correct in assuming 


that tilt, spin, and eccentricity are 
unlikely to be independent. But the 
number of cases our solar system 

provides is much too small to tell_ 

without a theory of the formation of 
the system, which we do not have. 

I have supposed planets to be 
tormed with equal probability from 0 
to 3 a.u,-so that the chance of 
forming one in the habitable range is 
.02—and then allowed 50% for ade¬ 
quate mass and 50% for the right 
combination of tilt, spin, andeccen- 
tricrty, This gives a probability 1/ 

But there is probably no basis for 
tins type of calculation. For example, 
it Bede's law has any theoretical 
basis, then the chance of an Earthlike 
planet around a star of even slightly 
more or less mass than the sun is 
zero. 

I cannot defend my choice of 1/200 
and 1/5,000 except to say that I think 
it unlikely that more than this nura- 
ber of i solar systems would have 
Earthlike planets but that some 

number above the lower limit would 


certainly have them. Until we have a 
theory of the formation of the solar 
system, as I say in the article, it is 
probably fruitless to try to sav 


To the Editors: 

In my article “Hidden Symmetries 
m Dynamical Systems” ’(Am, Sri 
67:689-95, November 1979), the fol¬ 
lowing errors appeared: On p, 690, in 
the last formula, “cos 2 ” should lie 
coslr," On p, 692, in the second for¬ 
mula, "(d/dxtyti' should he “(d/ 
dxH" And on p. 694, in the caption 
to h igure 3, “left” and “right” should 
be interchanged. 

Jurgen Moser 

Courant Institute of Mathematical 
Sciences 

New York University 

































Sigma Xi News 



Search for new Executive 
Director 

With the approaching retirement, on or 
about 30 June 1981, of Executive Direc¬ 
tor Thomas T, Holme, the Executive 
Committee of the Board of Directors, on 
4 May 1979, adopted the following 
schedule for completion of the necessary 
steps pursuant to finding that one re¬ 
placement who wiH serve best the inter¬ 
ests of Sigma Xi. 

15 Feb. Search Committee formed 

1980 

15 March Announcement in American 
1980 Scientist and other media 
15 March Receipt of nominations and 
1980 on applications 

: 1 Sept. Beginning of selection 

1980 process by Search 
Committee 

15 Feb.- Selection of new Executive 

15 April Director by Sigma Xi 

1981 Board of Directors 

1 Juiy New Executive Director 

1981 assumes responsibilities 

Recognizing that basic and essential to 
the search for the Society's new Execu¬ 
tive Director would be a description of 
the position which would both explicitly 
and implicitly set forth the abilities and 
qualities necessary in the one chosen to 
fill the position, the Executive Committee 
two years ago prepared the following. 

Guidelines for selection 

The Executive Director of Sigma XI 
should be a member of the Society and a 
person of standing In the scientific com¬ 
munity who has both executive and pro¬ 
motional abilities, The person should 
have demonstrated dedication to Sigma 
Xi, the charisma needed for leadership In 
a membership organization, and the abili¬ 
ty to get along with the individualistic per¬ 
sonalities encountered In the scientific 
community. A record of experience in di¬ 
recting an office staff, working within 
budgetary limitations, awareness of the 
uses and limitations of computers, some 
background in publishing a scholastic or 
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technical journal, and the handling of fi¬ 
nances and investments would be help¬ 
ful. The person should have the ability to 
delegate to, and maximize the usefulness 
of, administrative assistants, staff per¬ 
sonnel, and resource persons, including 
maintaining, recruiting, and training an 
effective support organization, in order to 
allow the Director to spend time away 
from the national office promoting the 
health of the Society's chapters and 
clubs. 

1. Executive abilities (for the administra¬ 
tion of the Society’s affairs). Capable of 
functioning as the chief operating officer 
of the Society in carrying out the policies 
established by the Annual Assembly of 
Delegates Meeting, the Board of Direc¬ 
tors, and its Executive Committee, in¬ 
cluding: 

a. Directing administration of the na¬ 
tional headquarters office and staff. 

b. Cooperating with and assisting the 
officers, directors, and committee 
chairmen in fulfilling their several 
functions (without denigrating the Ex¬ 
ecutive Director’s position or responsi¬ 
bilities). 

c. Supervising and controlling, under 
the overall direction of the Treasurer 
and appropriate committees, the Soci¬ 
ety's finances, investments, and prop¬ 
erties. 

d. Serving as publisher of American 
Scientist. 

2. Promotional abilities (for the health of 
the Society). Capable of encouraging the 
growth of the Society’s membership and 
the health of Its chapters and clubs by 
personal contact with the scientific com¬ 
munity, including particularly students 
and faculty In the academic world and 
scientists and engineers In research cen¬ 
ters (industrial, governmental, and other), 
and by projecting within the scientific 
community through speeches and writ¬ 
ings the Importance of membership In 
the Society, 

3. Development abilities (for the future 
of the Society), Capable of imaginative 
participation In the formulation of new 
policies, of maintaining a general aware¬ 
ness of trends In, and the direction of, 
scientific research, and of cooperating 
with other professional scientific organi¬ 
zations, governmental units, and the busi¬ 
ness community to further the role of the 
Society, to assist the Society in its goal 
of encouraging high-quality scientific re¬ 
search, and to enhance its position and 
reputation in the scientific community 
and in the interdisciplinary relationships 


of the sciences and of science and so¬ 
ciety. 

President Melvin Kranzberg on 15 Febru¬ 
ary 1980 announced the appointment of 
the following Search Committee: 

Philip H. Abelson 
Frank C. Croxton 
M. Patricia Faber 
Lawrence Kushner 
Frederick C. Lindvall 
John W. Prados 

John I. Ely, Consultant 
Caryl P. Haskins, Chairman 

Nominations and applications should be 
sent to Dr. Haskins at Sigma Xi, 345 
Whitney Ave., New Haven, CT 06511. 
C.P.H. 


Procter Prize nominations 

On 11 October 1980 Sigma Xi will for the 
31st consecutive year award the Procter 
Prize to a scientist or engineer in recog¬ 
nition of notable accomplishments In re¬ 
search or administration of research. 

This award was initiated in 1950 by 
RESA, the Scientific Research Society of 
America, in memory of Dr. William Proc¬ 
ter, whose interest and contributions 
were of major support to RESA at its 
founding in 1947. 


The Board of Directors of Sigma XI on 22 § 
October 1979 upon recommendation of | 
the 1979 Procter Prize Committee Chair- . 
man, Dr. Lawrence Kushner, voted to in- f 
traduce a number of changes designed to | 
underscore the Importance Sigma Xi at- j 
taches to this award. Among the changes | 
the principal one has to do with the na- j 
ture of the prize itself. | 

■ . . , ' , : : | 
From its inception through 1979, the | 
award has consisted of a certificate and J 
a check for $1,000. Commencing In j 
1980 the amount of the award will be in-. f 
creased to $2,000 and, in addition, the J; 
recipient will have the opportunity to ties- j 
Ignate someone to receive a Grant-in-Aid | 
of Research of a like amount, $2,000, Al-1: 
though not specifically stated, it is ex- | 


pected that the one chosen to receive { 
the grant will be someone who has Just: | 


entered or is about to enter the field rep¬ 
resented by the Procter Prize recipient. 

The Committee on Award of the Procter 
Prize for 1 980, which consists of Law¬ 
rence M. Kushner, J. Forbes McClellan, I 
Thomas H. Goodgame, Ronald E. Stack- -j 
er, Frederick W. Crawford, and John W. i 
Prados, Chairman, invites nominations j 
from members of the Society, as well as I 
from chapters and clubs, The Committee j 


asks that a nomination be supported by 
such materials as will fully characterize 
the individual and the achievements that 
merit this high recognition. The Commit¬ 
tee will be particularly interested in re¬ 
ceiving information which will establish 
that the nominee “has conducted original 
research sufficiently significant to have 
received peer group recognition and has 
demonstrated ability to communicate that 
research outside of his or her discipline 
or to the public." 


3. Because industrialized nations can af¬ 
ford to have a larger proportion of their 
populations engaged in education and in 
research than less-developed countries, 
the “knowledge gap" tends to increase. 
The less-developed countries need aid 
through strengthened universities, indige¬ 
nous technical societies, and overseas 
branches of U.S. societies to improve 
access to the world's public store of 
knowledge, proprietary information not 
being involved. 


Nominations should be addressed to the 
attention of the Committee on Award of 
the Procter Prize at the Society’s Nation¬ 
al Headquarters. 

Insurance dividend 

The dividend on Sigma Xi’s group life in¬ 
surance program available to members 
this past year (policy year ending 31 May 
1979) was $85,549.01. This, compared 
to approximately $35,000 for the previ¬ 
ous year, reflects the steadily Improving 
experience. 

T.T.H. 

Future of the International 
Chapter 

The United Nations Conference on 
Science and Technology for Develop¬ 
ment was held in Vienna In August 1979. 
As preparation for that important confer¬ 
ence the U.S. government sponsored 
several study groups. One such work¬ 
shop meeting, 20-21 May 1979, ar¬ 
ranged by the AAAS, produced a lengthy 
Proceedings that offers guidance as to 
the possible contributions of scientific 
and technical societies to worldwide de¬ 
velopment. The following suggestions 
have been abstracted by the Committee 
on International Membership from the 
Proceedings as having application to 
present and future Branches of the Inter¬ 
national Chapter of Sigma XI. Four points 
are of great importance, 


4. Scientific and technical knowledge of 
a public nature seems to be the least 
controversial and most readily exportable 
commodity that we have to offer the sci¬ 
entific international community. The con¬ 
tinuing influx of graduate students from 
overseas, their association with U.S, uni¬ 
versities having chapters of Sigma Xi, 
and their return to their homelands 
where, we hope, Branch activities may 
be available for their participation will 
place Sigma Xi at both ends of this im¬ 
portant international flow of growing sci¬ 
entific intelligence. 

Possible Branch services 

1. Branch contacts with overseas stu¬ 
dents in their homelands for orientation 
purposes before migration to the United 
States, followed by contacts related to 
employment and professional growth 
upon or before their return, could be a 
powerful counter Influence to the attrac¬ 
tions that have led to the "brain drain" 
from the less-industrialized countries. 

2. Branches can arrange with U.S. agen¬ 
cies (and those of other Industrialized 
countries) to match the availability of 
traveling scientists with the scheduling of 
local programs of lectures and group dis¬ 
cussions. 

3. A Branch may act as a catalyzer by 
calling attention to a problem or special 
need and by contact with sources of ap- 
plicable public information, 


1 . It is clear that technical societies sel¬ 
dom can produce physical developments 
directly. They function primarily as Infor¬ 
mation-exchange agencies through publi¬ 
cations, committee meetings, lectures, 
workshops, forums, and conferences,' 
large and small, 

2. The low state of technical libraries In 
many areas of the world and the dearth 
of supportive data banks and technologi¬ 
cally equipped information centers pro¬ 
vide an opportunity for assistance leading 
to greater technical literacy of the related 
publics. 


4, A Branch may encourage or contrib¬ 
ute to a two-way flow of knowledge, 
which doubles its value, In contrast to an 
equal exchange of commodities where 
loss nullifies gain. 

5, Branch activity can include honoring 
Important local achievers, particularly in 
the area of R and D, thus enhancing visi¬ 
bility of the group, 

6, Branches can bring new overseas 

members Into Sigma Xi through the open 

road of nomination followed by election 
to the International Chapter. 


An example of rapid tmn .miv.kisi of 
knowledge has been observed in the 
area of plant physiology. Some I’h % of 
tin? membership of the American Sedely 
of Plant Physiologists reside outside the 
U.S. and one-half of subscription:, to 
Plant Physiology are shipped ovomens 
each month, I! In reasonable fa anticipate 
that American Sciential will grow intern,> 
{tonally in its interests and influence, In 
fact, Amman Stmtint should have a 
major role ter play in Sigma x*’s interna¬ 
tional growth, 

The international activities of the institute 
of Electrical and Electronic ttopeers am 
the most extensive for any field of engi- 
nearing, Of its large membership, some 
16% are organized In 08 non-US, sec¬ 
tions. The IbiT, organization is inherently 
transnational, four of its director*;; being 
elected from outside the g,8. At some to 
turn time it is possible that Sigma Xi may 
wish to consider a mom flexible and no. 
live international role munlring transna¬ 
tional governance, 

As to the governmental emphasis and 
prefect support, the most prestigious or¬ 
ganization in international science \% ire* 
International Council of Scientific Unions, 
supported in part try the National Science 
Foundation, Thorn is a proposal ,n Con- 
gross to activate a now institute for 
Technical Cooperation that would take 
over from Alt) the collaborative planning 
and R and D functions. In the tight of 
growth in international tensions, it is an¬ 
ticipated that support far ifiiernattonnt ad¬ 
visory services may bo more readily 
available in future years, 

it continues to seem that technical, sd- 

■ entitle, and research societies, including 
Sigma Xi, will be privileged to render in¬ 
ternational service of increasing impor¬ 
tance. Through overseas groups mp 
nizsd as technical society, sections, 

■ branches, chapters, or .whatever, the sci-' 
aoilfic training that some members reive 
received in the U.S,. or other Industrial* 
i»d nations, can he interrelated with 
other members’ experience with local 
conditions to achieve better under¬ 
standing-of how to match priority Ms 
with practical, technotoglcni anluitons. 

Such wifi Inevitably occur simply through 
informal discussions at Branch menting*. 
Thus as catalysts the Branches of the In¬ 
ternational Chapter o( Sigma Xi may en< 
fiance the availability of useful public 
knowledge worldwide, 

Linton Grinter, Chairman 
Committee on International Memtremh© 








Fumiko Ikawa-Smith 


Current Issues in Japanese 
Archaeology 

New data indicate surprisingly early dates for the 
first settlement of Japan and for the emergence of 
pottery, of cultivation, and of the patterns of 
traditional Japanese society 


An archaeological visitor to Japan is 
struck by the intensity of archaeolo¬ 
gical activities there and the degree of 
public interest in them, The Japanese 
archipelago, intensely occupied for 
thousands of years, abounds in ar¬ 
chaeological sites, even after genera¬ 
tions of farmers and builders have 
destroyed a large number of those 
that were not obliterated through 
erosion, land movement, and chemi¬ 
cal and bacterial action. The total 
area of the archipelago, including 
mountaintops and river bottoms, is 
approximately 369,000 km 2 , and the 
number of places where material re¬ 
mains and other evidence of past 
human activities are known to exist or 

to have existed below ground surface 

is estimated to be about 300,000. This 
yields one archaeological site for every 
1.23 km 2 , but these sites are actually 
concentrated in 40% of the total area, 
the same 40% most favored by the 
present occupants. Thus, a new sub¬ 
urban development in the Tama area 
west of Tokyo encountered 17 ar¬ 
chaeological sites per km 2 , and in the 
Kohoku area of Yokohama, the rate 
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scholars in nontechnical language, are j 
found in bookstores all over Japan. 
Major archaeological news, such as g 
the deciphering in September 1978 of • 
the 115 characters engraved on an f 
iron sword recovered from an early j 
sixth-century burial mound in Sai- | 
tama Prefecture, or the discovery in ; 
Nara City in January 1979 of the t 
grave of Oo-no-Yasumaro, a historical j 
figure familiar to every schoolchild, | 
merit front-page banner headlines in . 
national dailies. After decades of 
rapid economic growth and modern¬ 
ization, the country has turned its 
enthusiastic attention to its past 1 
history, creating a climate ip which [■ 
corporations are compelled to provide | 
for thorough investigation of ar- [ 
chaeological sites that are threatened [ 
by economic growth. I 


was 19 sites per km 2 (T, Kobayashi 
1977a). 

Archaeological sites whose destruc¬ 
tion cannot be avoided are, by law, 
investigated before highways, air¬ 
ports, factories, and apartment blocks 
are built, Therefore, some 7,000 
“emergency excavations” took place 
'during. 1977-78, the costs shared by 
the government and whomever is re- 
; sponsible for the destruction—public 
agency, highway authority, or private 
company. In addition, 100 or so “ac¬ 
ademic excavations” have been con¬ 
ducted every year for the past few 
decades. All excavation results are 
published remarkably quickly. 

In addition to thousands of technical 
reports, thousands of popular books 
on Japanese archaeology are pub¬ 
lished every year, and Japan’s highly 
literate public appears to devour 
them, Accounts of new investigations 
and new interpretations of old finds, 
written by both eminent and aspiring 


References to the natives who in- I 
habited what appears to be the Jap- I 
anese archipelago occur in Chinese I 
records from the third century. The | 
earliest is in the History of the I 
Kingdom of Wei, compiled about A.D. J 
297, followed by the History of the J 
Later Han Dynasty (c. A.D. 445), 
History of the Liu Sung Dynasty (c. | 
A.D. 513), and History of the Sui I 
Dynasty (c. A.D. 6 30). The Wei ac- f 
counts may be called rather good ? 
ethnographic records, but all the 
others are cursory, suggesting the 
small interest these islands held for 
the early Chinese rulers. An official 
Japanese history, Nihonshoki, was 
compiled in Japan in A.D. 720, pre- , 
ceded by the recording of oral tradi- 
tions called Kojiki, completed in A ; D. | 
712. Oo-no-Yasumaro is credited with f 
the latter work. Both begin with ere* \ 
ation myths and go on to describe 
activities of semidivine personages 
and events purported to have oC- 
rlurmp the reigns of incredibly 


long-lived “emperors.” Only about 
A.D. 600 do imperial life spans be¬ 
come credibly human and recorded 
personages perform rather mundane 
but plausible tasks. Events recorded 
in the Kojiki and Nihonshoki are 
probably reliable after this date, when 
the historic period of Japan begins. 
Before this, Japan’s prehistory is 
conventionally divided into four 
parts: Kofun, Yayoi, Jomon, and 
Paleolithic (Table 1). 

The most recent prehistoric period, 
the Kofun, is named after the ancient 
burial mounds that are the most 
spectacular archaeological remains of 
the time. Some kofuns are simple 
rounded mounds 10-20 m in diame¬ 
ter, but the most characteristic are 
keyhole shaped, a form unique to 
Japan. These are usually over 100 m 
long, with a few exceeding 300 m. 
They are graves of ancient chiefs and 


are richly furnished with iron swords, 
helmets, suits of armor, bronze mir¬ 
rors, and personal ornaments. Han- 
iwa —earthenware representations of 
humans, animals, boats, houses, and 
other subjects—were often placed on 
the mounds. 

The Yayoi period is named after a 
street in Tokyo where the pottery 
associated with the material remains 
of these wet-rice cultivators was first 
found. Yayoi farmers used both stone 
and iron tools and seem to have 
placed special importance on artifacts 
made of bronze, such as mirrors, bells, 
and weapons. 

The span from about 300 to 11,000 
B.C. is known as the Jomon period, 
because pottery from this period is 
often decorated with jomon (cord 
marks). It is customary to divide this 
period into subperiods (see Table 1). 
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There is much disagreement over 
where, and even whether, the first two 
subperiods should be separated; I 
prefer to treat the segment up to the 
appearance of ceramics decorated 
with cord-wrapped sticks—about 
9,500 years ago according to radio¬ 
carbon dates, or about 7500 B.C.— 
separately, as Incipient Jomon. 

The pre-Jomon times are sometimes 
referred to as just that, or as precer¬ 
amic, but I use the term Paleolithic, 
or Old Stone Age, as this is the term 
generally used for hunting-gathering 
cultures of the Pleistocene geological 
epoch in the Old World. 

The wealth of information provided 
by the excavation activities has 
stimulated the discussion of various 
issues regarding these different peri¬ 
ods. The debates range from the 
question of dating the beginning of 
the Paleolithic in Japan to problems 
of tracing the development of a uni¬ 
fied Japanese state in the Yayoi and 
Kofun. Examining some of these 
- questions will provide an overview of 
both what is known and what is not 
known about Japanese prehistory. 

The beginning of the 
Paleolithic 

i When did the Paleolithic period begin 
I in Japan? This is as controversial a 
| question as when the first peopling of 
the New World occurred, which R. S. 
MacNeish discussed earlier in this 
journal (“Early Man in the New 
World,” May-June 1976). Some ar¬ 
chaeologists believe that human oc¬ 
cupation of the Japanese archipelago 
began over 100,000 years ago; others 
believe that it did not begin until 
about 30,000 years ago; and still oth¬ 
ers, including myself, feel that 50,000 
is the reasonable figure. 

Until 1949, Japan during the Pleis¬ 
tocene was believed to have been to¬ 
tally uninhabited by human beings. 
Unlike northern Europe or North 
America, the Japanese archipelago 
was not glaciated except on high 
:; mountains. But since Pleistocene 
soils of Japan are often of volcanic 
origin, it was believed that Pleisto¬ 
cene Japan was characterized by 
7 : constant volcanic eruptions and that 
: ' falling ash and volcanic debris made 
it unfit for human and animal exis¬ 
tence. This bleak picture was drasti¬ 
cally changed after Tadahiro Aizawa, 
a young amateur archaeologist, ex¬ 


tracted some stone tools from a 
roadside exposure of a Pleistocene 
formation at Iwajuku (see Fig. 1), 
about 90 km northeast of Tokyo. 

An excavation in 1949 by a team of 
archaeologists from Meiji University 
verified that the tools were indeed 
contained in a Pleistocene deposit, in 
fact in several levels (Sugihara 1956). 
In the lowest level were several flakes 
of andesite, which were probably used 
for cutting and scraping, and two 
axelike tools, which the investigators 
first called hand-axes. Hand-axes are 
characteristic tools of the Lower and 
Middle Paleolithic in Africa, Europe, 
and parts of Asia, from about 
1,000,000 to 40,000 years ago. The 
tools from Iwajuku were then be¬ 
lieved to be of comparable antiquity. 
Radiocarbon and fission-track dates 
obtained on geological formations of 
the area since then, however, suggest 
that the hand-axes of Iwajuku are 
between 25,000 and 15,000 years 
old. 

In the thirty years since the Iwajuku 
discovery, stone tools and other evi¬ 
dence of human activity during the 
Pleistocene have been identified at 
more than 1,000 sites, from Okinawa 
in the south to Hokkaido in the north. 
More than 90% of these materials 
date between 30,000 and 10,000 years 
ago. There are, however, about 100 
sites that are said to have produced 
tools older than 30,000 years. These 
early assemblages, or groups of stone 
tools, are called Early Paleolithic in 
Japan and are still the subject of 
much debate among archaeolo¬ 
gists—a debate not unlike the debate 
over the evidence for the allegedly 
very early human occupation of the 
New World. The controversy centers 
on three points: (1) Are these speci¬ 
mens really artifacts made by human 
beings and not the products of natu¬ 
ral agency, such as water or mudflow? 
(2) Is the evidence for the alleged 
antiquity reliable? Is it based on tool 
typology, geological correlation, ra¬ 
diocarbon dating, or other chronom- 
etric methods? (3) Are the specimens 
found in good stratigraphic context? 
Do they really belong to the geologic 
formation to which they are attrib¬ 
uted? And, if physicochemicaliy 
dated samples are available, are they 
validly associated with the arti- 


The Hoshino site, northeast of Tokyo, 
is a controversial one. Here, Chosuke 


Serizawa of Tohoku University re- j; 
covered thousands of specimens, al- ; 
most all made of chert, from eleven j 
levels (Serizawa 1969). Seven of the 
eleven levels are below a thick deposit : 
of Hassaki pumice, a white pumice f 
radiocarbon-dated about 40,000 years j 
old. The carefully controlled method ; 
of excavation leaves no doubt as to i 
the stratigraphic contexts of these J 
chert specimens; what is controversial 7 
about them is their status as artifacts. ;■ 
Many archaeologists are reluctant to j 
accept that they were intentionally i 
manufactured by human beings, j 
Unfortunately, few bones survive the 7 
high acidity of volcanic soils in Japan, ; 
and none were found in association 1 
with the lithic specimens at Hoshino • 
to support the thesis that ancient l 
hunters camped in the area and 
fractured those chert pieces. 

A rather different kind of assemblage j 
had been recovered from Gongen- ; 
yama, in the same general area as 
Hoshino, in 1950, by the same ama- K 
teur archaeologist who discovered the ! 
Iwajuku site, and the materials were j 
described in German by J. Maringer r. 
(1956), who was then in Japan. The } 
assemblage included several heavy | 
bifacial tools, which could certainly be j 
called hand-axes, and flakes that ap- ' 
pear to have been produced by a sys¬ 
tematic method (Fig. 2). While there r 
is no question that these are products ■*. 
of human activity, the age of the . 
specimens remains in question. The ; 
discoverer believed that they were j 
found below the Hassaki pumice; if; 
so, the specimens must be older than j, 
40,000 years. But the artifacts were j 

hurriedly removed while the area was f 
being prepared for residential con-; 
struction, and since the archaeologi- f 
cal site of Gongenyama no longer ex-1 
ists, there is no way to verify the { 
stratigraphic context of these per* f 
fectly acceptable specimens. 

One of the better pieces of evidence A 
lor human occupation of Japan before! 
30,000 years ago comes from the: 
lowest level of Fukui Cave in northern j ; 
Kyushu. The recovered assemblage ii 
small, consisting of only two bifacial j: 
tools and several flakes of a rock 
called sanukite, but human work¬ 
manship of the specimen is indispu¬ 
table. The antiquity of the assem¬ 
blage is supported not only by the 
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from the later cultural levels, butaiso 
by one nonfinite radiocarbon date, 
which indicates that a piece of wood 


imbedded in the lowest level was 
older than 31,000 years (Kamaki and 
Serizawa 1967). 

Recently, hand-axes, cleavers, and 
other stone tools were found at Jon’- 
gok-ni, 50 km north of Seoul in South 
Korea (Whang 1979).Some Japanese 
archaeologists, including Chosuke 
Serizawa (who excavated Hoshino, 
Fukui, and a number of other Early 
Paleolithic sites), are collaborating 
with Korean colleagues in the inves¬ 
tigation of this potentially important 
site. An unequivocal demonstration 
that people were in South Korea, 
making hand-axes and other tools, at 
an early date would strengthen the 
case for the Early Paleolithic of 
Japan. 

Early tool-using hominids evolved in 
the tropics of the Old World some¬ 
time before two million years ago. By 
half a million years ago, if not earlier, 
a very successful species, Homo er- 
ectus, was fully established in tem¬ 
perate Europe and as far north as 
north China in Asia. The famous 
limestone fissures at Choukoutien, 
near Peking, have produced skeletal 
remains of more than 40 individuals, 
as well as thousands of stone tools and 
a large quantity of animal remains. 
For the following few hundred years, 
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culturally, but these hominids do not 
appear to have expanded their geo¬ 
graphical range significantly. One of 
the characteristics of Homo sapiens, 
whose presence after about 40,000 
years ago is securely dated in Europe 
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into a wider range of environments, 
including the Arctic and Subarctic 


racific, and eventually to the New 
World. Investigation of the Early 
Paleolithic of Japan is adding to our 
knowledge of hominid expansion in 


figure 2. I host; stone tools, recovertsl iroi 
uongenyamn in I Ml), may be some of the eld 
est artifacts from .Japan. On top are two view 
of a hand-axe; on the bottom are t hree views < 
u flake which appears to have lieeii struck im 
a core that had been awfully faceted to contr< 
the shape of the flake. Although (Jongenvami 
was nut fully investigated before its dostruc 
tarn, the stratigraphy suggested that these or 
tiiacts could he more than .ftl.Otll) years old 
(After Maringer IfJfifJ.) 


cene, when a huge amount of water 
accumulated on land in the form of 
ice and the sea level was lowered, the 
Japanese archipelago was often con¬ 
nected with the mainland of Asia, ei¬ 
ther in the south through the Korean 
peninsula or in the north through the 
islands of Hokkaido and Sakhalin. 


elephants and megacerine deer 
crossed over from the mainland from 
time to time, so it must have been 


possible for human beings to re 
the archipelago, even if they had 
means to cross a body of water. ()i 
recent findings from Australia sugj 
(White and O’Connell 1979), PI 
tocene man may have had a m 
elaborate marine technology than 
been imagined. 

The Late Paleolithic of Japan, i 
which the overwhelming majority 
known Pleistocene assemblages f 

is characterized by a variety of to 


making techniques and fool forms. 
Regularly shaped, parallel sided 
. pieces, called blades, were produced 
by several standardized methods, 
These in turn were made into a 
number ol tools with standardized 
forms, apparently lo perform .specific 
tasks mid to relied, the sense of group 
identity of the Inmtergatherers as 
well. Certain groups shaped I heir 
; tools by retouching stones on oue 
: surface only, while others made their 
projectile points by removing flakes 
; from both surfaces of a stone, pro¬ 
ducing regular, leaf-shaped forms, 
and later forms with a well-defined 
: stem. 

; Very thin, ribhmilike pieces called 
! microldades produced by several 
different methods appear about 
; iB.GOl) years ago. By Ibis time, Urn 
I climate was hemming warmer, and 
the vegetal ion and game animals 
available to the Pleistocene hunters 
. were changing, .Sea level rose, flooding 
; the low-lying areas, making the hab ¬ 
itable dry-land area smaller, and 
creating complicated shorelines, fn 
this context of feelmoingiral diversity 
and environmental change, pottery 
making begins in Japan, 

The earliest ceramics 

A second major issue in Japanese ar¬ 
chaeology emerges during the early 
Jotiioti period: did ceramics develop 
indigenously in Japan nr spread there 
from elsewhere? It was long assumed 
that ceramics diffused lo Japan from 
(‘lump and, based on a guessed dale 
tor the Chinese Neolithic, pottery. 
making in Japan was thought to have 
begun about 2500IU*. During the last 
decade, however, it has become clear 
that sophisticated painted pottery 
was being manufactured in agricul¬ 
tural villages in China as early ns-jiHK) 
H.c., not only in the Huimgdm basin, 
where the Neolithic way of life was 
assumed to have started, hut also 
along the coast biting t lie East China 
Hea. These Chinese villages appear to 
lie so well established that one sine 
peels there are antecedents, but this 
has not been demonstrated. And 
cord-marked pottery appears to have 
been made by hunter-fishers in South 
( hina and Indochina as early as the? 
ninth millennium b.<*. Radiocarbon 
datesof 8920 ft.f \ ± 240 and 8615* 
have been obtained for the 
Hsten-jen-tung site in the hinterland 
ot Kiangsi, where curd-marked pot¬ 
tery was produced, hut there appears 
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to be uncertainty,as to the strati¬ 
graphic context of the dated samples 
in relation to the corded ware (Chang 
1977). 

The earliest ceramics in Japan are not 
painted or cord-marked. They are 
well fired, and have strips or dots of 
clay applied to the outer surface just 
below the rim. One of the sites where 
this type of pottery was recovered 
with good stratigraphic contexts is 
Fukui Cave, which was mentioned in 
connection with the Early Paleolithic. 
Pottery first appears in the third level 
below the soil surface at the site and 
is dated to 10,750 B.C. ± 500 by the 
radiocarbon method—the earliest 
date for pottery anywhere in the 
world. At the Sempukuji site, also in 
northern Kyushu, linear-relief pot¬ 
tery similar to that found in Fukui 
Cave is preceded by pottery with 
discontinuous, dotlike relief. Ther¬ 
moluminescence dates for the lin¬ 
ear-relief level are about 10,190 to 
9380 B.C., but fission-track dating of 
associated obsidian flakes indicates 
7850 B.C, for the linear-relief level and 
8850 B.C. ± 450 for the dotlike relief 
level. At both sites, the early ceramics 
are associated with microblades de¬ 
tached from wedge-shaped cores. 

At Kamikuroiwa rock shelter in Shi¬ 
koku, rather similar pottery has been 
radiocarbon-dated to 10,215 B.C. ± 
600, but here it is associated not with 
microblades, but with bifacial points 
with stems. The linear-relief pottery 
has been found at some 30 other sites. 
Most of these are caves and rock 
shelters in the mountainous area of 
central Honshu, but several sites have 
been identified recently in the low¬ 
lands and low-lying hills in and 
around Tokyo. Bifacial points and 
partially ground axes are frequently 
associated with this type of pottery at 
Honshu sites. 

Ceramics thus appears to have been 
adopted by groups in Japan that had 
quite different traditions in the 
manufacture of other objects. It is 
associated with the tradition, found 
throughout Honshu and Shikoku, 
represented by projectile points made 
by bifacial flaking, and with the tra¬ 
dition, so far represented only in 
Kyushu, of microblades produced 
from wedge-shaped cores, which were 
probably attached to shafts made of 
organic materials and used as com¬ 
posite spearheads. We do not know, 
however, whether the ceramic tech¬ 


nology was invented in Japan or 
brought from an unknown place 
somewhere in eastern Asia. 

At Fukui Cave, pottery decorated 
with impressions of semicircular 
objects—perhaps the tips of finger¬ 
nails—occurs in the level above the 
linear-relief pottery and is radiocar¬ 
bon-dated to 10,450 B.C. ±350. This 
pottery is found at over 20 sites, many 
of which also produce linear-relief 
pottery, and it gives way to pottery 
with various impressions of cords. On 
pottery found in earlier levels, cord 
was simply pressed on the surface of 
the wet clay, but in later levels cord 
was rolled over the surface, and then 
cord was wrapped around a narrow 
stick that was rolled over the surface. 
This latter form of surface treatment, 
known in Japanese as yoriiio-mon, 
has been found at the Natsushima 
shell mound, southwest of Tokyo, 
where it is dated between 7500 ± 400 
and 7290 B.C. ± 500, and is restricted 
to the Kanto Plain, the lowland re¬ 
gion around Tokyo. Slightly later, 
pottery decorated with a pattern 
called oshigata-mon is quite wide¬ 
spread. This pattern was made by 
rolling an engraved rather than a 
wrapped stick over the wet surface of 
a vessel, creating a continuous geo¬ 
metric pattern. Oshigata-mon occurs 
above the nail-impressed ware at 
Fukui and is dated at Kishima site to 
6450 B.C. ± 350. Through this time, 
the types of pottery found in Japan 
are fairly uniform; later, pottery 
decoration becomes much more di¬ 
versified. 

Ceramic vessels make moisture-proof 
and, when used with suitable lids, 
pest-proof containers for storage. 
They also serve as fireproof cooking 
vessels. Paleolithic hunter-gatherers 
used fire for cooking for thousands of 
years, but, without fireproof cooking 
vessels, their cooking methods would 
have been restricted to open-fire 
broiling, earth-oven roasting, and 
boiling by dropping hot stones into 
food held in containers made of skin, 
bamboo, or wood. Fist-sized, fire- 
cracked stones found at many 
Paleolithic sites in Japan suggest that 
this method was widely used during 
Paleolithic times. With a ceramic pot, 
food could be boiled without handling 
red-hot stones, and it was possible to 
sustain a constant simmering tem¬ 
perature more easily, thus rendering 
certain foods more easily digestible or 
more palatable. 


The early pottery of Japan was cer¬ 
tainly used for cooking: the lower 
parts of pots often show evidence of 
having been placed in fire. One new 
resource that was processed in ce¬ 
ramic pots seems to have been shell¬ 
fish. At many Jomon sites shells begin 
to pile up in middens, and they fre¬ 
quently lack indication that they were 
forcibly opened. Instead of being 
shucked in the raw state, the shells 
were probably opened by steaming in 
pots. Leafy vegetables could be pro- 
cessed easily in a boiling pot and 
made acceptable to the human palate 
and health. Food not considered tasty 
by itself may become an acceptable 
addition to the diet when cooked in 
combination with other foods in a 
simmering pot. Ceramic vessels may 
have meant a culinary breakthrough 
that extended the range of usable re- 


Jomon subsistence 

Since Jomon people used not only \ 
pottery but also polished stone tools, ;. 
they are referred to as Neolithic. But f 
unlike the Neolithic subsistence > 
patterns in Europe and Mesopotam-1 
ia, which were based on agriculture I 
and herding, the Jomon subsistence i, 
pattern can best be described as a •. 
broad-spectrum utilization of wild | 
resources, with possible use of culti- r 
vated plants in some areas. In fact, U 
the degree to which cultivated plants ? 
were used during the Jomon is one of f; 
the most controversial issues in Jap- y 
anese archaeology today. 

jj; : 

In a short summary such as this, itis f, 
necessary to discuss the Jomon sub-) 
sistence system as a whole, as if it } 
were a homogeneous unit. But we are j 
actually dealing with a number of : 
different systems, which underwent ‘ 
change over more than 10,000 years, p 
The Japanese archipelago covers 
roughly the same latitudes as the, 
eastern seaboard of the United State;. 
(Soya Point, at the extreme north of f: 
Hokkaido, lies at 46°30 / N.andlr-j 
iomote, one of the southernmost oft: 
the Eyukyu Islands, lies at 24°20'N;j. 
Monticello, Maine, lies at 46 0 17 / N I | 
and Key West, Florida, at 24°36 , N)|; 
This great latitudinal range and the| 
complicated landforms of the moun- J 
tainous archipelago create an ex-| 
tremely diversified environment, yj: 

The names given to the six stages of | 
the Jomon (see Table 1) may enhance| 
the impression that there was a uni-Ip 


tied entity called Jomon culture 
which underwent unilinear develop¬ 
ment. The evidence suggests, how¬ 
ever, that there were actually several 
distinct cultures sharing a ceramic 
tradition called “Jomon.” Howells 
(1966) has shown that skulls from 
Jomon sites vary greatly, ancl 
Beardsley (1965) has suggested that 
regional Jomon groups may represent 
different ethnic groups, which may 
have spoken different languages, held 
different belief systems, and used 
different means of subsistence. Some 
cultural innovations spread rapidly, 
while others remained local phe¬ 
nomena. A comparable situation ex¬ 
isted in prehistoric times in eastern 
North America, where many separate 
tribes shared the Woodland Ceramic 
tradition. 

Shortly after the use of pottery be¬ 
came established in the major islands 
of the archipelago, stone-tipped ar¬ 
rows replaced spears as the major 
hunting weapon (Suzuki 1972). 
Hunting continued to be an impor¬ 
tant activity during the Jomon peri¬ 
od, providing meat, skins, furs, teeth, 
bones, and antlers. The most fre¬ 
quently hunted animals were deer 
and boar, but antelope, bear, racoon 
dog, fox, mountain cats, monkey, 
hare, marten, sable, and other small 
animals were also taken, as were some 
sea mammals and various birds. Boar 
and deer make up about 90% of the 
animal remains at most Jomon sites 
in Honshu, Shikoku, and Kyushu, 
and deer alone predominates in 
Hokkaido. According to Kaneko 
(1979), the butchering technique in¬ 
volved removal of the skin in one ! 
piece, followed by separation of the < 
jaw area and limbs. Limb bones and i 
skulls were carefully split to. reach the ; 
marrow and brains. Special care was 1 
taken in removing deer antlers, which < 
were then cut into segments as blanks s 
for tool-making. The antler pieces \ 
were often traded. The condition of s 
the antlers suggests to Kaneko that c 
deer was most frequently hunted 1 
during winter, when the animals f 
moved in large herds. » 


bon-dated to the latter half of the 
eighth millennium B.C., where bones 
of both inner-bay species, such as 
black sea bream and sea bass, and 
deep-sea species, such as tuna, boniln, 
and mackerel, are present (Sugihnra 
and Serizawa 1957). 

Jomon people left some 2,500 shell 
middens dotting the Inland Sea and 
Pacific coasts, Marine resources be¬ 
came increasingly important, 
throughout the Initial and Early 
Jomon, when postglacial marine 
transgression turned lowlands into 
shallow bays. (The coastline was lo¬ 
cated as much as 65 km inland on the 
Kanto Plain from the present coast¬ 
line at the height of the marine 
transgression.) The variety of fish 
species represented at the early 
Jomon sites suggests to Watanabe 
(1973) that during the first phases of 
the Jomon period, whatever was 
available was caught. During the 
Middle Jomon, when fishing became 
a well-established subsistence activ¬ 
ity, certain selected species were 
fished intensively. 


In contrast, shellfish were collected 
mostly in the spring, according to 
Koike’s (1979) study of daily growth 
lines of clams (Meterix lusoria) from 
shell mounds in the Tokyo area, Shell 
middens provide ideal preservation 
conditions for fragile fishbones and 
fishing gear made of bone and antler. 
The earliest fish hooks occur in the 


Fishing also diversified by area during 
the middle Jomon: groups in the 
southern Kanto Plain concentrated 
on inner-bay fishing, for example, and 
deep-sea fishing was particularly ac¬ 
tive in the Sendai area on the Pacific 
coast of northern Honshu, where 
various types of harpoons were used 
on large migratory fish (bonito and 
tuna) and on sea mammals. The em¬ 
phasis on ocean-fishing continued on 
the northern Pacific coast through 
Late and Final Jomon, when a certain 
degree of. occupational specialization 
may have developed (Watanabe 
1975), Northern fisherman appear to 
have -concentrated their efforts on 
catching tuna and making salt from 
seawater, trading these commodities 
with other communities. The wide¬ 
spread contacts they maintained with 
other Jomon populations are evinced 
by the fact that ceramic jars and 
figurines done in the northern Hon¬ 
shu style are often found as far away 
as the Nara Basin. 

Although we often speak of Jomon 
people as hunter-fishers, their diet, 
like that of many preagricultural 
peoples, depended significantly on 
vegetable resources. Solid evidence 
for plant use by Jomon people has 
been hard to come by, however, owing 
to the vagaries of preservation. After 


iie Watanabe (1975) was able to list. ;17 
os taxa from 208 sites. But recently, a 
as flotation technique for separating 
id plant remains from soil in water has 
o, produced remarkable results, Craw 
:*a lord 11979) obtained remains of 
nearly 180 taxa through this tech¬ 
nique from only 5 sites in southwest 
13 ern Hokkaido, 
d 

e Plant remains from Jomtm sites in- 
it, elude various hard nuts .such as wal 
.v nuts, chestnuts, horse chestnuts, and 
e acorns; fleshy fruits such as grapes, 
o blackberry, and elderberry; aquatic 

- plants with edible seeds and tubers; 
a and several varieties of small seeds, 

- Crawford and bis colleagues (197.8) 
emphasize the apparent, importance 

1 ol small seeds in southwestern 1 ink- 
! kaido, but at Jomon sites in the 
‘ southern islands by far the most frm 
1 quant items are nuts. Relat ively large, 
i hard-shelled nuts tend to survive 

* better and to be recovered more easily 
1 by traditional archaeological melh 
ods, but the fact that nuts are often 
found in storage pits and in pottery 
jars suggests the role that mils played 
in the life of Jomon people. 

Nearly 80% of the 10,t)!)t) Jomon sties 
are on Honshu north of Nagoya, 
where deciduous broadleaved trees 
such as walnut, chestnut, horse 
chestnut, and several aperies of oak 
abound. Watanabe (1975) notes that 
acorns from evergreen oak trees of 
southwestern Japan do not require 
leaching, whereas those from derkb 
nous oaks need to be soaked, and 
horse chestnuts must he treated with 
water mixed with ash before they are 
eaten. Comparing the techniques.si ill 
remembered In mountain villages 
with ai'chaeologiealiy recovered arli 
(acts, Watanabe behoves that me!In 
»ds of processing horse chest nuts and 
acorns from deciduous oaks were 
available fn northeastern Honshu by 
the end of the early Jomon. It was 
about this time that fishing was be¬ 
coming selective on the Pacific (mast 
oi eastern Honshu, Utilization of local 
environments thus seems Ut have 
been well evolved, particularly in 
eastern Honshu, by about •ItltlD H.r, 

It was also during t he Early ,J„ rntm 
that substantial dwellings*in large 
clusters first appeared. At the begin- 
n >ng of the Jomon period, natural 
caves and ruck shelters were used 

During Initial Jomon, pit houses be¬ 
came common, and during Early and 





















Middle Jomon these houses came to 
be carefully constructed, with large 
postholes dug deep into the ground, 
suggesting houses that were intended 
to be used for some length of time. 
They are often equipped with elabo¬ 
rately made hearths, some embel¬ 
lished with features that suggest rit¬ 
ual symbolism, such as large stone 
cylinders embedded at the corners of 
a stone-lined hearth. Other indica¬ 
tions of rituals are figurines, which are 
particularly numerous in the central 
mountainous area and in northeast¬ 
ern Honshu, through the Middle, 
Late, and Pinal Jomon, Some of the 
ceramic vessels also suggest ritual 
rather than utilitarian use. Various 
personal ornaments of stone, clay, 
bone, antler, and shell were made, 
and, lacquer was used on vessels and 
combs. 

Stone circles appear sporadically 
from the latter part of Early Jomon to 
the end of the Jomon period in east¬ 
ern Honshu and Hokkaido. They are 


made of boulders about 1 m high and 
50 cm wide, placed upright in a circle 
about 2 m in diameter or placed flat 
on the ground radiating from one 
upright stone. Two of this latter kind 
are found at Oyu in Akita Prefecture. 
The stones used at Oyu appear to 
have been transported over a distance 
of about 120 km. Like Stonehenge in 
England, these structures may have 
had astronomical significance. 

Some archaeologists think that 
Jomon people were able to maintain 
stable settlements and find time to 
manufacture elaborate pottery ves¬ 
sels (Fig. 3), lacquer wares, figurines, 
and ornaments and to engage in 
complex ritual activities by means of 
an economy based on seasonally reg¬ 
ulated hunting, fishing, and gathering 
activities (e.g. T. Kobayashi 1977b). 
Others believe that these people must 
have supplemented their diet with 
food derived from some form of cul¬ 
tivation, such as management of 
nut-bearing trees or cultivation of 


Figure 3. Jomon pottery became very diversi¬ 
fied in both shape and design motif by about 
SDUO B.o. This elaborately decorated jar (59.fi 
cm high) is characteristic of ritual vessels of the 
middle Jomon from the central mountainous 
area of Japan, where substantial houses and 
rich artifacts indicate a stable economy based 
on hunting, gathering, and possibly some ag¬ 
riculture. (All photos courtesy of the Tokyo 
National Museum.) 


Figure 4. This red-painted jar Oil cm high) 
decorated with incisions made with a dentate 
tool is characteristic of the late Yayoi in the 
Nagoya area. Pottery made by the rice farmers 
of the Yayoi has clean lines that contrast with 
the ornate pottery of the preceding Jomon 
period. 


root crops such as taro. Until recently, f 
no direct evidence for plant hus- f 
bandry was available, other than the j 
observation that some of the chest- j 
nuts recovered from Jomon sites are { 
much larger than wild chestnuts and f 
could have come from trees under j 
“semicultivation” (Watanabe 1975). ) 

In 1974 a reseach team led by William | 
Hurley recovered one grain of buck-1 
wheat among 344 grain seeds sepa-j 
rated by the flotation technique out | 
of 500 1 of soil at the Early Jomon | 
Hamanasuno site, in southwestern f 
Hokkaido {Crawford et al. 1978). In | 
succeeding seasons, this group of I 
workers, joined by a team led by Peter | 
Bleed, was able to recover an even I 
greater number of plant remains from, f 
sites in the same general area, but no 1 
more buckwheat was discovered.! 
Pollen analysis has not yet confirmed | 
the presence of cultigens in the area § 
in the Early Jomon (Davis 1979). | 

Carbonized lumps of small seed J 
grains have been recovered from (■ 
several sites in the mountainous area | 
of central Honshu. The grains m l 
often reported as “millet” (Japanese I; 
am), but precise identification has| 
not yet been made (Esaka and Ka- :f- 
gawa 1978). Judging by the associated 
ceramics, the sites range in age from | 
the end of Early Jomon to theend ofl 
Middle Jomon. At one site, Uem- e 
aeone in Nagano Prefecture, which ; 
contains a cluster of more than 79 j 
house pits dating to Middle Jomon j 
(Hiraide 1978), carbonized lumps oft 
small grains were found beside i| 
hearth in one house pit and at thel 
bottom of a 67-cm-deep storage pit in| 
another dwelling. The mountainous! 
area of central Honshu, with its con|, 
centration of large Middle JoniwE. 
sites, extremely elaborate cerannig 


vessels and figurines, and quantities 
of rough stone tools that many ar¬ 
chaeologists believe were digging 
tools, has been the area on which 
much of the debate over Middle 
Jomon cultivation has been centered 
(Kidder 1968; Pearson and Pearson 
1978), This is also the area in which 
evidence for nut storage and pro¬ 
cessing is the strongest. It now seems 
that the complex technology for ren¬ 
dering horse chestnuts and decidu¬ 
ous-variety acorns edible may have 
begun about the same time as the 
cultivation of milletlike plants, as 
part of a general intensification of 
plant use. 

This dense occupation and general 
cultural florescence lasted only 
through the Middle Jomon in the 
mountains of central Honshu. Late 
and Final Jomon sites are rare in the 
area, Climatic cooling, well docu¬ 
mented in pollen records (Tsukada 
1966; Yasuda 1974), may have been 
one of the causal factors for the pop¬ 
ulation decline. Environmental de¬ 
terioration could have been acceler- 
ated by intensive exploitation caused 
by increasing population during 
Middle Jomon. Nagasaki (1977) 
noted that arable land may have be¬ 
come insufficient for the expanding 
population, that soil fertility may 
have' deteriorated from repeated 
cultivation, and that forest clearance 
for cultivation may have disturbed 
the ecological balance to the extent 
that hunting suffered. 

During the Late and Final Jomon, 1 
population centers shifted toward the i 
Pacific coast in eastern Honshu. One I 
thriving center was in the Sendai 1 
area, which has already been men- i 
tioned in connection with deep-sea 1 
fishing and salt-making. In northern r 



Kyushu, another pattern of intensive 
land use was developing, which defi¬ 
nitely included cultivation of rice and 
possibly barley, the mihi bean, mil¬ 
let, and cucurbits as well, Final 
Jomon pottery, with impressions of 
rice grains, has been reported from 
some dozen sites in northern Kyushu, 
and actual grains ol rice have been 
recovered from a few sites, such as 
IJki Kunden and Yamanodera. Until 
recently, many archaeologists be 
lieved that, the rice grains might have 
been acquired by Jomon survivors 
who lived side by side with Yayoi 
farmers of foreign origin, But recent 
reexcavations of the Early Yayoi It, 
®uke site reveal that below the Yayoi 
level is another rice paddy, which is 

associated with Final Jomon Yuusu- 

type pottery (Yamazaki 1979). In¬ 
tensive cultivation of rice in flooded 
liBlcls is the major characteristic of the 
Yayoi period, It now seems that the 
adaptive shift toward this intensive 
land use began in the Final Jtmum in 
northern Kyushu. 


Late prehistoric social 
organization 

It is clear that the basis for what was 
to become traditional Japanese soci 
ety was formed during (he Yayoi pe 
riod (see, e.g., Beardsley ]!*!«»; ishidu 
Wet). Scholars debate, however, over 
whether the political integration of 
the communities on the Japanese 
islands into a single stale m* w- 
compUshed by descendant of the 
\ ayoi rice fanners alone or by a group 
of horse riding invaders who con 
( l l, ered the indigenous agriculturalist* 
during the fourth to the fifth century 
A.l). This latter theory is known as 
Egami's equestrian theory, after 
Namio Egaini; It has recently \ m) 
popularized in North America by 
Ledyard (197a). 1 find this theory 
unconvincing, for several reasons, 

The beginning of the Yayoi iiselt i>. 
tdtcn seen as I lie result of migmt ion, 
from somewhere, ot a group of imm 
ers equipped with a iuw technology 









Figure 5. Bronze bell-shaped artifacts called ! 
dotaku symbolized the ritual authority that : 
was the organizing principle of Yayoi society. 
The prototype may have been smaller bells 
from Korea, but Yayoi dotaku are often very ; 
large and are not functional as musical instrti- 1 
ments. This example from Shizuoka Prefecture f 
is 64 cm high; dotaku over 100 cm high are not \ 
uncommon. 


necessary to maximize gains in these l 
activities was curtailed by the need to ; 
be near the rice fields at crucial times, f 
As many writers have pointed out, h 
surplus es not an automatic outcome f 
of an agricultural way of life, and | 
early Yayoi farmers were probably no I 
better off than some of the Jomon § 
hunter-gatherer-fishers. The Yayoi |: 
way of life thus emerged in northern I 
Kyushu as various technological ad-1; 
vances, including the crucial cultigen, §'- 
became available during the first | 
millennium B.C., and it was sustained!; 
and developed in the following | 
centuries because of the; cultural | 
commitment of the inhabitants. |. 


But, as noted above, cultivation of 
rice in irrigated fields had already 
begun during the Final Jomon, and 
various other elements of the initial 
Yayoi complex were also present in 
northern Kyushu at the end of the 
Jomon. These include semilunar 
harvesting knives, weaving, jar and 
dolmen burials, and ridged vessels 
without cord marks. Since the rice 
plant does not appear to be native to 
Japan, it was probably introduced as 
a cultigen, together with the tech¬ 
niques and artifacts associated with 
its cultivation. Other practices, such 
as weaving and dolmen burials, were 
probably derived from the continent 
as well, but they need not have ar¬ 
rived all at the same time, There is 
sporadic evidence for cultural con¬ 
tacts with the continent throughout 
Jomon times, During the Late and 


Final Jomon these contacts appear to 
have become more frequent, and they 
continued to increase through the 
Yayoi period. Iron and bronze arti¬ 
facts were introduced when the Yayoi 
way of life was already established in 
Kyushu. 

A significant proportion of the Yayoi 
diet was derived from rice grown in 
flooded fields. Substantial invest¬ 
ment of labor was required for the 
preparation and maintenance of the 
rice fields, and activities had to be 
well coordinated to insure adequate 
water supply to the paddies. Villages 
had to be situated near the fields so 
that the people could tend them 
during the growing season and per¬ 
haps protect them during off-season 
as well. Hunting, fishing, and gath¬ 
ering continued, but the mobility 


After its emergence in northern Ky-1 
ushu about 300 B.C., Yayoi culture I 
quickly spread through the lowland I 
areas of western Honshu up to around | 
Nagoya by 100 B.C. Early Yayoi set- 1 
tlements were restricted to coastal L 
and riverine areas, where rice was ! 
probably grown in naturally swampy f; 
grounds. Wooden agricultural tools,} 
which were often found at early Yayoi; 
sites, would have been adequate, but I 
iron axes, which became available | 
sometime before 100 B.c., facilitated I 
the rapid expansion. During the! 
middle and latter phases of Yayoi, the {.; 
Yayoi way of life, if not the original! 
Yayoi people of Kyushu, spread morel 
slowly through the highland, zonesl;: 
and farther to the east, reaching! 
northern Honshu by A.D. 300. It never! 
crossed the Tsugaru Strait over tel 
Hokkaido. 

In the middle phase of Yayoi, fores® 


Figure 6, This gilt bronze helmet was found 
among the burial goods in a chiefs mound 
tomb of about A;D. 500. During the latter part 
of the Kofun period, in the fifth and sixth 
centuries, large quantities of weapons and 
armor are found in such burials, suggesting 
increasing militarism among competing 
chiefs. 



fields, and irrigation ditches were 
constructed to create conditions fa¬ 
vorable for rice cultivation on higher 
grounds. As the landscape was filled 
with Yayoi communities, each in¬ 
vesting much labor in the rice fields, 
the Yayoi population became in¬ 
creasingly localized. In contrast to 
early Yayoi pottery, which exhibits 
remarkable homogeneity throughout 
western Honshu, middle Yayoi pot¬ 
tery shows distinctive local styles 
(Fig. 4). Not only is Kyushu pottery 
different from Osaka-area pottery, 
but each drainage basin within the 
Osaka area shows its own minitradi- 
tion. These basins appear to have 
been occupied by a hierarchical net¬ 
work of villages and hamlets, with one 
large settlement as the focus of orga¬ 
nization (Sakai 1977). 

About this time, signs of status dif¬ 
ferentiation appear in burials. In the 
Kinai area (the area around Osaka, 
Kobe, Nafa, and Kyoto), certain in¬ 
dividuals, of various ages and both 
sexes, were buried in low mounds 
surrounded by ditches, while others, 
in the same cemeteries, were buried in 
simple pits. Since men, women, and 
children were buried in the mounds, 
the claim to this special burial was 
probably based on membership in a 
certain lineage—which, however, may 
not have been particularly wealthy. 
There are no elaborate burial goods in 
the special mound burials. Perhaps 
the lineage had a ritual authority, 
erto 


represent the community in external 
relations. The ritual leaders would 
probably have supervised the redis¬ 
tribution of any surplus of goods and 
services, and organized and financed 
special projects, such as bronze 
casting. 

Several sandstone molds for bronze 
bells were found at the Higashinara 
site, near Osaka, where special burial 
mounds are also present. (Tashiro et 
a!. 1975). 1 he bronze bells undergo 
unique development in the Kinai re 
gion, becoming very large and non¬ 
functional as musical instruments 
(Fig. 5). They were probably ritual 
objects held by the central lineage as 
symbols of authority. Tim Kinai re- 

gion by the middle of the Yayoi peri- 
(, cl, then, appears to have seen the 
emergence of hereditary ritual au¬ 
thority, which gave certain individu¬ 
als, legitimate. power to control the 
red lstri buti ve oct >nt im y, 


In marked contrast to the special but 
sparsely furnished mound burials of 
the Kinai' region, elite burials in 
northern Kyushu suggest the con¬ 
centration of wealth by certain indi¬ 
viduals. Here the dead were often 
placed in huge burial jars, some with 

large amounts of furnishings, others 

wrth practically none. One burial jar 

atSugu, m Fukuoka Prefecture, tor 

example, contained 33 Early H,„. 

bronze dagger, 5 spears, 1 
halberd, I flat perforated disc of glass 
and beads of bone and precious 
stones. Luxury goods of continental 


ongm wore valued in other Yayoi 
communities, whore they often up 
pear to have been handed down from 
generation to generation a* ritual 
symbols. Bm jn northern Kyushu 
they were disposed of in great quan¬ 
tities, us it they were considered the 
persoiud property of an individual. 

ft seems to me that we can -.er two 
different organizational principles in 
middle Yayoi society. In Kinai, the 
power structnre seems to be bused on 
hereditary, ritual authority mid on 
tegnlal inn n| economic redhfnlmi ion 
within the community, In Kyushu, on 
the oilier hand, t he power seems to he 
mote personal and secular, and it 
seems to he the result ot economic 
exchange between eumtnuniiies, 
Northern Kyushu isstmtegimlly In 
ciited lo regulate the (low of eonti 
neiital goods. in addition to the lux - 
pry goods, iron may have been an 
import ant commodity for which other 
Yayoi rmmmmiiies were at the mercy 
nf ( brokers J n northern Kyushu, 
Within Kyushu, there is good ar¬ 
chaeological evidence suggesting that 
.stone axes and semilunar harvest ing 
knives, hot li essential for agrieultiirai 
work, were mass-produced and dk 
tributed over a wide area fShimojo 
BL4). People who could control the 
movements ot such goods would have 
been able to accumulate significant 
amounts of wealt h, 

I he Kinai group may have resented 
exploitation by the Kviedm broker. 

Or the people uf Kyushu, w here broad 
alluvial valles an 
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wanted to take possession of the rich 
arahle land of Kinai. Whatever the 
reason, indications of intercommun¬ 
ity conflicts in Yayoi society follow 
the appearance of minor chiefs in 
both Kinai and Kyushu. The nuc¬ 
leated community network in the 
Kinai lowlands apparently dissolved, 
and populations congregated in very 
large settlements in the highlands 
(Sakai 1977). Sharp stone arrowheads 
capable of deep penetration were 
produced in quantity (Sahara 
1975). 

Then peace appears to have returned 
by the end of the Yayoi period. At the 
same time, the richly furnished buri¬ 
als disappeared from northern Ky¬ 
ushu. Bronze objects, now locally 
manufactured, were buried in isolated 
spots. They are often in the form of 
weapons, but their shapes and deco¬ 
rations suggest ritual, rather than 
utilitarian, use. The manner of dis¬ 
posal of bronze objects was the same 
in Kinai and Kyushu, probably indi¬ 
cating that the same political ideology 
prevailed from northern Kyushu to 
central Honshu at the end of the 
Yayoi period. 

In the next few centuries, into the 
Kofun period, the lifestyle of the mass 
of farmers does not seem to have 
changed very much, except that they 
probably were increasingly hard- 
pressed to meet the demands of an 
elite whose way of life did change 
quite drastically. By A.D. 400, huge 
keyhole shaped kofun were being 
built in large numbers in the Nara 
Basin. The grave was in the round 
part of the kofun, surrounded by a 
row of earthenware cylinders, while 
the rectilinear projection was appar¬ 
ently used for ritual activities. In the 
burial area are found large quantities 
of goods. Early kofun contained jew¬ 
els, bronze mirrors, and some weap¬ 
ons and tools. From the size of the 
kofun—often over 200 m long—one 
can imagine the immense power of 
the elite to organize the labor needed 
for the project. The nature of the 
burial goods, on the other hand, 
suggests that this power was probably 
still based on ritual authority. 

During the fifth and sixth centuries, 
in the latter part of the Kofun period, 
the burial goods in the mounds in¬ 
clude increasingly large proportions 
of weapons and armor, and quantities 
■ of-equipment associated with horse 
riding. Ornamentation often exhibits 


distinctive continental motifs. The 
observations were the basis for Ega- 
mi’s proposal that the political uni¬ 
fication of Japan was accomplished 
by horse-riding nomads from the 
steppes of Eurasia (Ishida et al. 
1949). 

But artifacts with Korean motifs—no 
matter how closely related to those 
actually found on the continent—do 
not necessarily signify owners of Ko¬ 
rean origin. If they did, one would 
have to deduce by the same logic that 
Emperor Meiji, the grandfather of 
Emperor Hirohito, was a European 
from the fact that in nineteenth- 
century Japan he suddenly appeared 
in the ceremonial dress of European 
monarchs. 

Nor do the plentiful military artifacts 
prove that military invasion occurred. 
It is equally plausible that the in¬ 
crease in weapons and armor during 
the fifth and sixth centuries repre¬ 
sents an increase in internal warfare, 
or perhaps merely in the use of de¬ 
terrent strength. The numerous 
kofun are surely evidence of very 
powerful chiefs, who may well have 
been in competition. (The rapid 
spread of the kofun cult has some¬ 
times been interpreted as an indica¬ 
tion of the power of a central political 
authority, but the sharing of a burial 
cult does not have to mean political 
subjugation.) The ability of the chiefs 
to amass large labor forces implies a 
potential for militarism, and whether 
or not force was always actually used, 
it would have been an important 
factor in maintaining the political 
balance of power. Magnificent mili¬ 
tary hardware, such as the helmet 
shown in Figured, would have served 
to display the chief’s power and 
prestige. 

The grounds for belief in equestrian 
conquest in particular are weak, Al¬ 
though the mobility provided by the 
horse would indeed have been a de¬ 
cided military advantage, the evi¬ 
dence suggests that riding was re¬ 
stricted to an elite, with the bulk of 
military power provided by foot sol¬ 
diers, There is no evidence for the use 
of cavalry, which would truly have 
exploited the advantage of mobility, 
and which might be expected from 
horse-riding conquerors (Amakasu 
1966; Y. Kobayashi 1961). 

Analyzing Egami’s thesis in light of 
Korean records, Ledyard (1975) 


suggests that a group of Puyo origin [ 
invaded the Japanese archipelago in ; 
A.fl, 369 and brought the whole area : 
from the Korean peninsula to central • 
Honshu under a single political order, j 
I do not think there is evidence for i 
unification as early as 369. Only after j 
A.D. 600 do we find evidence for ad- j 
ministrative structure, as indicated j 
by the increasing amounts of space j 
allotted in the palaces to adminis-; 
trative work and by numerous wood- | 
en strips that were apparently used as 1 
shipping labels, acquisition forms, 
and filing devices (Yokoyama 1978). ; 
At the same time, construction of j 
tombs fell off, and energies were in- 
stead directed toward the building of \ 
Buddhist temples, as Buddhism—the ' 
universalistic theology of the bu- 
reaucratic state—was promoted by 
the political authority in the Nara 
Basin to replace the ritual authority ; 
vested in individual rulers of the 
Kofun era. ; 

.■ | 

The magnificent temples built during i 
the seventh and eighth centuries were j 
the symbols of the new era, which, \- 
like the administrative devices, were; 
imported from the continent, to con- f 
solidate the power of the central state f 
of the Nara Basin over competing I. 
chiefs in the surrounding areas within f 
Japan. Continental goods and tech- ;~ 
nology certainly arrived, as did | 
craftsmen and technocrats, between T 
A.D. 300 and 600. But it does not seem f 
necessary to invoke galloping horse-1 
men or any other form of invaders to Y 
explain the societal changes that took; 
place at the dawn of Japanese his- j; 
tory. I . 
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John Alcock 


Natural Selection and the Mating 
Systems of Solitary Bees 

Mating behavior varies widely among bees 
because different species are subject to 
different combinations of ecological pressures 


Biologists over the last decade have 
increasingly come to accept the 
proposition that sexual reproduction 
is not a cooperative enterprise de¬ 
signed to perpetuate the species but 
is instead an occasion for competition 
among individuals that determines 
the survival of their genes. George 
Williams in his influential book Ad¬ 
aptation and Natural Selection 
(1966) reminded his readers that 
natural selection occurs because in¬ 
dividuals differ in their ability to 
transmit genetic information to sub¬ 
sequent generations. Adaptations 
that help individuals pass on their 
genes will persist in populations, 
whereas characters associated with 
genetic failures will disappear. The 
logic of natural selection therefore 
leads to the hypothesis that the traits 
found in organisms today have, at 
least in the past, promoted the gene¬ 
copying success of individuals (Wil¬ 
son 1975; Dawkins 1976). 


gists because it has provided coherent 
explanations for phenomena that are 
difficult to explain in terms of “the 
good of the species.” For example, 
males and females often appear to 
work at cross-purposes in their efforts 
to reproduce, In many species females 
impose a series of obstacles that a 
male must overcome if he is to copu¬ 
late. Males, on the other hand, regu¬ 
larly interfere with and try to copu¬ 
late with females that have already 
mated and have received all the 
sperm they need to fertilize their 


Conflict between the sexes is an ex¬ 
pected outcome of natural selection 
because males and females differ in 
the size of their gametes (Trivers 
1972). By definition, males produce 
sperm, small gametes, and females 
produce eggs, larger gametes. With 
the same investment of metabolic 
resources, an individual can make a 
much larger number of sperm than 
eggs. A male, therefore, could poten¬ 
tially fertilize all the eggs of several 
females, if they would permit him to 
do so and if other males did not in¬ 
terfere, This generates the simple 
prediction that a male will attempt to 
achieve as many fertilizations as 
possible, thereby maximizing his ge¬ 
netic success, Because females are 
sought after by males they are as¬ 
sured of having their eggs fertilized. 
Their genetic success will be most 
affected not by the number of times 
,. .. , , they copulate but instead by the 

®vivah„d re p„,du*eaMiti r ,f 
PhD, from Harvard University. Hk research, their W nn & should- therefore 


Application of this hypothesis has 
revolutionized the study of animal 
behavior, which until recent years was 
dominated by the belief that animals 
behave in ways that tend to prevent 
the extinction of their species, even if 
this requires individuals to sacrifice 
their genetic interests for the greater 
good of the group, The new approach 


which originally concerned the feeding be¬ 
havior of birds, is now devoted to studies of the 
reproductive behavior of insects, especially 
bees and wasps, The author thanks Ronald 
Rutpiiiskifor his assistance in the preparation 
of this article. Address: Department of Zool¬ 
ogy, Arizona State University, Tempo, AZ 


attempt to mate only with the male or 
males whose sperm carry genes most 
likely to help their progeny survive 
and reproduce. 

These predictions, based on the 
premise that animals will behave in 


ways that promote the survival of ; 
their genes, are generally supported j 
by a survey of the animal kingdom. ; 
The typical male does invest all his j 
reproductive effort in attempts to ; 
fertilize the eggs of several receptive ; 
females (although there are some in- j 
teresting exceptions), whereas fe- ( 
males mate selectively; often many ( 
females independently come to , 
choose the same male partner from • 
among many applicants (Orians 1969; , 
Wilson 1975). This common pattern 
of male and female behavior gener- ; 
ates the most widespread mating j 
system of all, polygyny, in which one \ 
male may fertilize the eggs of several j 
females in the course of a breeding G 
season. 

Diversity in polygynous S 
mating systems 

Although polygyny is common, males l 
of different species may differ sharply \ 
in the tactics they employ to gain ac- * 
cess to receptive females and in the | 
degree to which they associate with £ 
their mates. These differences have T 
been tentatively correlated with dif- : 
ferences in socioecological pressures t 
that affect the ways in which indi- j 
viduals may maximize their genetic \ 
contributions to subsequent genera- ? 
tions. In one of the most ambitious | 
efforts to explain mating-system di- 
versity in evolutionary terms, Bmlen j; 
and Oring (1977) have shown that for i 
birds and mammals certain combi-1 
nations of environmental factors eh- i 
able some males, with relatively little | ■ 
risk or expenditure of energy, to I 
control groups of females directly I 
(female-defense polygyny). Other | 
conditions lead to the indirect# 
monopolization of mates through J 
control of resources useful and at-1 
tractive to females (resource-defense | , 
polygyny). Still other factors make it | 


Figure 1. The flowers of the ironwood tree, 
Olneya tesotu (this one photographed in the 
Sonoran Desert near Phoenix, AZ), are a major 
source of pollen and nectar for the brood cells 
of the digger bee, Centris pallida. (All photos 
are by the author.) 


- :’-:S 


too costly for males to achieve either 
form of mate control, in which case 
they often compete among them¬ 
selves to demonstrate high social 
status: females choose dominant 
males as partners (male-dominance 
polygyny). Alternatively, males may 
avoid aggression altogether and in¬ 
stead search widely for females 
(scramble-competition polygyny). 

Basic to Emlen and Oring’s approach 
is the recognition that attempts to 
exclude competitors from the vicinity 
of females or from resources that will 
attract females can have both nega¬ 
tive and positive effects on the genetic 
success of an individual. A territorial 
male may be able to block other males 
from gaining access to some receptive 
females and so improve his chances of 
mating, but in excluding other males, 
the territorial individual must spend 
time and energy patrolling his area 
and repelling intruders. He also runs 

the risk of being injured in a dispute 

or killed by a predator while adver¬ 
tising or protecting his territory. If 
females are dispersed evenly because 
o| the nature of the food supply, the 
distribution of nesting habitat, or the 
pressure of predation, the genetic 
costsof territoriality can outweigh its 

benefits and we would not expect to 

tmcl males defending large areas in an 
effort to monopolize a number of fe¬ 
males. 



The ability of a male to make contact 

with receptive females is the first of 


success; the ability of his sperm to 

fertilize his mates’eggs is the second. 

1 he donation of sperm to a female is 
only significant for the donor to the 
extent that the sperm are used to 
fertilize eggs. An evolutionary prob¬ 
lem facing the male is whether it is 
advantageous to guard a mate to 


prevent her from accepting .sperm 
from other individuals that miglu 
supplant gametes received froni him 
at an earlier time. Parker (]()?{)) has 
shown that when the risk of sperm 
displacement is high, the mule often 
guards his mate(s); however, ibis op 
turn requires aggressive defense and 
has many of the same costs of pro- 
tecting a harem, a nesting area, or a 
food patch. In addition, a male that 
travels with one mate has less time to 
locate new enpulatory partners, if 
guarding behavior is to enhance the 
transmission of a male’s genes, it 


shtuildoiumr (Hid continue caily when 
[be genetic benefits nssocitueil with 
improved reliability.,! p.m-rmly ey 
eeed the costs of protecting a recent 
mate, 

Most evolutionary analyses of tin* 
mating systems of animals have fo 
<01 birds and mammals, mid 
their complex reproductive activities 
have bin'ii relatively well studied, But 
m,sects also show a high degree oi di 
v f rsi{ y in mating behavior In my 
observations of the solitary hws oi 
the Htimmm Desert oi Ano.no, 1 how 
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found great variety in the ways males 
compete for access to females and in 
the degree to which males guard their 
recent partners. Here 1 shall try to 
show that males and females of each 
species are behaving in ways that re¬ 
flect the ecological pressures peculiar 
to their species and that the behav¬ 
ioral responses of individuals to these 
pressures tend to raise their personal 
genetic success. 



Figure 2, A Centris pallida male (artificially, 
■marked with red and white paint) is shown 
aiding in the emergence of a virgin female who 
has gnawed her way out of the underground 
brood cell in which she passed her larval and 
pupal stages, The two bees will mate when the 
female emerges fully from the soil. 


Female-defense polygyny 

Emlen and Oring show that female* 
defense polygyny in birds and mam* 
mals often occurs when females 
gather in groups, usually into defen¬ 
sive herds for protection against, 
predators; a male that can hold a 
group of females against other males 
acquires a harem. In bees, perhaps 
the closest analog of typical mam¬ 
malian female-defense polygyny is 
found in some of the subsocial and 


social species whose nests may con¬ 
tain a considerable number of virgin 
female adults. Males of some species 
of Lasioglomm (Barrows 1076), 
Bombus (Alford 1975), Eulaema 
(Zucchi et al. 1969), and Xylocopa 
(Gerling and Hermann 1978; Wat- 


mough 1974) compete to control a 
small area of defensible size around a 
nest entrance. The winner monopo¬ 


lizes access to the virgin females, j; 
which may mate when they exit from : 
the nest for the first time. 

In other species of bees receptive fe¬ 
males emerge one by one from scat- } 
tered sites. But if the emergence pe- j. 
riod is long enough, a male can locate ?. 
and defend a number of emergence j. : 
sites one after another, thereby ac- j 
quiring a “harem” in sequence. And 
example is provided by the digger r 
bee, Centris pallida. In April and 
May the female builds a number of ; 
nests one at a time in the ground, }' 
Each nest has a single terminal brood ‘. 
cell, which the female provides with : 
food before she lays an egg in the cell ' 
(Alcock, Jones, and Buchmann r 
1976a). The food is nectar and pollen I 
from palo verdes and ironwoodtrees { 
(Pig. 1), and is collected hy the female : 
bee without assistance from workers. ; 
The egg hatches into a larva that 
consumes the provisions and then ( 
passes through a pupal stage before 
metamorphosing into an adult. The ; 
adult emerges the next year, long : 
after the death of its mother, by f 
gnawing its way up from the subter* j 
ranean brood cell to the surface, 

The nearly bumblebee-sized males L 
usually emerge a little before the fe-} 
males and may be found by the <loz-1 
ens or hundreds in certain areas, j 
cruising low over the ground. When a \ 
male detects by odor an about-to-; 
emerge female buried beneath the j 
surface, it drops to the earth and be-1 
gins to dig in the soil. Other males; 
often join the digger, which leads to ■; 
threats and even violent wrestling j, 
matches on the ground. Males differ I 
greatly in size, and the smaller of two f 
combatants will in most cases retreat, j 
even if this means it must leave the | 
digging site to its competitor (Alcock, j 
Jones, and Buchmann 1976b, 1977). f 

A digging male may succeed in an- f 
covering a virgin female, freshly out f 
of her pupal case and about to reacn f 
the surface (Fig. 2). When they meet, f 
the female scrambles out and the [ 
male in possession of the digging site f 
almost invariably succeeds in copu- j 
lating with her. Females evidently are I 
receptive only until they mate, after | 
which they evade pursuing males. | 
Males that can locate sites from | 
which many females will emerge have, j 
therefore, the opportunity to copulate | 
repeatedly, especially if they are | 
larger and more powerful than other | 
males. ; 

■ : *F 

Mr 



lYcsuurce-ueitJiise 

polygyny 

In contrast to C. pallida, males of 
Anthidium maculosum make no ef¬ 
fort to locate emerging females; in¬ 
deed, in at least one species of An- 
thidium, the males are known to 
emerge after the females (Jaycox 
1967). Instead they resort to a re¬ 
source-defense system of polygyny. 
The nests of A. inaculimm are scat¬ 
tered widely in burrows excavated in 
wood (Krombein 1967), and thus the 
emerging females are probably more 
difficult to locate than those of C, 
pallida, who sometimes emerge from 
moderately dense aggregations of 
buried brood cells. Males of A. ma¬ 
culosum often fight among them¬ 
selves for control of rich clumps of 
flowering mint, Manarda pectinate, 
where females exclusively collect 
pollen and nectar for their nests. The 
mint grows in discrete patches, often 
a size (1-3 m 2 ) suitable for defense by 
a single highly territorial male. Larger 
patches are subdivided among several 
individuals, and each drives from its 
territory all flower-visiting insects 
except conspecific females. Even they 
will be chased away unless they per¬ 
mit the male to copulate with them. 

A female foraging in several terri¬ 
tories will mate with each resident in 
turn who pounces upon her as she 
crawls into the tube-like corolla of'the 

mint flower (Fig. 3). Because a female 

Provisions only a few brood cells in 
her lifetime, she probably receives 
sufficient sperm to fertilize all her 


cases because the female would al 
most surely mate again with it terri¬ 
torial male before she completed the 
provisioning of her first brood ceil. 
Thus the male’s ability to monopolize 
a segment of the food resource makes 
multiple mating the rule; and, in a 
feedback loop, multiple mating 
makes it all the more profitable for 
males to hold a territory rather than 


. . . , o- 11 i>w, mul¬ 

tiple copulations carry a cost for her: 
they take up time that could he spent 
foraging for brood provisions, But 

because of the clumped distribution 

of resources, a female may find it 
difficult to gather food for her prog¬ 
eny unless she enters an area con¬ 
tra led by a male (Alcock, Eickwort, 
and Eickwort 1977). She may he 
forced either to submit to a brief 
copulation or to spend her time 
searching for unguarded flowers, 
which may be rare and of low 
quality. 

It is generally the case that when in- 


--v, iwucuca-uitue wiin several males 
the last male to copulate prior to ov- 
iposition is the one that fertilizes all 

or a large fraction of the eggs laid at 
thattime (Parker 1970). If this prin¬ 
ciple applies to A. maculosum, males 
that happen to mate with virgins 


to search for nests with emerging 
males. If a male’s territory contai 
sufficient resources, a visiting ferni 
may forage within it for periods up 
?° minutes and return repeatedly 
it. Males that attract and hold 1 
males in their territories increase ti 
chances that their mates will lay eg 
fertilized by their sperm. 

If males of A, maculosum can make 
advantageous to females to mate r 
peatedly, why haven’t males of t 
pallida evolved food-plant territw 
altty as well? The answer to thl 
question may be found in the costs < 
territorial defense in the two special 
The density of C. pallida males ofte 
far exceeds that of A. maculosum, i 
L. pallida male that attempted to se 
up a territory at a flowering pal 

verde would encounter a high rate o 

intrusion from other males, whk-1 


T | Jn«. AnOiithum umiilmum uutk 
KimkJmii jtKirli ni hmmi, Pi»> 

Wturiv of Jlollenmill m rf.ii f<>r (fit* s 
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increases the costs of defending even 
a small fraction of the tree. In the 
territorial A. maculosum, an intruder 
appears in a territory about once 
every 3-4 minutes (Alcock, Eickwort, 
and Eickwort 1977), which requires 
the resident male to be constantly on 
guard but does not demand an im¬ 
possible level of defense. 

Another factor that may reduce the 
value of food-plant territoriality in C. 
pallida is the aerial agility of the fe¬ 
male of this species. In flight she can 
elude pursuing males, and when vis¬ 
iting a flower she alights only for a 
moment. The flowers of palo verdes 
and ironwoods are relatively open and 
shallow, permitting the foraging fe¬ 
male to detect approaching males 
easily. In A. maculosum, however, the 
female spends a number of seconds at 
each flower and must crawl com¬ 
pletely inside the deep corolla to re¬ 
move the pollen. In this position she 
is less able to see an approaching 
male; he can then grasp her and make 
escape difficult. The kind of flower 
visited and the foraging pattern of the 
female affect her vulnerability to 
male assaults and influence whether 
she will accept a “superfluous” cop¬ 
ulation as the price of access to re¬ 
sources patrolled by a male (Alcock, 
Eickwort, and Eickwort 1977), 

Scramble-competition 

polygyny 

In many species of bees the male does 
not maximize his access to females 
either directly through control of a 
“harem” or indirectly through the 
monopolization of resources. A com¬ 
mon pattern for these species is 
“scramble-competition polygyny”: 
the male flies about in an area where 
females are likely to be found and 
attempts to copulate with them be¬ 
fore his competitors do. A male’s re¬ 
productive success is based not on his 
aggressive capacity to exclude other 
males from the area but, presumably, 
strictly on his ability to locate po¬ 
tential mates before his competitors 
have found them, 

The piggy-back bee, Nomadopsis 
puellae, provides an example of 
scramble-competition polygyny 
(Rutowski and Alcock, in press), 
Males search for foraging, females 
within patches of Malacothrix gla- 
brata and Chaenactis macrantha. 
Because the flowers are distributed 
relatively evenly over broad areas, the 


cost of territorial defense of the re¬ 
source may be prohibitively high: a 
territory would have to be large to 
enable a male to monopolize many 
females, and the high density of pa¬ 
trolling males would make the re¬ 
pulsion of intruders difficult and 
time-consuming. 

The female mates repeatedly, ac¬ 
cepting any male that can grasp her. 
Like the female of the territorial bee 
A, maculosum, she is particularly 
vulnerable to the male’s attempts at 
copulation because of her foraging 
behavior. N. puellae is a small insect 
whose entire body is easily accom¬ 
modated on the surface of the dan¬ 
delion. While the female moves 
around the flower sweeping up the 
pollen with her legs—a task that re¬ 
quires several seconds.her head re¬ 

mains near the center of the flower, 
nestled within a cluster of upright 
anthers and petals that must impair 
her vision. She probably cannot easily 
detect approaching males, nor is she 
able simply to drop from the flower 
when touched. Because the cost of 
trying to avoid males is high, the fe¬ 
male may benefit from mating on 
demand (Fig 4). 

As the morning progresses, more and 
more males join the scramble for 
mates (unlike males of A. maculosum, 
which arrive at their territories before 
the first females begin to forage), and 
the male that finds a mate becomes 
increasingly likely to remain with her, 
riding in copulo on the female’s back 
until she returns to her nest (Fig. 11). 
In this position the male can guard his 
mate effectively limn other males, 
which constantly strike the piggy¬ 
back male but rarely succeed in sep¬ 
arating him from the female, 

The change in copulatory behavior of 
N, puellae over the course of a 
morning makes genetic sense when 
we consider it in the context of the 
ecological pressures on the insect. 
Because the flowers of the food plant 
are open only during the morning 
(they close up around noon, sealing 
the food from the bee), the foraging 
period: extends only about three 
hours. Each morning the female can 
make up to four collecting trips, each 
of which takes about 40 minutes, be¬ 
tween her neat and the food resource. 
After three or four trips she will have 
gathered enough pollen to provision 
one brood cell completely; she then 
lays an egg on the amassed ball of 


pol len and proceeds to prepare a new 
cell for another brood ball. Females 
that are collecting late in the morning 
are therefore much more likely to be 
on the verge of returning to the nest 
to complete a brood ball and lay a 
fertilized egg than are females forag¬ 
ing earlier in the morning. 

Early in the foraging period the male 
probably gains more by maximizing 
the number of copulations in scram¬ 
ble competition with other males, 
whereas later the guarding option 
becomes more profitable. Because in 
the early morning few males are 
searching for females, if a male re¬ 
leases his partner, instead of riding 
about on her back, there is some 
chance that she will not copulate 
again before returning to her nest. ; 
She may be one of the rare females 
that completes provisioning a cell in : 
the early morning, in which case the 
male’s sperm could be used to fertilize 
her egg. Thus by mating many times 
in the early morning a male might , 
improve his chances of copulating j 
with a bee whose egg-laying cycle is ; 
out of phase with that of the general ; 
population. In the late morning, ; 
however, when many more males are 
about, and most females have a male t 
mounted upon them, any individual :• 
that copulated briefly and then went 
off in search of more females would be j 
unlikely to find an unguarded one. As j 
soon as some males begin copulating ')■ 
longer, unattached females become j 
scarcer, which creates feedback in : 
favor of mate-guarding by other 
males—an illustration of the maxim ; 
that the genetic benefits of a course of 
action may depend on what one’s : 
competitors are doing. 

In the territorial bee A. maculosum j 
no evidence suggests that the female, | 
which forages throughout the entire J 
day, is any more likely to complete a ]: 
brood cell at one time than another. ?: 
Thus the probability of genetic gain!; 
for a male from a copulation remains j. 
constant (and low). The male will \ 
therefore benefit from maximizing f 
fertilizations rather than from shep-1; 
herding one mating partner through f 
a foraging area, provided that there is | 
a steady flow of female visitors to a |: 
male’s territory. While a recent cop-1-• 
ulatory partner is in his territory the | 
resident male does compromise his | 
mate-searching patrols to some ex-1 
tent by repeatedly flying back to her. I 
This may help the male guard his I 
mate from intruder males, which do I 


Figure 4. A pair of Nmmdupsis pucllnv bees 
copulate on the flowers of ('luwnm-lis mu- 
crantha, from which the female is gathering 
provisions for a brood cell (note the lull pollen 
basket on her rear leg). The pair will remain 
together as the female returns to her under¬ 
ground nest, the male riding in copulo on her 
back until she has actually burrowed into the 
soil. 


not defend territories but specialize 
in slipping into another male’s patch 
to hunt for foraging females. The 
resident, however, still looks for newly 
arrived females and will copulate with 
them as soon as he sees them, even if 
a recent mate is present (Alcock, 
Eickwort, and Eickwort 1977). 

Male-dominance 

polygyny 

I have argued that males of N, pud* 
lac employ scrambling, or non- 
aggressive patrolling, because of the 
high costs of territorial monopoliza¬ 
tion of females and food plants, given 
the characteristics of this species. 
There are, however, other species of 
bees whose females and food plants 
are also difficult to defend and yet 
whose males do exhibit territorial¬ 
ity—but at sites that do not contain 
emerging females or any material re¬ 
source of value to the foraging fe¬ 
males. In these species, males seem to 
light lor “symbolic” territories simply 
to demonstrate their competitive 
abilities to potential males. 



An example of this mating system - 
male-dominance polygyny.is pro¬ 

vided by Xylocopa impuneta, a 
large carpenter bee whose jet-black 
females emerge from burrows deep in 
wood. In the Phoenix, Arizona, area 
this bee is rare, and although the 
nests appear to be widely separated, 

. each one usually holds a number of 
females, probably sisters. They al¬ 
most certainly mate just once, given 
the great rarity of observed copula¬ 
tions in this and other species of 
Xykcopa (Marshall and Alcock, in 
press). A male that found a nest could 
potentially fertilize a large number of 
eggs, if all the females in the nest ac¬ 
cepted him. But the male does not 
appear to try to find emerging fe¬ 
males. Instead he claims a territory in 
the crown of a nonflowering ironwood 
tree, where he hovers for periods of 30 


■ minutes to 2 hours, in tin* jute after, 
noon, waiting fur I finales w ; m, 
proadi. 

The iromvood tree i H mil recorded w; 
a nest site for this species, nor do ife* 
trees produce flowers I hat at I rael je 
males (Hurd J!)fia). Hovering stations 
arc probably selected because they 
are conspicuous landmarks in areas 
containing the food plant of the 
species, creosote bush Umrrcu tri . 
dentata ). This plant is so abundant 
widespread, and evenly distribuled 
that females could easily avoid males 
that tried to monopolize a patch of ii, 
It is all the more puzzling, therefore, 
that the male does no! al tempi lofind 
a nest, conlaining a group of virgin 
females, It may be that a freshly 
emerged female would refuse to ae 
cept the first male to reach her be 

cause she has the time to lie selective; 

unlike most solitary bees, carpenter 
bee females may live a long time, 
perhaps as much as two years (Wat, 
mough 1974). 

During the first month of their lives 
females of X. wriptmtn donotae' 
lively collect polfen for brood balls 
nor do they construct, new cells, h, ' 
stead they gather enough nectar to 


*i 


HiMmu fhfmmlvH, mid .in ife. | a(t , 
afternoon trawl to areas rofiiaiiuui; 
ferrilurin! wales. They can locale 
poleiniai In living ainug dry 

dc-ei l w.witcs smirching j,,r poom 
omit immvwL; li,ev probably are 
also al trailed lu imdci by a did foe 
five sweet fioruL-eeui apparently re 
le;ra*d by hovering males. When a 
female visit* a wale, he dashes pot 
toward her hoi too w-arbyrlanghiij; 
W! 1,1 iromvood h ave-, He land;' 
and. scrambles up the leaves several 
times, perhaps lu draw the. female's 

attention to a landing platform that 
Mie can grasp while copulation fakes 
Similes rarely „u M ,i { j„, 
imsiefe "imitation" to land feu (J i 
‘4erni tiv ou op the wadi. The ire 
•fomit retiisi.it of females ul A‘ cm; 
pluh-itt in permit a male to copulate 
hints flwl in this tong dived species, 
females are highly selective in 
‘■hmfoiiga male, although the erifeim 
they Use to reach )t decision are m,( 
kt'mwM. ft nmy he sigiuifcam that of 
(he lour bees disci I-ed wifii;. pap, • r 
0,,| v A nuyuw,!u vjjlrihjj* i||JV 
courtship prelimiimries prior ramp, 
Li the uther species female*. 

a . tV, T« milter the tir:,t,n M fe to reach 

Oem or any male that ran n-wh 
them. 
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Ecology and mating 
systems 

Table 1 lists the key socioecological 
factors that I have linked to the evo¬ 
lution of the tactics male solitary bees 
employ (1) to find receptive females 
and (2) to improve the chances that 
their sperm will be used to fertilize 
their mates’ eggs. The optimal 
method of reaching receptive females 
varies because males of each species 
are subject to a different combination 
of ecological pressures, 


males are long-lived, perhaps because 
individuals that live two years have 
two chances to compete with their 
sisters for the opportunity to repro¬ 
duce within the valuable nest site 
(Gerling and Hermann 1978). Be¬ 
cause females probably do not benefit 
from a quick mating, males resort to 
dominance contests to demonstrate 
their physiological (and genetic?) 
fitness to females. 

In species in which females mate with 
several males, there is little advantage 


Table 1. Socioecological variables that may play a critical role in the evolution of four 
different polygynous mating systems in solitary bees 



Female 
defense 
(C. pallida) 

Resource 
defense 
(A. maculosum) 

Scramble 
competition 
[N. puellae) 

Male 

dominance 
( X. varipuncta) 

Distribution of the 
food plant 

scattered trees 

small patches 

widespread 

widespread 

Distribution of 
emerging 
females 

sometimes 

clustered 

dispersed 

usually . 
dispersed 

dispersed in 
small 
clusters 

Adult life of female 

a few weeks 

a few weeks 

a few weeks 

up to 2 years? 

Multiple mating by 
female 

no 

yes 

yes 

no 

Density of adult 
male population 

very high 

low 

very high 

very low 

Male’s tactic to 
assure paternity 

none required 

surveillance of 
recent mates 
foraging in 
territory 

prolonged 
copulation 
when female 
about to 
oviposit 

none required 

Male's tactic to 
maximize 
contacts with 
females 

direct defense 
of emerging 
females 

territorial 
defense of 
food plant 

scramble 

1 competition 
for foraging 
females 

territorial 
defense to 
show 

dominance 


If only virgin females accept mates, 
the profitability of searching for 
emerging females rises. But the ge¬ 
netic gains associated with this option 
also depend upon the nature of the 
competition for access to emerging 
females and the willingness of a 
freshly emerged female to mate. 
Short-lived C. pallida females mate 
once immediately upon emergence 
(presumably in order to get about the 
business of nest-building and provi¬ 
sioning as quickly as possible), and 
males compete violently for access to 
digging sites containing an about- 
to-emerge female. X, uaripuncta fe- 
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in finding recently emerged females. 
Furthermore, if the nests of females 
are dispersed, the energetic cost of 
locating emerging bees rises. Instead, 
males may be able to monopolize ac¬ 
cess to mates through control of 
patches of food plants, or, if the 
flowers are distributed in ways that 
make their defense costly, males may 
still engage more profitably in non- 
aggressive scramble competition at 
the food plant than at any other 
place, because of the concentration of 


Multiple mating by females lowers 


tne prooauumy oi geneuc gam umu 
any one copulation. Under some cir¬ 
cumstances males may find it ad- ; 
vantageous to invest in guarding be- : 
havior that reduces the chance that : 
sperm donated to a female will be 
supplanted by sperm she receives ; 
from a later partner. The degree to ■ 
which a male remains with a recent 
mate should be a function of (1) the j 
likelihood that she will remate if left A 
unguarded, (2) the probability that : 
she will lay a fertilized egg in the near j 
future, and (3) the reduction in op- j 
portunities to mate with additional ; 
females as a result of guarding one ! 
female. We can argue plausibly that ; 
the territorial A. maculosum male : 
compromises his guarding effective- I 
ness in order to increase his chances j 
of detecting new female visitors to his ; 
territory, whereas the piggy-back i 
male, N. puellae, appears to have l 
much more to gain from prolonged f 
copulation with one mate just before j 
she oviposits than from leaving a . 
mate unguarded in order to search ; 
out more partners. ) 

IftheideasofEmlenandOringonthe j 
evolution of mating systems are cor- j 
rect, their approach should apply to i 
other solitary species, to social bees, ]■ 
and to insects in general. As I have f 
already mentioned, female-defense j 
polygyny is practiced by a variety of j 
subsocial and social bees in which j- 
numbers of receptive females emerge I 
from the nest into a small, defensible f 
space about the entrance. However,; • 
not all social bees exhibit female- V 
defense polygyny. Several species of f 
bumblebees and tropical social bees , 
appear to defend “symbolic” terri-; 
tories at landmarks and other sites 1 
that do not contain a nesting colony, 
or a resource of utility to females j 
(Alcock et al. 1978). Other bum-] 
blebees fly in long circuits and will! 
mate with queens drawn to scent-: 
marked points along the patrol route ( 
(Alford 1975). Whether these are ex- ; 
amples of male-dominance and! 
scramble-competition polygyny that i 
conform to the rules of Emlen and! 
Oring is not known, because key so -1 
cioecological data are missing. Do 
females of these species mate with 
more than one male? Are the colonies 
containing receptive virgin queens 
especially difficult to locate? 

The most famous of the social bees, 
the honeybee, presents an unusual 
case. Each year an established colony 
produces at most just one surviving K 


new queen and a large number of po¬ 
tentially reproducing males, the 
drones. These males do not search for 
hive entrances to wait for the emer¬ 
gence of the single receptive queen, 
perhaps because only a small minor¬ 
ity of the hives in an area have a f'er- 
tilizable queen, and therefore a drone 
could easily wait at a hive from which 
no receptive queen would ever 
emerge. Instead drones fly to a tra- 


mark hill) to join other males from 
many colonies as they cruise about, 
awaiting the arrival of new queens 
from hives in the neighborhood. 
When a queen is detected—in part by 
sight—the drones pursue her, and she 


ut>es, ana mammals ny thinking about 
the genetic consequences for indi¬ 
viduals of alternative responses in 
different environments. Much of 
value can be learned from viewing 
animal reproduction as a competitive 
activity in which males and females 
attempt to overcome obstacles to the 
passage of their own genes—obstacles 
that are often created by individuals 
of the same species. As this approach 
is applied more widely and rigorously 
in the future, the bewildering variety 
of reproductive behavior exhibited 
within the animal kingdom will be¬ 
come more understandable, although 
no less fascinating as testimony to the 
action of natural selection. 


one drone—presumably a physically 
sound specimen to have outraced so 
many rivals. 
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Ideas recently developed in theoret¬ 
ical physics have resulted in an ex¬ 
pansion and thereby in a new under¬ 
standing of the term “vacuum.” Here 
we will describe the deductions that 
lead to a revised picture of the vacu¬ 
um as a physical object which can be 
modified under certain conditions. 
This new interpretation of the vacu¬ 
um can be verified experimentally, 
and the existing possibilities for such 
proof will be explained. To put these 
considerations in proper perspective, 
we will begin by sketching the devel¬ 
opment of the concept of the vacuum 
in philosophy and physics. 

In speaking of a vacuum, it is neces¬ 
sary first of all to distinguish between 
a technologically realizable vacuum, 
which is simply a space with reduced 
gas pressure, and the true, absolute 
vacuum. An absolute vacuum in the 
latter sense does not exist even in in¬ 
terstellar or intergalactic space, where 
it is possible to predict that gas par¬ 
ticles (about 1 in each 10 cc) can still 
be found in addition to dynamical 
components, that is, currents of par¬ 
ticles. The currents include, for ex¬ 
ample, particles such as hydrogen 
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Is the Vacuum Really Empty? 

New findings are leading to a redefinition of the 
concept of the vacuum with practical as well as j 

theoretical implications } 

j 
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emitted from the sun to form what we 
call the solar wind and cosmic radia¬ 
tion particles from other sources 
outside our solar system. Hence outer 
space, although often called “empty,” 
is in reality full of particles!. 

In antiquity there existed two op¬ 
posing schools of thought regarding 
the vacuum, both originating from 
the Eleatic Ontology, which simul¬ 
taneously provided one side with 
arguments denying the existence of 
the vacuum and the other with argu¬ 
ments affirming its existence (1). 

One of the central statements of 
Parmenides (ca. 540-470 B.C.), the 
founder and main supporter of the 
Eleatic school, was that only “Being,” 
which meant to him an object of 
thought describable in philosophical 
categories, is thinkable as real. 
“Being,” or existence, reveals itself as 
the homogeneous, materialistic sub¬ 
stratum which remains if all sensible 
properties are disregarded. In Par¬ 
menides’s view, “Nonbeing”—the 
ancient philosophical equivalent of 
the vacuum—was neither thinkable 
nor describable. “Nonbeing” appears 
elsewhere in Eleatic discussions as 
“the Void,” a phenomenon which had 
to be accepted if motion and variety 
of appearance were to be understood, 
i.e. to be made real. 

Though Parmenides denied that ei¬ 
ther “Nonbeing” or “the Void” was 
necessary to a coherent view of the 
physical world, his student Leucippus 
of Milet went on to support the exis¬ 
tence of “Nonbeing” as empty space, 
regarding the infinity of atoms with 
their geometric properties of form, 
position, and arrangement as the 
“Being.” Several generations later, 
Democritus of Abdera further devel¬ 
oped this atomistic school of thought 


in a direction we will briefly suggest j 
below. 

■I. 

Like Parmenides, the Athenian phi- ; 
losopher Anaxagoras (ca. 500-428 
R,c.) and Empedocles of Agrigentum 
(490-430 B.C.) were opponents of the \ 
vacuum. Empedocles describes an j 
“experiment” in which a girl plays j 
with a klepshydra, or “water thief'} 
(2), a container which has numerous f 
small holes drilled in its bottom. In f 
the experiment the top of the con- j: 
tainer is first closed; the klepshydra : 
is then immersed in water and the tup § 
is opened. As is well known, the! 
klepshydra will first remain filled | 
with air, but when the top is removed! 
water will flow into the container. | 


In a second experiment the container f 
is first immersed, then closed and 
removed from the water. When the | 
top of the container is opened, air J 
enters and the water flows out. Thisf 


experiment seemed to be intended! 
mainly to show that enclosures filled j 
with air only appear to be empty, but| 
that in reality air has physical prop | 
erties. Such an interpretation was! 
overlooked in further discussions! 
however, and the results of the ex¬ 
periment were used by Empedocles in y 
a superficial way to deny the exis-J; 
tence of the vacuum. The atomistic! 
school, however, had never regarded! 
the atmospheric air and the continu-I; 
ous void as being equivalent, A j 

To fully understand the atomist po . 
sition it is necessary to distinguish 
between a microvacuum and 1 1. 
macro vacuum. In ancient time? ' 
objects made up of atoms were 
thought to contain “intervacua” | 
(pores) which explained their differ j 
ent densities, different interactions f; 
(for example magnetization), and ; 
different effects on the senses. In to | 


day’s language these empty spaces 
between atoms are described as the 
microvacuum; the macrovacuum, by 
contrast, is completely empty space, 
containing no atoms at all. In other 
words, as the distances between 
atoms become larger and larger the 
microvacuum becomes the macrova¬ 
cuum. Atqmists like Democritus of 
Abdera espoused the ancient equiv¬ 
alent of the microvacuum, seeing 
atoms as moving in space, with the 
spaces between the atoms empty. 


sequently that sound does not travel 
through a vacuum, while magnetism 
and light can. The latter phenomena 
were later described in farms of elec¬ 
tromagnetic waves by Clerk Maxwell 
of Cambridge. The invention of the 
air pump changed the maerovaemim 
from a philosophical to a technologi¬ 
cal problem. The creation of better 
and better maerovaeuums, that is, 
containers wit h lower and lower gas 
pressure, came to depend only on die 
quality of the pit trips used. 


maintained in pmern! will he ■ howu 
in file following , diiirussinn, To 
present these reasons ii will lieu, be 
necessary to examine flic concept of" 
fields and their iuioracfion.v 

Fields and tlutir quanta 

Historically, the first, field of force to 
be qmmritnliveiv idenlificd w m the 
gravitational field, discovered by 
Isaac Newton. Today four interac¬ 
tions, or forces, are known Ml: st rom? 


The ideas of the atomistic school, 
however, could not prevail over those 
of Aristotle, who rejected the exis¬ 
tence of both microvacuum and 
macrovacuum. For him, the entire 
universe was homogeneously tilled 
with four elements concentrically 
arranged about the midpoint of the 
earth and a fifth matter (quinta en- 
mtia or quintessence), the ether, 
which occupied the space from the 
moon up to the fixed stars. Successors 
to Aristotle advanced the premise of 
“horror vacui,” nature’s aversion for 
empty space, as an explanation for 
the effects observed in the klepshydra 
experiments. 

In the following centuries the ques¬ 
tion of the existence of the vacuum 
fell into the cross fire between teleo¬ 
logy and theology. It is true that some 
early forerunners of today’s engineers 
such as Heron of Alexandria (ca. a.ii 
100) expressed the opinion that al¬ 
though the macrovacuum did not 
exist, the microvacuum did, But all 
conceptions differing from those of 
Aristotle were generally rejected. 
With few exceptions, his ideas as 
handed down by the scholastics were 
considered binding through the 
Middle Ages in Europe. Only with 
" oricelli’s experiments of 1643-44 in 
Florence was the Aristotelian view of 
the vacuum discredited (3), In his 
measurements of pressure Tnricelli 
showed that when a tube filled with 
mercury is inverted in a pool of mer¬ 
cury, the space formed above the 
column of mercury could be filled 
completely with water. He thus 
proved that this space had to have 
been completely empty before, and so 
demonstrated the existence of the 
vacuum. 

The invention of the pneumatic 
pump by Otto von Guericke in Ger¬ 
many in the early seventeenth cen¬ 
tury made it possible for the English 
scientist Robert Boyle to show Sub¬ 


Let us now turn again to the micro- 
vacuum. Rene Descartes, Christian 
Huygens, and (though somewhat less 
definitely) Isaac Newton saw the 
macrovacuum as filled with an ether 
that transmitted the forces which 
made the propagation of light pussi 
hie. This ether was likewise thought 
to fill the microvacuum; hence no 
vacuum could exist, 

In 1897 t)m American physicists Mb 
chelson and Morley tried to show the 
existence of the ether through an ex¬ 
periment designed to measure flu* 
difference between the velocity of a 
ray of light moving through the ether 
in the direction of the motion of the 
earth and the velocity of a ray moving 
in the opposite direction somewhat 
on the principle of comparing the 
speed of an airplane flying in the di¬ 
rection the wind is blowing with t he 
speed of an airplane flying against the 
wind, Michelson and Morley did not 
observe any difference in the velocity 
of light under these two conditions, 
and the concept of the ether could 
therefore no longer he supported. 

This experiment became the decisive 
experimental basis lbr Einstein's 
theory of special relativity, put for- 
ward in 1905, The Michelson. Morley 
experiment had shown the microva- 
cuum to be completely empty. The 
reasons why this idea cannot be 


Table 1. Fields of force and their quanta 

Type of Relative Range Exchange 

interaction strength (cm) panicles 

Stron 9 1 10"' 13 Pions 

Electromagnetic 10"* » P hotons 

Weak 10 -s 10 - n w± 

Gravitational l 0 -« » 22,” 


electromagnet a . weak, and gravity 
flonal (see Table It, At present. 
Physics at tempts to explain lbe-e he 
teradioiiH an exchange* of quanta, 
types of energy packets or particles 
that are the carrier* of the corn? 
^ponding force Held, The strung in 
teraefion, for example, is jiSHimti'd jo 
lie created through t he exchange of ?r 
mesons, often called pions. The car 
Her of the elect roniugrietic humid ion 
is thought lo be fbi' photon and that 
of the gravitational interaction the 
graviton, which, however, lias not 
been observed as yet (see Stephen 
BoiighnV "Detecting ({rnviliifiminl 
Waves,” m this issue), In the case „| 
the weak interaction, flic exchange 
particle L said to be the so called W * 
buxofi, 1 he action of these forces 
through tlte exchange of quanta 
might be compared to that of two 
players throwing a beach ball lank 
and forth, thereby creating a binding 
force between them. 

If is necessary to distinguish between 
fields whose force* are long 
ranged til tie to exert an influence 
wer long distances mu! i la whose 
forees are limited to short distances, 
Heisenberg's uncertainty principle 
relates the uncertainty in the energy 
of n system, A/v, and the uncertainly 
in the time during which tin* system 
eim be observed, At. to Hl.amk’s no 
mericai eumdimt ft in the following 
way; A/AAf > /,. 

krone this equation, the range of a 
force field the distance over winch 
it exerts an influence can be esti¬ 
mated, The rest energy (energy at 
zero velocity) of the exchange parti 
fie, or quantum, that transmits the 
interaction can be used tor AA. Since 
according to Einstein's theory of 
special relat ivity t he internet ion of 
the field with something else can 
propagate at most at flic speed of 
jignl.c, the resulting range of the held 
n « eA/ By substituting ,\y Hum 
flu* tmcerlaiutv relation, tin- depen 
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dence of the range on the energy of 
the exchange particle is obtained as R 
~ he/EE. 

If the rest mass at zero velocity of the 
quantum carrying the field is zero, as 
is the case for the photon, for exam¬ 
ple, it follows from the equivalence of 
mass and energy (in relativity E = 
me 2 ) that AE = 0 also. For AE = 0, 
the range of the force then is infinite. 
Such a range is exactly what has been 
observed in the case of the electro¬ 
magnetic interaction whose carrier is 
the photon, which has zero rest mass. 
The pion, on the other hand, has a 
finite rest mass m W} with an energy 
m v c 2 = 150 MeV (MeV = a million 
electron volts, an energy unit equiv¬ 
alent to the energy an electron re-' 
ceives in an electrical discharge across 
a million volts). This energy leads to 
a force range of 1 to 2 Fermi (1 Fermi 
= 10~ 13 cm) for the strong interac¬ 
tions, a distance very similar to that 
between two particles in the atomic 
nucleus, which is held together by the 
strong interaction. 

After this brief clarification of the 
concept of an interaction, we can now 
attempt to define what we mean by a 


Defining the vacuum 

Common sense tells us that a vacuum 
would be most simply defined as a 
region containing no particles. The 
vacuum would then be the ideal case 
of matter-free space. We begin to 
question this definition, however, 
when we recall that, as discussed 
above, fields contain energy and that 
matter and energy are equivalent in 
special relativity theory. Thus if the 
region considered contained fields, it 
would not be matter-free and would 
not be a vacuum according to the 
“common-sense” definition we have 
just proposed. In addition, we face the 
further complication that, unlike 
matter, a field cannot be pumped 
away. 

It is therefore reasonable to widen the 
concept of the vacuum and make it 
more precise. From what has been 
said, we can postulate two alterna¬ 
tives for the definition of the 


1. The vacuum is the ideal case of a 
space that does not contain real par¬ 
ticles like real photons, electrons, 
. positrons, nucleons, mesons (e.g. 


pions) and does not contain virtual 
particles, so the space is free of matter 
and fields of force. (Remember that 
virtual particles can become real 
particles by a transfer of energy in a 
field.) 

2. The vacuum is the ideal case of a 
space that does not contain real par¬ 
ticles but could contain fields. This 
means that the space could contain 
real photons which have no rest mass 
and virtual particles with and without 
rest mass. 

Of these two definitions the second, 
which fits our “common-sense” ver¬ 
sion, is the most generally accepted 
one in physics today. It contains the 
classical vacuum, the absolute parti¬ 
cle-empty space, but unlike definition 
(1) allows the vacuum space to be 
penetrated by fields. This matter-free 
but not field-free space could be 
called a vacuum under external con¬ 
straints. 

The ideas that will be discussed here 
will show, however, that this generally 
accepted definition can no longer be 
supported and that the following 
definition must instead be intro¬ 
duced: The vacuum is the lowest 
. stable state that a region of space can 
have while being penetrated by cer¬ 
tain fields. This definition contains 
definition (2), since the lowest state of 
a region of space, possibly penetrated 
by a force field, is always free of par¬ 
ticles according to the conventional 
conception of physics. The new con¬ 
cepts introduced by this definition 
will now be examined by considering 
the breakdown of the neutral vacuum 
in strong electric fields. The meaning 
of the neutral vacuum will be brought 
out below. 

Breakdown of the neutral 


Imagine that the nucleus of an atom 
has been stripped of all of its orbiting 
electrons, so that only neutrons and 
protons remain. The space sur¬ 
rounding it is a microvacuum. Elec¬ 
trons brought into the vicinity of this 
nucleus will be bound to it. The Dirac 
equation describes the motion of 
electrons: 

where \f/ is the mathematical function 
which describes the behavior (carries 
the information) of the electron and 


describes the four components of 
the electromagnetic potential. 

In the field-free case [A^ - 0), it fol¬ 
lows from the relativistic connection 
between energy E and momentum p 
that the states in this equation, 
which describe free electrons (that is, 
those not bound to nuclei), can only 
have energies above Am/ 2 and below 
~m e c 2 : 

E= ± V (m e c 2 ) 2 + c 2 p 2 

where m e is the rest mass of the elec¬ 
tron and p = |p| the magnitude of its 
momentum. The free-particle solu-; 
tions to the above equations are nr-; 
bitrarily dense in the energy spec- ■ 
trum, and thus form a continuum of j 
allowed energy states. This conti n- [ 
uum divides into two parts, namely E \ 
> m/ (upper continuum) and E < ] 
m e c 2 (lower continuum), which are * 
separated by the energy gap ~m/ 2 S i 
E < m/ 2 of AE - 2 m e c' 2 

When an electron is bound in an atom [ 
by the attractive electrical force of the I 
nucleus (A„ (r) ^ 0) it can have only j 
certain, discrete energy states. The; 
energies of these bound states lie in L 
the energy gap between Am/ 2 and; 
~m e c 2 and approach -m/ 1 as the i 
charge, AZe, of the nucleus increases, h 
For the case of weak fields, Dirac ha- i 
proposed the following picture. All J- 
states with energies less than ~m/ 1; 
have to be occupied by electrons; f 
otherwise electrons with positive en-; 
ergy (E > m e c 2 ) would fall arbitrarily; 
deep into the states of negative ener- j 
gy, which have no lower bound. Like! 
water running down hill, nature seek- j 
the lowest energy state. If such a fall [ 
were taking place the electrons would j 
give off the energy difference in the} 
form of radiation. However, this? 
continuing radiative decay of elec- f 
trons in our world as they fall deeper)) 
into the negative energy sea has never f 
been observed. It not only contradict? j 
our experience, it is in contradiction! 
to our existence. If such radiative} 
decay were occurring a stable world| 
would be impossible, because stablel 
atoms could not exist. 



unbound (free) slates 


occupied. Figure 1 illustrates parti 
de-atitiparlkie production, which is 
seen us the lifting of an electron from 
the “lower world” into flu* “upper 
world,” for example by a quantum of 
light. The electron now in (lie “upper 
world” ami the hole left in the “lower 


world” form 


pair, Pair pm 


The fact that the states have to beg 
occupied with electrons exactly up te| 
E < ~m 0 c 2 , and not some otherl 
value, is established by precise e*|; 
periments on electron-positron paiif 
production. These experiments shoul 
a threshold energy of exactly 2m e c 3 i 
for the production of an e + e‘ paki 
and also provide evidence of an en-i 


-unbound (free) strife: 


Figure 1, The solutions of the Dirue equmnn, 
form a continuum for any energy level above 
m„e 2 and below -m/. These states are un¬ 
bound, while the bound, discrete stales lie in 
the region between the continue. When cm 
electron (black) is lifted from the lower to the 
upper continuum, as schematically indicated 
here, a hole is created in the lower continuum 
which is interpreted as the antiparticle of the 
electron, the positron (color). Conversely, if an 
electron from the upper continuum drops into 
a hole in the lower continuum by emitting 
photons, the quanta of light, an electron-posi- 
trial pair is annihilated by radiating its energy. 
Curved lines represent the binding energy of mi 
electron in an atom with charge Hr. 


ergy continuum for electrons and 
positrons beyond this threshold. The 
occupied negative-energy-state con¬ 
tinuum is called the Dirac sea. A state 
in the Dirac sea that is not occu¬ 
pied—that is, a “hole”—fs seen as a 
positron, the antiparticle of the elec¬ 
tron. Such an antiparticle has the 
same mass, but the opposite electrical 
charge, as the particle itself. 

The confirmation of the existence of 
such holes in the negative energy sea 
by Anderson’s subsequent discovery 
of the positron in 19112 was a great 
triumph for the Dirac theory of the 
electron. The description of an elec¬ 
tron falling from a state with positive 

energy (the “upper world") into a hole 

in the “lower world” is another way of 
talking about the process of particle- 
antiparticle annihilation. In this 
process, the particle and antiparticle 
disappear, and the energy corre¬ 
sponding to the rest masses and ki¬ 
netic energies of the two particles is 
given off in the form of electromag¬ 
netic radiation. 

Let us now introduce the concept of 
the Eermi surface , which character¬ 
izes the energy level below which all ; 
states—discrete ones where the par- i 
tide is bound with only certain ener- | 
gies allowed or continuum ones where I 


_ duction is the reverse of pirir annihi 
les latum, described above. 

The problem arises, however, that the 
"" state which represents this lower 
™ world filled with electrons has infinite 
total charge and total mass. A way out 
in is provided by the theory of charge 
!u- conjugation syminel ry, which stipu 
*1 hates that the Dirac equation holds 
j" not only for electrons, hut also for 
m positively charged electrons, the 
to positrons, For a positively charged 
w nucleus of small charge, fvfe, the 
hound states lor the positrons moving 
,i in this potential he close to c •' 
the same potential that holds for 
electrons. Their energy increases 
that is, becomes less negative with 
increasing charge on the nucleus. Tin's 
means that the positrons have hound 
states in spite of the fact that they are 
1 moving in a repulsive potential. These 
! states are pulled out of 1. he negal ive 
• energy continuum into the energy 
! gap. as shown in Figure 2 . 

; Remarkably, the electron spectrum 
and the positron spectrum are mirror 
images of each other (Fig. 2), In the 
electron spectrum, an electron hole is 
interpreted as a positron, while in the 
positron spectrum a positron hole 
represents an electron. Because of 
charge conjugation symmetry, a pus 
Aron hole is indistinguishable from an 
electron and vice versa. A violation of 
this symmetry would obviously ne¬ 
cessitate the existence of two kinds of 
electrons and positrons, .Since t his has 
not been observed, the concept of 
charge conjugation symmetry 
stands. 

Combining the two configurations 
described here into one, we arrive at 
a model for the vacuum (Fig.;]), the 
state in which the lower continuum is 
filled with electrons and the upper ' 
continuum ia filled with positrons, 

; 1118 8t f le > which can be constructed . 

trom charge conjugation symmetry, 
has a total charge Q »{), and— after « 
renormalization of the energy to re- 11 
move a mathematica! singularity 
(infinity) m the equations in the I 1 
field-tree case-a total energy E * o, J 
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In this case the vacuum is chargeless 
and massless, and we therefore call it 
the neutral vacuum. We will see 
shortly that this neutral vacuum col¬ 
lapses (becomes unstable) in very 
strong, so-called overcritical, fields. 

The electric charge-density distri¬ 
bution, pvp{r), for this vacuum is 
Pvpir) = 

E L 

2 \e<e f e>Ef I 

where -e is the charge on the electron 
and \//e and ^ are the wave function 
and its complex conjugation for an 
electron with energy E. The product 
is a probability distribution for 
the electron to have energy E. The 
index VP stands for vacuum polar¬ 
ization, an expression which will be 
explained below. The charge-density 
distribution of the vacuum is there¬ 
fore given as the difference of the 
probability densities below and above 
the Fermi surface, Ep, multiplied by 
half the elementary charge. In the 
absence of fields, it follows from 
symmetry that pyp(r) = 0. 

It is apparent, in addition, that the 
electric field created by the protons in 
an atomic nucleus is directed radially 
outward from the nucleus, Because of 
this electric field, the wave functions 
with E > Ep are pulled toward the 
center of the force, while those with E 
< Ep are pushed away from it, creat¬ 
ing a displacement charge called the 
vacuum polarization. This effect can 
be visualized as a distortion of the 



Figure 4, The electron cloud and the dipole 
layer produced by the vacuum polarization are 
shown in this schematic sketch of an atom. The 
shaded sphere in the center represents the 
nucleus. The electron “sees” not only the pure 
electric field of the protons in the nucleus (in¬ 
dicated by arrows), but also its modification by 
vacuum polarization (separation of charge in¬ 
dicated by the ± signs), The s electrons, which 
have no orbital angular momentum, t, have a 
relatively large probability of spending part of 
their time at the center of the nucleus, and thus 
experience an additional interaction known as 
the Lamb shift, 



Figure 5. The shake-off of the vacuum polar¬ 
ization cloud in the superheavy quasimolecule, 
illustrated here, is a new effect which has re- 


vacuum polarization field (see Fitf. 
4 ). 

Besides the effect of the vacuum po¬ 
larization, the Lamb shift contains 
also the self-energy correction, which 
can he thought of as a state-depen¬ 
dent, variable mass from the emission 
and reabsorption of photons, or light 
quanta. In p~ mesonic atoms, an 
electron is replaced by a p~ meson 
270 times heavier in mass, which or¬ 
bits much closer to the nucleus. The 
effect of vacuum polarization is 
therefore much larger in this case 
than in ordinary atoms. The principle 
for the detection of vacuum polar¬ 
ization is again the shifting of the 
energy levels, which has now been 
measured very accurately. 

A completely new method of detec- ; 
tlon has been proven feasible by ex- ; 
periments currently being conducted j 
with the UNILAC accelerator at the i 
Society for Heavy Ion Research (< LSI ) 
at Darmstadt near Frankfurt am 
Main, Germany. When two heavy ; 
ions, for example two uranium ions, ] 
collide at sufficiently small distances ; 
(about 25 Fermi), a strong polariza- !' 
tion cloud is formed that encloses i- 
both nuclei, as shown in Figure 5 . For j 
a short time during the collision, a j 
superheavy atom is created, which is 1; 
more accurately called a superheavy ; 
quasimolecule, since it still consists of j 
two force centers. 

During the collision, the vacuum po- ■ 
larization cloud of the superheavv f 


wave functions, which oscillate freely 
in the absence of fields, as the at¬ 
tractive field pulls the wave functions 
of the upper continuum toward the 
center and pushes those of the lower 
continuum away. 

The vacuum polarization can also be 
seen as a layer of dipoles with equal 
positive and negative charge and thus 
total charge zero. The integral over 
all space results in no charge, 
Jpvp{i)dH = 0. The vacuum polar¬ 
ization charge density pvplr) is 
therefore a displacement charge 
density. In the vicinity of a central 
positive charge there is a charge sep¬ 
aration, with the negative charges 
being attracted to the center and the 

positive charges being repelled. 

Thus the phenomenon of vacuum 
polarization provides the first sug¬ 
gestion that the vacuum may be a 
physical object. The question imme- 


cently been verified experimentally ((>, 7). The 
many small dipoles of the vacuum polarization 
cannot follow the rapid motion of the two 
nuclei; hence the electron-positron pairs in the 
dipole layer are shaken off, as indicated by ar¬ 
rows. This effect can also he interpreted as n 
collective excitation of the vacuum, arising 
from the combined (molecular) action of both 
nuclei, 


diately arises: What is the evidence 
for vacuum polarization? The first 
experimental evidence of the exis¬ 
tence of the dipole layer was the 
measurement of the Lamb shift , for 
which Lamb and Kusch received the 
Nobel Prize in 1955 . The Lamb shift, 
the change in the energy of the 2p 1/2 
electronic level relative to the 2.91/2 
level in an atom, occurs when an 
electron flies through the effective 
field created by the imposed central 
electric field of the nucleus and the 


quasi molecule cannot follow the rapid f 
change in the distance between the I 
centers of the two nuclei and a part of},_ 
the cloud is shaken off, thereby §•. 
creating a large number of electron- I. 
positron pairs. This process, called l 
the "shake-off” effect (see Fig. 5 ), is ? 
a collective excitation of the vacuum, f 
The effect was predicted by Soff and f 
his co-workers ( 5 ) and has recently | 
been detected experimentally by | 
Baclce, Bokemeyer, Kankeleit, § 
Greenberg, Kienle, and their collab* 1 : 
ora tors ( 6 , 7 ). Thus, the vacuum po -1 
larization has in a sense become real, f 
because it has been observed not I 
simply indirectly through an energy : 
shift in an atom but directly through j 
its creation of real electron-positron 1 
pairs, as described below. i 

For the following considerations, we j 
can omit the complications that arise j 
from charge symmetry and go back to it 
our original picture (Fig. 1), The *■.. 
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Fermi surface Ep, that is, the zero lem is avoided in so-called self wm through a riimitje in sheenrmiiii Mich 
level of the vacuum, cannot he lower sistont treatment, as can he* shown for that the singularities out 

than -m e c 2 without contradicting the case of a point.-like nucleus. As- and thereby removed, 
our experimental knowledge. We sumo a model oflhe nucleus in which 

know that the threshold for eV pair the charge is concentrated in a point. Limiting elncf ruilia'GlPtlV 
production is 2m,,c 2 . If Ep was lower This point-like nucleus can be con « (4 } f | K * 

than ~m e c 2 , e + e~ pairs could he sidered the limit of an extended uu 

produced with arbitrarily small en- deus with its radius going to zero. If An important question still 
ergy, and the energy spectrum would this limit is taken for u nucleus with to he answered: Gotilil flit* vuimni 
show a clear gap, which has never charge Z approaching 1 37 (lit? » l/o remain stable through niechanisins 
been seen. Envision now the following where tv is the “fine structure" eon we have nut vet incorporatedinfi.our 
experiment: Create a “superatom” stant introduced in explaining the considerations? This would mem 
™ 0 a P^°» number z tew than electronic structure of atoms), all that for arbitrary large charges /J»i 
m (8). I his is equivalent to applying electronic energy levels with quantum the nucleus I he dweie mm levels 
a very strong external electric field, numbers «*,/.,and np m drop more would still lie above the negat ive en 
vs soon as the charge of this fictitious end more steeply towaitl the negative ergy conf.iui.iuin. Much a model Has 
atom becomes equal to the critical continuum. At Z » lit? they finally heen invesfigated |, v i|»* .Vmikfuri 
charge Z cr a£ 173, the energy of the “fall” vertically into the negative wM (/ 1, /;(), following earlier work 
lowest electron level in this atom, the continuum, meaning that at this by IWn and infeld 1 /;/,. F fnm i he 
spa state, reaches m v c-. For 7 > point the vacuum becomes infinitely theory of relativity it j s known tliu 
the Is 1/2 state energy goes below charged (sot* Fig. fi), A sulf-wnwistenl Hie spend ot light. 1 , ;i 
-m c c (see fig. 6). treatment of such a problem leads to speed. In Lagrangian theory this li J-\ 

T ,1 . . ■ . . u self-screening of the vucuum, untler isdeHcrihedloraireemirfiVIeofi'cM 

other words, in the Dirac picture which the divergences (infinities) «f lllilss as 
the energy of this level drops into the the electric potential and field, Vtr I 
negative-energy Dirac sea. If one of - l/ r and Kir) - lfr[ disappear, 
the two Iat/ 2 electrons is missing, an This means that the pathological 
wirhnnfUn th ? t Dlra e Sea can tllen P oints » or ^^ularities, inilially given 

by the p,,,eiiiiai mi,si<it ' . .. ».. 

tive-energy electron in the Dirac sea 
does not give up any energy to be¬ 
come bound, since it already has the 
right negative binding energy). The 
hole created when this electron be¬ 
comes bound in the atom will fly away 
from the nucleus as a positron (Fig. 

7 ). The interpretation of this effect is 
that the neutral vacuum breaks down 
spontaneously at Z * Z lT ; because of 
the Pauli exclusion principle, which 5 

holds that no two electrons may si- I 0 
multaneously occupy the same * 

quantum state, only a charged vacu¬ 
um remains stable at Z>Z„. 

This is an exciting and totally unex¬ 
pected process, because it shows that 

empty space—the vacuum -.cannot 

remain empty in the presence of a 
strong external field. The space has to 
become charged, through the emis¬ 
sion of antiparticles. A particle-free 
space—-particle-free vacuum—-is 
impossible under these conditions. 

Research leading to the prediction of 




this fundamental new process and its 
consequences has heen carried out by 
the Frankfurt school, led by Greiner 
( 5 - 9 ), and was paralleled in part by 
the work of the Moscow school (W). 

If the external field is increased fur¬ 
ther, the vacuum is charged more and 
more, theoretically leading to an in¬ 
finitely charged vacuum. This prob- 


logure h. fhe energy Kpet-trtim ureltrtnmi in 
very Mining central electric fields is shewn «h « 
function of the central charge &>. The various 
energy levels nr'“shells". levels at which the 

electrons orbit the nucleus.are indicated by 

curved turn At £ *173 the b electron level 
(the lowest energy level) dives into the negative 
energy continuum and the neutral vacuum 
breaks down, Only a charged vacuum is stable 
in overcritical fields. If the central charge is 

.. . 

-P 1/2 ~ level) the vacuum becomes even 


more highly charged, The charged nwns art 

new phase* «l tin- vacuum; llu- transition from 
lw itwtt rut tMi!u*i'lmrj.!,*ij vaninm is, mmtelv 
«l>tow transition li m mHutia.d mmn 
ruiHet were to evisi, tla-n all ifi,- a,, 
leveK ai / ■ IT....mt m, 

would lie infinitely ringed i|,, Al .,. f j,,. 

•d the eleiiMH-htion n .. 

s lielding *tl the vacuum mkt j.L,, yliilirina 
ihevacuuiii at inrft(i03 in on 1 Haagi- .ono, ^ 

wliit-lt 1ms not ye! hmen t^itorimrmaik «!»• 

teclr.1 






electrostatics are described by the 
Lagrangian density for electric 
fields 


Lbi = E 0 2 


£\ 2 

i-i j -i 
fiii 


where E 0 is a possible limiting elec¬ 
tric-field strength. Such a limiting- 
field electrodynamics must be con¬ 
sidered a model for maximum vacu¬ 
um polarization (see Fig. 8). Careful 
examination of the breakdown of the 
vacuum within the framework of this 
theory (11 , 12) leads to the following 
important finding: To prevent the 
electron levels from dropping, it is 
necessary to assume such large lim¬ 
iting-field strengths that they would 
alter the electron energies for low Z 
(normal, known) atoms. Since the 
energies in low Z atoms have been 
measured precisely,, contradictions of 
experimental data would result. Nor 
would changing the Dirac equation by 
adding nonlinear additional terms 
similar to those suggested by 
Heisenberg (14) 

lihd e . V 
yH—-+-AJ 

[dx 11 c 7 

+ m e c + - 0 

prevent the breakdown of the vacuum 
without contradicting known mea¬ 
surements. 


Superheavy 

quasimolecules 

We now turn to the question of how to 
test experimentally these new ideas 
about the behavior of the vacuum in 
very strong external fields. The re¬ 
pulsion of the protons makes it very 
difficult if not impossible to form a 
nucleus with Z > 105. A different 
approach had to be found, and one 
based on experience with nuclear 
molecules in nuclear collisions was 
therefore developed (15), During 
1969, in the inter-university seminars 
at GSI, Greiner pointed out the pos¬ 
sibility that intermediate electronic 
quasimolecules were formed in 
heavy-ion collisions (11 ). A similar 
thought came from Zeldovich and 
Gershtein (16). According to this idea, 
the breakdown of the neutral vacuum 
can be studied in heavy-ion collisions 
where the sum of projectile and target 
charges exceeds Z cr and quasimole¬ 
cules are formed. 

A nuclear molecule is formed when 
two nuclei remain in the near vicinity 
of each other for a period of time 
which is long compared to the time 



Figure 7. In nvercritical fields, space becomes 
charged through the emission of antiparticles, 
In principle the vacuum is no longer empty 
under these conditions. The shaded sphere in 
the center represents the superheavy nucleus, 
the source of the electric field indicated by ar¬ 
rows; the diffuse cloud represents the electrons 
of the charged vacuum. If this electron cloud is 
pumped away, new positrons (represented by 
<?+) will be emitted and the cloud will reappear. 
Hence under the extreme conditions of super¬ 
critical fields the vacuum is no longer empty. 



Figure 8. Effective electric-field strength is 
schematically represented as a function of the 
external field, Here E c (i consists of the external 
field strength plus the opposing field due to the 
vacuum polarization. In a limiting-field theory 
the effective field approaches the limiting 
electric-field strength E 0 . 


necessary for an electron to orbit a 
nucleus. The length of time must be 
sufficient to allow an electron to orbit 
the two combined nuclei as if they 
were a nucleus of charge Zi + % 
Even though the two nuclei never 
fuse, they indeed form a superheavy 
quasiatom, or more accurately 
quasimolecule, with charge Z\ + 
(see Fig. 9). The existence of these 
quasimolecules has subsequently 
been proven through the measure¬ 
ments of characteristic K-x-ray 
spectra pioneered by Walter Mey¬ 
erhof of Stanford and Jack Greenberg 
of Yale (17). 

Let us now consider superheavy 
quasimolecules such as the ones 
formed in a uranium-uranium colli¬ 
sion. If the incident energy of the 


projectile is high enough for a given 
scattering angle—i.e. for a suitable 
impact parameter—the Is level drops 
into the negative energy continuum. 
This is called the overcritical heauy- 
ion collision. The time-dependence 
of the energies (18) of some of the 
inner electron levels in such a sup¬ 
erheavy quasimolecule is shown in 
Figure 10. The Is level drops for 
about 2 X 10~ 21 sec. 

Holes in the K -level are produced by 
emptying it into higher levels (see Fig. 

10, process a ) or the upper continuum I 
(process b). These holes decay in the j 
lower continuum, either sponta- i 
neously (process c) or because decay i 
is induced (process d) by the energy ! 
of motion (i.e., the time-dependence ; 
of the potential). The spontaneous i 
and induced breakdown of the neu- s- 
tral vacuum into a charged one, which ■ 
will be observable through positron 1 
emission, is the effect we want to j. 
show, and may be marked by the j 
production of induced positrons r 
produced by transitions into higher ; 
levels (process e). In addition there is j 
the “shake-off” effect (process /), (•■ 
described above, as well as some other j.' 
effects not discussed here. It is be- 
lieved—and current experiments 
confirm—that a suitable choice of ; 
experimental parameters will make it .im¬ 
possible to study the breakdown of ; 
the neutral vacuum in the way pre- j 
dieted by work carried out with the f- 
accelerator at GSI. j, 

Strong gravitation S 

Applying these ideas to gravitational j. 
interactions is especially exciting. In f 
order to discuss the behavior of the | 
vacuum under the influence of strong j 
gravitational fields, we must briefly ; 
review the basic ideas of Einstein’s j; 
theory of general relativity. The K 
square of the distance between two j 
points can in general be written as : 


l Ui a Dliuiucau MUU IS, MU' 

space familiar to us, in Cartesian 
coordinates we have Pythagoras’s 
theorem 

ds 2 = l dx 2 + l dy'H l dz' 1 

i.e. the metric is not warped. We call 
this a flat (noncurved) space. By 
contrast, this distance is quite dif¬ 
ferent in a curved space. For example, 
the distance between points A and B 
is no longer a straight line, but follows 
some longer curved path. An ant 
having to live and crawl on the surface 
of a curved space will experience 
forces keeping it on the surface, and 
would interpret these forces as grav¬ 
itation. We have a similar situation in 
our three-dimensional configuration 
space, or, if we add time as the fourth 
dimension, in- four-dimensional 
space-time. In general relativity 
theory it is assumed that the curva¬ 
ture of space is produced by masses 
and energies contained in it. The lh- 
mous Einstein equation quantita¬ 
tively describes the curvature of 




Rik = C(p‘ - -gikfj 

Here R ik is the Riemann curvature 
tensor, which is a complicated func¬ 
tion of the metric tensor g ik and its 
derivatives; C is a constant; and P> 1 
is the energy-momentum tensor, 
which essentially describes the energy 
content (mass, radiation, and other 
fields) of the. space, It is important 
that through these equations the 
curvature R l,{ and therefore the 
metric g ik of the space is determined 
by the energy present in the space. 
The gravitational forces, which result 
from the curvature of space, therefore 
also depend on the energy distribu¬ 
tion in the space. . 

In flat space, the length element in 


ds 2 = Y l 8ik(x)dx i dx k 


1 -wiuiuuatcn \W1LI1 Unit* 

as the fourth coordinate and remem¬ 
bering the speed of light as the limit- 
'P is 


s gill(x)dx‘dx k [ ds 2 = cW - dr 2 


where x is the space point at which ds 
is measured. The vector dx = |dx'( to 
the neighboring point has the infini¬ 
tesimal length elements dx 1 along the 
coordinate directions as components, 
and gik (x) is the metric tensor which 
describes the distortion of space, i.e. 
the metric, at point x. (In accordance 
with Einstein’s sum convention, the 
summation sign is omitted for sums 
over identical indices.) 


• r 2 (dfl 2 + m 2 lldf) 
Now consider the spherically S ym- 



<>f (fit* 

tlMCloil! 


figure!). In a collision nf two heavy mum in 
which a qimmnmlecule is tunned, the inner 
electrons (hlurlii orbit both nuclei together,/is 
illustrated here, following the motion of the 
nuclei. The distance between the nuclei is in 
(Heated by R , (he impart parameter by h. The 
nmer orbit, at the left represents the 1%,* shell, 
which is emptied by processes of types (a) 
excitation of electrons into higher shells mid 


(Id- excitation of electrons into i|,, 
eimtimnna IWeva-Mc) ami tdi indicate re. 
speetively tin- molecular and atomic x-ray 
transitimis, I he Molecular wav , are emit led 
Irotn the iulci median-ijimsinmlci u!e, indicated 

by solid lilies Icciirer), while the auuiiic x-fayo 
stem Irotn the rearrangialafoiii after the colli- 

sum, shown at the extreme right. 


cuuu. mass reuergyj, j 

element then has the form 

^ u L,dx ( 2 -g n dr 2 

~ r 2 (dtl 2 + m 2 ()df) 

Kere g wi is the time-dependent and 
Sn the space-dependent part of the 



Figure 10. Shown here are the inner electron 

energy levels jn a auperheavyquaslmnleajle a« 

a function of time, t, with processes (aj.(f) j n .- 
dicated at appropriate locations. Black dots 
represent electrons filling the state!, of that 
energy level; colored circles indicate electron 

At th f deepc6t P° int the is level, 
the colliding nuclei are at the distance of cIohmi 
approach. These two-center levels of the Dirac 


equation were first calculated hv Muller and 
hiK According to a theory 

proposed by Buff arid his t'ulhilionitors ffij, 
these electron urhinds in Mipmlu-au unasi 
muleculo cim he deduced I’roni tin* niMihitred 
X»muiz.utii»n iJrnbaliilities m. a functionoi the 
impart parameter, which can he hail through 
the scattering angle of the projectile 
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Figure 11. Differences in the effective poten¬ 
tials acting on a particle as a function of the 
distance r for Newton’s and Einstein’s gravi¬ 
tational forces are illustrated. The latter is 
strongly divergent for r -*■ 0, which means that 
particles within this nearby zone are unavoid¬ 
ably dragged toward the center. This suggests 
that a black hole contracts to a point, 


metric. For the time-independent 
problem the exact solutions of the 
Einstein equations were given in 191(5 
by Schwarzschild (19), and from 
these solutions it follows that 

gM = l- — ,Sn(r) 


with m = kM/c 2 . Here M is the mass 
of the central body. It is immediately 
clear that at the Schwarzschild radius 
r, = 2m, g, m o and g rr ». This 
means that at this critical radius light 
emitted close to the source is hound, 
circling in wild orbits around the 
mass. An event horizon is created, a 
concentric region around the central 



mass out of which no signal, i.e, no 
electromagnetic wave, can be sent and 
no matter can escape regardless of its 
velocity. On the other hand, photons 
can penetrate to the inside and all 
mass in the vicinity is sucked into this 
region. Because nothing can leave 
such a region, this state of matter is 
called a black hole. It can be shown 
that black holes can be large, pro¬ 
duced from objects the size of a star 
(macro black holes), or very small 
(micro black holes). 

Black holes and the 


In order to reach a deeper under¬ 
standing of black holes and of the 
behavior of the vacuum in strong 
gravitational fields, we need to con¬ 
sider the potentials that are effec¬ 
tively acting on a particle in Newton's 
and Einstein’s theories of gravitation. 
While the effective potential in the 
Newtonian theory is of the form 

t/ kM a. l* 

V N ( r ) = — + .~~ 

r 2 r 2 

it has an additional term in Einstein’s 
theory 

„ , , kM l 2 r,- 

va(r) = — 

r 2r 2 r 

In Figure 11 the dependence of both 
potentials on the distance r is plotted 
for an angular momentum l = 0. As \ 
can be seen, the potential reaches; 
arbitrary large negative values when 
r o because of the additional term ; 
containing the Schwarzschild radius, ’ 
This means that the black hole con* ; 
tracts to a point; in other words, it; 
becomes singular. 

The question now is what happens to l 
the vacuum in the vicinity of such a > 
singularity. Consider the solutions of T 
the Dirac equation in the field of an • 


Figure 12. The energy level of a spin \ particle f 
in the gravitational field of an extended mas | 
with radius r„ is shown. The upper levels de | 
scribe the particles, the lower ones the anti , 
particles. The symmetry between both come* 
about became of the charge-symmetric inter¬ 
action of particles and antiparticles with a j. 
gravitational field. As the radius r« ofthecen ; 
fral mass decreases, the energy gap between | 
upper and lower levels becomes smaller, and \. 
conditions become more favorable for thecre- •. 
ation of particle-antiparticle pairs. At a, ~r, \ 
the vacuum seems to break down. During the ? 
collapse of a matter cloud, the time-dependent | 
metric lends to induced and direct pair ere- t 


extended, uncharged spherical mass. 
Soffel and his co-workers (20) have 
solved this problem and found that 
the closer the radius of the mass is to 
its Schwarzschild radius, the closer 
the solutions of positive and negative 
energy approach each other until they 
meet with energy zero at the 
Schwarzschild radius (Pig, 12). 

Let us take the example of an electron 
orbiting a spherical mass (not a nu¬ 
cleus but a star which has not yet 
reached its Schwarzschild radius!). If 
this mass is compressed, the electron 
energy is lowered until it reaches zero 
at the Schwarzschild radius. The 
lowering occurs for all electron states, 
while all positron states are increased 
in energy (see Fig. 12), which means 
stronger binding for the positron, 
since its energy is measured from K - 
0 downward. This reflects the charge 
symmetry of the gravitational field. 
On further thought it is apparent that 
a neutral cloud of mass which con¬ 
tracts under its own gravity emits 
particle-antiparticle pairs because of 
the resulting time-dependent metric. 
The direct production from the lower 
to the upper continuum, a process i 
studied by Hawking (21 ), results in a 
continuous radiation of pairs. j 


Figure IS. The el'l'ei live potent inis, if iheelee 
iron for a neutral star, a positively charged star, 
and a negatively charged star are represented 
as a function of the radius of the ndlapsing 
mass. The energy contimia ant distorted by the 
central mass. The horizontal lines indicate the 
occupied Dirac sett, showing the positron emi 
tinman in the first; two cases and the electron 
ctmliiiimm in the third. The wavy line , indicate 
the Fermi surface, i.e. the vacuum stale, which 
is stable in the case of t he neutral star Jail, un- 
stable lor hath the positively and negatively 
charged stars, in the latter cases the vacuum 
decays until the star is practically neutral 
wed. 


£ i tern! Ml 


to is m m 


L i Negatively charged 


This process is analogous to the 
“shake-off” of the vacuum polariza¬ 
tion in the heavy-ion collision de¬ 
scribed earlier. Shortly before the 
Schwarzschild radius is reached only 
a small amount of energy is necessary 
(or induced pair production (see Fig. 
12), and at the Schwarzschild radius 
spontaneous pair production seems to 
occur. 

The induced breakdown of the vacu¬ 
um here also has its analog in the in¬ 
duced breakdown of the vacuum in 
heavy-ion collisions. In this case both 
particles and antiparticles are bound. 

I heir annihilation is soon accompa¬ 
nied by emission of 7 -quanta, which 
are able to escape because the 
Schwarzschild radius has not yet been 
reached. The production of particle- 
antiparticle pairs during the collapse 
is comparable to the direct induced 
and spontaneous pair production in 
heavy-ion collisions. This pair pro¬ 
duction draws energy out of the col¬ 
lapsing mass. Muller and his collab¬ 
orators (22) have shown that the star 
is decelerated by such a process. The 
deceleration of the collapse because 
of direct pair production is relatively 
small. 


s, There remains the possibility lhat the 
d collapsing mass is charged, In Figure 
ia HI, the effective potential as deter* 
h mined by the investigations of Soifel 
s and his co-workers (21 ) is shown for 
e a neutral, a negatively charged, and a 
I- positively charged mass as a fund ion 
t of the radius, It can lie observed that 
‘ for a Positively charged mass the 
s continuum decays by electron cm is- 
f sion, and that this decay occurs before 
• the Schwarzschild radius is reached, 
A charged star therefore loses its 
1 charge very quickly; a value of 
1 10 41 Vi m for the ratio of charge over 
mass of a star (e/m is the specific 
charge of the electron) can lie esti¬ 
mated. Therefore black holes, if they 
can be produced in some way, have to 
he mainly neutral, 

Practical consequences 

In surveying the overcritical cases of 
various interactions it becomes ap¬ 
parent that the neutral, particle-free 
vacuum breaks clown, The vacuum 
therefore shows a behavior similar to 
that of a polarizable medium, The 
findings presented here demonstrate 
conclusively that a new definition of 
the vacuum is necessary. The best, 
moat general definition is the fob 
lowing; The vacuum m the lowest 
stable state possible under the given 
conditions, that is, under impressed 
constraints. This definition is sensible 
because it contains earlier definitions. 
We have seen substantial evidence 
that this change of concept is not 
purely theoretical, but has practical 
consequences. In particular, it could 
modify our ideas about what happens 
at the end of a star’s history, Fur¬ 
thermore, the concept of the break- 
down of the particle-free vacuum In 
the overcritical heavy-ion collision 
can be tested and has already been 
partially verified experimentally, 
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Given these considerations, it is ob¬ 
vious that we are looking forward 
with great anticipation to the further 
examination of these fundamental 
questions in current and future ex¬ 
periments at the heavy-ion accelera¬ 
tor at GS1 and in research to he un¬ 
dertaken at new accelerators under 
construction at Caen in France and it 
Oak Ridge in the United States. 
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“This is the part I always hate.” 


Arthur P. Arnold 


Sexual Differences in the Brain 

Marked physical differences in brain regions 
concerned with sexual functions provide new insight 
into the roots of sex differences in behavior 


uaoiL uuocx vawuna we 

make about human behavior is.that 
men and women are different. Those 
of us who observe animal behavior are 
also immediately impressed with sex 
differences, especially in behavior 
patterns which are important in re¬ 
production. For example, parental 
care is frequently performed pre¬ 
dominantly by one sex: in red-winged 
blackbirds, the females look after the 
young, and in South American rheas, 
this is the duty of the male. What are 
the roots of these sex differences in 
behavior? It is important to try to 
identify genetic, physiological, and 
environmental factors that determine 
whether an animal will act in a mas¬ 
culine or a feminine fashion. In con¬ 
sidering the origins of these differ¬ 
ences, I wish to examine recent in¬ 
formation on neural and hormonal 
factors that appear to explain some 
sex differences in reproductive be¬ 
havior in rodents (especially rats) and 
in song birds (represented by the 
zebra finch and the canary), In both 
of these groups, courtship or copula- 
tory behaviors differ between the 
sexes. Research on rodents originally 
served to define the important theo¬ 
retical issues regarding the origins of 
sex differences in behavior, yet recent 
work on song birds has demonstrated 
that rather large and pervasive ana¬ 
tomical sex differences in the brain 
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e may lie behind the behavioral differ- 
it ences, 
e 

e In rodents, the act of mating usually 
x involves little courtship, which may 
r be related to the fact that pair bonds 

■ are not common. The male rat ap- 
1 proaches the estrus female, mounts 

■ her from behind, palpates her flanks, 

1 and begins pelvic thrusting which 
i results in several intromissions and 
i then ejaculation. There ensues a pe- 
! riod of little or no mounting, during 
1 which the male grooms himself before 

1 another copulatory sequence begins. 
The female behaviors are qualita¬ 
tively different. When the female is in 
estrus and is mounted, she extends 
her hind legs, elevates her rump, and 
dorsifiexes her vertebral column, all 
of which constitute the posture of 
lordosis. Female rats will also show 
behaviors of darting and ear wiggling 
when pursued by the male. The sex¬ 
ual behaviors of rats are under the 
influence of sex steroid hormones: 
removal of the gonads eliminates or 
reduces the frequency of these be¬ 
haviors, while administration of go- 
nadal steroids reinstates them. Thus, 
androgens reinstate male-typical 
behaviors such as intromission and 
ejaculatory thrusting, and estrogens 
(usually with progesterone) restore 
lordosis and other female-typical 
behaviors (Phoenix et al, 1967). 

This sex difference in behavior could 
reflect different behavioral capacities 
or alternatively, it is possible that 
both sexes are capable of showing 
male- and female-typical behaviors, j 
but that testicular hormones induce ’ 
male-typical behaviors and ovarian i 

secretions bring about female-typical I 

behaviors. Indeed, castrated male rats j 
given estradiol and progesterone will f 
show some lordosis, and ovariecto- < 
mized female rats given androgens \ 


.... WIU1V" 

lore (Young 1961; Beach 1971), Thus 
each sex possesses the capacity to 
show heterotypical behaviors, and 
hence must possess to some extent 
the neural circuitry responsible for 
heterotypical behaviors. However, it 
is also true that males given andro¬ 
gens will show more male-typical be¬ 
haviors than females, and conversely, 
females given estrogen and proges¬ 
terone display more lordosis and fe¬ 
male-typical behaviors than males, 
Thus it is still possible that there are 
some real sex differences in neural 
networks which underlie these dif¬ 
ferent reproductive behaviors. In this 
sense there may lie real sex differ¬ 
ences in behavioral capacities. 

The organizational 
hypothesis 

One of the most significant concepts 
in this area in the past few decades 
has arisen from the demonstration 
that the neonatal secretions of the 
gonads are important in determining 
whether an animal will behave in a 
male-typical or female-typical fashion 
as an adult. Genetic females injected 
with a single dose of androgen around 
the time of birth can be permanently 
masculinized behavioral!y, as well as 
^feminized. That is, such a genetic 
female will show male-typical be¬ 
haviors more frequently and female- 
typical behaviors less frequently as an 
adult, compared with a normal fe¬ 
male. Similarly, males deprived of 
androgens by castration at birth will 
be feminized and demaaculinized. 

1 bus the presence or absence of 
perinatal androgens appears to de¬ 
termine irreversibly the nature of 

adult sexual behavior shown by rats 

and other rodents (whereas perinatal, 
ovarian secretions do not appear to 
play a role), 











.This observation has spawned the 
notion that neural circuits underlying 
sexual behaviors are permanently 
“organized” by hormones during the 
neonatal period (Phoenix et al. 1959). 
Neonatal androgens are thought to 
enhance the formation or retention of 
neural pathways involved in male 
sexual behavior, and to inhibit the 
formation or retention of neural 
pathways involved in female sexual 
behavior. Actually the presence and 
absence of these two modes of be¬ 
havior are somewhat independent, 
since by manipulating the timing or 
nature of neonatal steroid treatment, 
it is possible to produce animals 
which show both male- and female- 
typical behaviors in adulthood, The 
two types of neural pathways are 
therefore not mutually exclusive 
(Beach 1971; Christensen and Gorski 
1978; Whalen, in press). 

Several authors have criticized the 
concept of organizational effects of 
hormones. One criticism is that with 
regard to male-typical behaviors in 
some species, such as the rat, it is 
possible to account for the “organi¬ 
zational” effects by assuming that the 
androgens masculinize the penis, in¬ 
creasing its size and tactile sensitivity, 
which in turn alters the propensity to 
show the male intromission and 
ejaculatory pattern. Indeed, in a 
number of studies in which steroid 
levels were manipulated neonatally, 
males showing the most frequent 
male sexual behavior also had the 
largest and most heavily cornified 
penes (Whalen 1968; Beach 1971). In 
similar studies, females showing the 
greatest behavioral masculinization 
(that is, displaying the male pattern 
most frequently) had the greatest 
hypertrophy of the clitoris, so that it 
was nearly indistinguishable from a 
penis. The strength of this argument 
for peripheral rather than central, 
.masculinization is diminished by 
Hart’s finding (1972) that a synthetic 
androgen given neonatally can mas¬ 
culinize the penis without increasing 
the display of some male-typical be¬ 
haviors,, and by the discovery that, 
implants.of steroids in certain areas 
of the brain during the neonatal pe¬ 
riod can masculinize or defeminize 
rats (Christensen and Gorski 1978), 

A second argument is that the neo¬ 
natal influence of androgens could be 
a result of processes that are not truly 
organizational in character. Thus one 
might hypothesize that neonatal an¬ 


drogens render the central nervous 
system less sensitive to estrogens or to 
progesterone (Beach 1971; Gorski 
1974), so that although the neural 
circuitry needed for lordosis is 
present, the neonatally androgenized 
animal will not show much lordosis 
because of this hormonal insensi¬ 
tivity. 

It should be noted that the arguments 
against the organizational hypothesis 
have been indirect, showing that some 
of the effects of early androgenization 
could be accounted for by processes 
which do not involve organization of 
the central nervous system. It would 
be impossible to use these or any 
other arguments to disprove the or¬ 
ganizational hypothesis, because to 
do so, it would be necessary to have a 
complete knowledge of all aspects of 
brain function in order to say that 
there are no sex differences in neural 
organization. However, it would be 
possible to prove the hypothesis di¬ 
rectly by demonstrating sex differ¬ 
ences in neural organization. To do 
this, it is important to decide pre¬ 
cisely what types of differences in 
structure or function constitute “or¬ 
ganization,” 

For my present purposes, I will define 
an organizational difference as a 
quantitative or qualitative difference 
in the synaptic contacts made among 
neuronal populations involved in a 
behavior. To give the organizational 
hypothesis strong support it would be 
necessary (1) to find a morphological 
or physiological sex difference which 
was (2) of an organizational nature or 
implied an organizational difference, 
(3) in a neural circuit known to be 
involved in a sexually dimorphic be¬ 
havior, and (4) capable of manipula¬ 
tion by the same neonatal steroid 
treatments known to determine the 
direction of sexual differentiation of 
behavior. In recent years, all but one 
of these pieces of evidence have been 
obtained for mating behavior in rats, 
and all four have been demonstrated 
in the neural system controlling song 
in passerine birds. 

Proving the hypothesis 

A variety of sex.differences have been 
detected in the rat brain, but we will 
concentrate here on those differences 
which have shown themselves capable 
of being reversed by neonatal steroid 
manipulations. The earliest sugges¬ 
tions of anatomical differences be¬ 


tween the sexes came with reports 
that in rats, there is a sex difference in 
the size of nuclei in neurons in the 
preoptic area, the anterior and ven¬ 
tromedial hypothalamus, and amyg¬ 
dala; that neonatal castration of 
males feminizes the brain by this 
measure; and that this feminization 
can be blocked by neonatal androgen 
injections (Dorner and Staudt 1968, 
1969; Staudt and Dorner 1976). 
However, such differences in the size 
of cell nuclei do not necessarily imply 
organizational differences as defined 
here, although they may in fact be 
related to such differences. Other 
findings implying sex differences in 
the size and ultrastructure of male 
and female neurons have been made 
by Pfaff (1968) and Ratner and 
Adarno (1971), but the reported di¬ 
morphisms in these studies could 
have resulted from differences in 
circulating steroid levels in adult¬ 
hood, since the measures were made 
in gonadally intact animals. 

Dyer and his co-workers (1976) have 
used electrophysiological techniques 
to demonstrate that in intact male 
rats, neurons of the preoptic area 
which project to the medial basal 
hypothalamus receive more synaptic ; 
connections from the amygdala than 
do similar neurons in intact females. I 
Neonatally castrated males are simi* j 
lar to intact females in this regard, j 
and neonatally androgenized females J 
are intermediate between males and j 
females. Because the gonads were j 
present in some of the animals in this ] 
study, there exists the possibility that j 
gonadal secretions affected the j 
amount of synaptic input, and thus I 
that the findings do not imply a true 
organizational difference. However, 
it is not easy to account for the results 
in this manner, and therefore an or- j 
ganizational difference is strongly j 
suggested. 

Raisman and Field (1971,1973) pro-j 
vided the first significant anatomical j 
evidence lor an organizational sex 
difference in the brain. They found a I 
sexual dimorphism in the number of 1 
synapses on dendritic spines stem- f 
ming from non-amygdaloid afferent? 
in the preoptic area of the rat. This 
difference was reversed by neonatal 
androgenization of females or neo¬ 
natal castration of males. A second 
dimorphism, in the dorsomedial 
preoptic area, has been reported by 
Greenough and Carter and their co¬ 
workers (1977), who have detected a j 
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Figure 1. This highly schematic drawing shows 
several of the brain regions believed to be in¬ 
volved in the control of song in passerine birds. 
Circles represent individual brain areas; some 
of the anatomical projections of these regions 
(described in the canary by Nottebohm et al. 
1976 and Nottebohm and Kelley 1978) are in¬ 
dicated by arrows. The size of each solid circle 
is approximately proportional to the volume 
occupied by that brain region in the zebra 


(inch, although all bruin regions have been 
magnified so that their relative sizes win lie 
shown more clearly, Circles with dashed lines 
indicate brain regions whose volumes have not 
been estimated (i.e. female MAN, and ICo in 
both sexes), Dots mark regions which contain 
cells labeled by radioactive testosterone in¬ 
jections in zebra finches (Arnold et al. l!)7(i; 
Arnold, in press a); the numbers within the 
circles indicate the approximate percentage of 


rolls labeled (Arnold, in press a). Hex differ- 
(inces in volumes of HVe, ItA, and nXIIts are 
illustrated, as well os the fact thal Area X 
cannot be seen in Nissl-slainod sections in le- 
inaio zebra finches. Tin* figure also shows i lie 
sex difference in perceni age of steroid-labeled 
cells in HVe and MAN. In other brain regions, 
sex differences in steroid labeling are not sta¬ 
tistically significant. 


sex difference in the topographical 
distribution of Golgi-stained den¬ 
drites in the hamster which can also 
be manipulated appropriately by 
neonatal steroid treatments. 

Recently, Gorski and his colleagues 
(1977) have found an especially 
striking and easily measured ana¬ 
tomical dimorphism in the preoptic 
area of the rat. A medial preoptic 
nucleus, for which they have pro¬ 
posed the term “sexually dimorphic 
nucleus” (SDN), is approximately 
eight times larger in volume in cas¬ 
trated male rats than in ovariecto- 
mized females, when measured in 
Nissl-stained sections. The volume of 
this nucleus is larger in neonatally 
androgenized females relative to 
control females (both groups ovari- 
ectomized in adulthood), and is 
smaller in neonatally castrated males 

than in males castrated after the 
critical neonatal period for sexual 
differentiation (Gorski etal. 1978), If 
it is tentatively assumed that the 
staining technique used to identify 
this nucleus in fact serves to define 

the anatomical limits of a functional ' 

population of neurons, then the dif- ] 
f erehce in volume implies an organi- i 
zational difference. The reason for l 
this is that a difference of this mag- i 

intli eiS *° enta ^ ^difference 1 

ulation and/or in the volume of den- c 
dntes and their afferents; both e 
possibilities point to an organiza- o 
tional difference, since in either case d 


quantitative or qualitative differences 
in the pattern of synaptic contacts of 
these neurons with other neuronal 
populations would result. 

In all of the above examples of sex 
differences in the brain, we do not yet 
know whether the neural dimorphism 
is related to sex differences in be¬ 
havior or to other functions which are 
also regulated by neonatal andro¬ 
genization, for example, control of 
gonadotrophin secretion (Gorski 
1979). Although these studies prove 
the organizational hypothesis, thus 
far they fall short of verifying it with 
regard to behavior, 

Sexual dimorphisms in 
birds 


We turn now to consider the vocal 
behavior of the zebra finch. The evi¬ 
dence on bird song complements the 
much more extensive literature on 
rats, since for this behavior some in¬ 
formation exists on points that are 
unclear for rat behavior, whereas in¬ 
formation is scanty on other aspects 
which have been well studied in rats. 

In zebra finches, natives of Australia 

males and females form long-term 
pair bonds that last more than one 

StT e , sea9M (tamelmam, 

1962) Males sing a short, rather quiet 
courtship song, accompanying it with 

other stereotyped behaviors (feather 
erection, specific patterns of body 
orientation toward the female, tail 
deflection) which precede mounting 


’ and copulation (Immelmann 1959). 
1 The male learns the song pattern 
i from his father early in life (Immel¬ 
mann 1969), and the song is thought 
to function both as a courtship stim¬ 
ulus attractive to the female and as a 

■ communicating the individu¬ 
al’s identity (Immelmann 1968). 
Castrated males sing, court, and 
copulate less often than intact males, 
and androgen therapy reinstates song 
and other sexual behaviors (Arnold, 
1974 diss. and 1975; Prove 1974), Fe¬ 
males do not sing, even when given 
implants or injections of androgens 
(Arnold, 1974 diss.), 

Nottebohm and I (1976) have de¬ 
scribed a very dear sexual difference 
in the volumes of a number of brain 
regions thought to be involved in the 
control of song in the zebra finch and 
canary. These brain regions were first 
discovered in the canary by Notte¬ 
bohm and his co-workers (1976). 
There are two anatomically discrete 
telencephalic regions (the caudal 
nucleus of the hyperstriatum ven- 
trale, or HVe, and the robust nucleus 
of the archistriatum, or HA) which are 
known to be involved in song control 
because lesions m these areas produce 
deficits in singing. These regions are 
connected with each other (Fig. j) 
and with a number of other bruin re¬ 
gions; the magnocellular nucleus of 
the anterior neostriatum (MAN); 
Area X of the lobus parolfaotorius; 
the nucleus intercollicularis (ICo); 
and the tracheosyringeal portion of 



the hypoglossal motor nucleus 
(nXIIts). Significantly, this system 
sends a massive projection to the hy¬ 
poglossal motor neurons, which in¬ 
nervate the muscles of the syrinx, the 
vocal organ. The anatomical projec¬ 
tions within this system first de¬ 
scribed for the canary (Nottebohm et 
al. 1976) are similar to those found in 
the zebra finch (M. E. Gurney, pers. 
commun.). Each new anatomical 
study of these brain regions has in¬ 
evitably uncovered pathways to or 
from other brain regions (Nottebohm 
and Kelley 1978; Kelley and Notte¬ 
bohm 1979; Lewis et al, 1979), and 


Male 



thus our knowledge of the anatomy of 
this system is currently in a dynamic 
state. 

Sex differences in the anatomy of the 
brain regions involved in the control 
of song are both large and pervasive. 
In the zebra finch, the volumes occu¬ 
pied by HVc, RA, and nXIIts are 
considerably larger in males than in 
females, and in Nissl-stained brain 
sections Area X can be seen only in 
males (Figs. 2 and 3). Castration of 
adult males does not reduce the vol¬ 
umes of these brain regions, nor does 
prolonged androgen. treatment of 


Female 



adult females increase the volume of 
HVc or RA. Androgen treatment of 
adult females does increase the vol¬ 
ume of the hypoglossal motor nucleus 
somewhat, but not enough to erase 
the sex difference in the volume of 
this nucleus (Arnold, in press b). 
Therefore, it appears that the sex 
difference in volume cannot be ex¬ 
plained by sex differences in circu¬ 
lating androgen levels in adulthood. 
Interestingly, in canaries, circulating 
levels of androgens partially deter¬ 
mine the volume of HVc and RA, 
since castration of males .reduces the 
volumes of HVc and RA in males and 
androgen implants increase their 
volumes in females (Nottebohm 
1979). However, volumes in andro¬ 
gen-implanted females " are still 
smaller than those in castrated males, 
implying that another factor must be 
invoked to explain the sex differ¬ 
ence. 

A second measure of sexual dimor¬ 
phism is cell size. In MAN, HVc, RA, 
and nXIIts, the size of ceil bodies is 
significantly smaller in ovariecto- 
mized females as compared to cas¬ 
trated males shortly after both have 
received a single small injection of 
testosterone (Arnold, in press a). The 
magnitude of this sex difference is not 










s Figure 2. Photomicrographs allow comparison 
of several brain regions in male and female. 
, zebra finches, Gresyl violet-stained.sections 50 
ium thick were used. In the uppermost set of 
photomicrographs, MAN and Area X are 
; cleariy seen in the male; the boundaries of 


MAN are much more diffuse in females, since 
the MAN cells are smaller, Area X cannot be 
seen in females, The middle .set of photomi¬ 
crographs shows the brain area designated 
HVc, and the bottom set, RA, The magnifica¬ 
tion is identical in each case. 


large enough to explain the sex di- j 
morphism in the volumes of these j 
brain regions. Rather, it would seem \ 
to be further indication of the wide- 1 
spread sex difference in the song ! 
system. j 

A third major sex difference in the \ 
song system involves differing levels t 
of hormone accumulation by neurons f 
in telencephalic brain regions. AT 
surprisingly large number of song- 
control regions, including MAN, HVc, l 
RA, ICo, and nXIIts, contain neurons j 
which accumulate testosterone or its f 
metabolites (Zigmond et al. 1973; 
Arnold et al. 1976; Arnold and Saltiel f 
1979; Arnold 1979 and in press a; r. 
Zigmond et al., in press). Such ami-1 
nidation is thought to be a prereq-1 
uisite for many steroid effects on | 
neurons and other cells (Zigmond! 
1975; McEwen 1976). Since song is | 
governed by androgens in adulthood, i 
this accumulation suggests that am 
drogens act at many levels in the t; 
brain to exert effects on singing be* {. 
havior. What is important here, 
however, is the sex difference in the l 
number of steroid target cells: in 
males, a greater percentage of HVc | : 
and MAN cells are labeled in auto- |: 


168 American Scientist, Volume 68 


radiograms made after injection of 
tritiated testosterone (Arnold and 
Saltiel 1979; Arnold, in press a). This 
difference in percentage of labeled 
cells (Figs. 4 and 5) undoubtedly re¬ 
flects a large difference in the abso¬ 
lute number of steroid target cells in 
these brain regions. No overall sex 
difference in percentage of labeled 
cells has yet been found in the RA, 
but cells labeled in males are larger 
than those labeled in females. It is not 
known whether this means that cells 
labeled in the female RA represent a 
different functional population, or 
whether it indicates that the same 
population of cells has smaller cell 
bodies in females. 

Recent evidence from our laboratory 
indicates that these neural circuits 
have certain functional sex differ¬ 
ences that can be revealed by the 
technique of microstimulation (Ar¬ 
nold, in press c). It is possible to evoke 
electromyographic responses in the 
syringeal muscles by stimulation 
through a microelectrode placed in 
HVc or RA. Figure 6 illustrates typi¬ 
cal results of two such experiments. In 
the first, a tungsten microelectrode 
insulated with glass was inserted into 
the right HVc of a male zebra finch 
after a light barbiturate anesthetic 
had been administered, A short train 
of four microstimuli (0.3 msec pulses, 
500 Hz, cathodal, monopolar) was 
delivered through this electrode, and 
at the same time electromyographic 
responses were recorded in the sy¬ 
ringeal muscles which are involved in 
vocal control. The threshold for elic¬ 
iting a response from the ipsilateral 
muscles was typically very low, under 
5 microamperes, indicating that only 
a very small area of tissue needs to be 
activated in order to cause a syringeal 
contraction. This implies a rather 
strong indirect projection from HVc 
to the ipsilateral syringeal muscles; 
only when the current was increased 
from 5 to 20 times the threshold did 
a response appear on the opposite 
side, and then after a longer delay, 
indicating a much weaker contralat¬ 
eral projection. Although the results 
in Figure 6 illustrate stimulation of 
the right HVc, similar results were 
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have the same or similar projections, thicker HVc nucleus in males Thus 
making it possible to elicit syringeal the sex difference in threshold mav 
contractions by stimulation in the not reflect a functional difference in 

female as well as the male? The re- HVc neurons per se. When threshold 

suits shown m-Figure 6 indicate that is considered in relation to the num- 

stimulation of the inmale HVc does her of pulses required for response a 

indeed produce such contractions. A clearer functional sex difference ’is 

second question was, Can this method seen (Fig. 7). More pulses are cdnsis'- 

confirm that the female anatomical tently needed to elicit a response at 

structure seen m the same location as minimal threshold in females than in 

the male HVc is in fact an HVc? The males, implying that mom sputX 

results suggest that this is the case, temporal summation is required in 

S 7 ri ? ge f c< ?? tra 1 ctlons were ihi ‘ s Pathway in females Virt in 

elicited only when the electrode was males. Therefore, the nhvsioloviciil 

illustrated ifpt n l 0 2 iC t TT • mentH C(,nfirm that alth.uigh 
f , , . H uie 2, which is the HVc is operative to some extent in the 

nrftf 1 I 8 °, ^ “, UCh r ™*».h l««bl “ 5 „ 

and diffeenWookms male HVc. A difference in function which aril 
fcd questumwus s itpoHsibie u> lute* with the extreme anatomical 
identify any sex difference in re- dimorphism. It it unclear at present 

hponces. tp itimulation of HVc? whether this functional sex difference 
fad bv’ S'S f fem " lc dif ' “W lie explained by sex differences 
ered by at least two measures, m gonadal secretions, since these 
Longer pulse trains were needed to studies were performed on intact 
produce a response in females, and adult males and ImZ 
the minimum threshold was usually 

higher in females than in males. It is important to emphasize that the 
studies reviewed here have identified 


obtained for the left HVc. 

The same technique was applied to a 
female zebra finch (Fig. 6), with a 
view to answering three questions. 
First of all, Is HVc “hooked up” in the 
female, despite its small size? In other 
words, do neurons in the female HVc 


It is possible that this sex difference 

in threshold is related to the topo- 

graphical proximity °f the electrode 

to HVc. That is, the sex difference 
here cou d result from the fact that it 
may be difficult to stimulate a suffi- 
cient volume of tissue in the thin, flat 
HVc ot females, as opposed to the 


an interconnected group of neuronal 
nuclei which are thought to control a 

sexually dimorphic behavior, and that 
or the brain regions shown in Figure 

there in a sex difference in most 
anatomical features measured thus 
, » as . wt ;N as some elcctrophysiu- 
logical characteristics. This is the 









Male 



Figure 4, Two pairs of photomicrographs il¬ 
lustrate the sex difference in steroid accumu¬ 
lation as seen in thionin-stained autoradio- 


Female 



reason that the sex difference found 
in the zebra finch brain was earlier 
described as pervasive. In fact, this 
sex difference is not limited to the 
neural system controlling song. The 
syrinx itself has a much larger muscle 
mass in the male zebra finch than in 
the female (Arnold, 1974 diss.), which 
confirms earlier reports of sex dif¬ 
ferences in the syringes of other pas¬ 
serine and nonpasserine birds 
(Hacker 1900). Castration reduces the 
size of the syringeal muscles in male 
zebra finches, and implants of tes¬ 
tosterone propionate increase the size 
of the muscles in both castrated males 
and intact females, although the fe¬ 
male muscles never attain the size of 
those of castrated or intact males. It 
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grams of MAN ( above ) and HVc (below) in 
male and female zebra finches after injections 
of tritiated testosterone. 


is perhaps only a slight overstatement 
to say that the process of sexual dif¬ 
ferentiation has left no stone un¬ 
turned in reducing the female’s abil¬ 
ity to sing. 


■■ Recently Gurney and Konishi (1979 
and pers. comm.) have discovered 
* that steroid manipulations in neu- 
~ ■ natal zebra finches profoundly affect 

the singing behavior and the structure 
below) in of the brain in adulthood, If female 
injections ze bra finches are given estradiol on 
the first day of life, the structures of 
HVc, RA, MAN, and Area X are 
masculinized, although the volumes 
of HVc and RA are intermediate be¬ 


tween those of normal males and fe- | 


males. The androgen dihydrotestos- j 
terone is not effective in producing I 
these changes. Females given estra- i 
diol neonatally do not sing as adults j 
unless they are given androgens in f 


Figure 5, Histograms compare mean (± stan¬ 
dard deviation) percentages of cells labeled in 
five brain regions of male and female zebra 


finches after injection of tritiated testosterone 
into gonndectomized adults. (Data from Ar¬ 
nold, in press a.) 


adulthood. The adult androgen 
treatment appears to complete the 
sex reversal of the neural network 
controlling song, since HVc, RA, the 
dorsomedial portion of ICo, and 
nXIIts achieve volumes comparable 
to those found in normal males. Since I 
androgen treatment of normal adult : 
females has no apparent effect on the j 
volumes of HVc and RA (Arnold, in | 
press b), the neonatal estradiol \ 
treatment appears to render HVc and J 
RA sensitive to the trophic effects of j 
androgen in adulthood. These excit- j 
ing results indicate that behavioral I 
masculinization of females is corre¬ 
lated with masculinization of neural 
regions controlling song, and that, as 
in rodents, neonatal steroids are cru¬ 
cial determinants in the process of 
sexual differentiation. The work of 
Gurney and Konishi will no doubt 
lead to other studies which will clarify 
why estradiol is effective in mascu- 
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linizing females while androgen is not, 
and identify the cellular mechanisms 
by which estradiol exerts this ac¬ 
tion. 

Complementary evidence 

To demonstrate how the evidence for 
rats and song birds is complementary, 
it is informative to compare our cur¬ 
rent knowledge on these two groups 
with regard to the organizational hy¬ 
pothesis and related issues. This is 
perhaps best accomplished by posing 
a number of interconnected questions 
and answering them from both liter¬ 
atures. 

First of all, Is it possible to find sex 
differences in brain organization? For 
both groups, we know of significant 
morphological dimorphisms which 
imply that the brains of males and 
females are organized differently. 
What sexually dimorphic functions 
are performed by these dimorphic 
brain regions? In the case of rats, the 
dimorphisms have usually been found 
in the preoptic area, which is known 
to be involved in more than one sex¬ 
ually dimorphic function; it is there¬ 
fore unclear at present whether the 
dimorphisms are related to repro¬ 
ductive behavior or to some other 
function. It might be claimed that the 
functional importance of the dimor¬ 
phic nuclei is more easily understood 
in song birds, where such nuclei ap- 


■ Stimulation of right HVc (male) 


1.2 uA 



Figuro (i. Mlmwtimiilalion ol'tlii< riijhi. HVc u! 
a malt! zebra finch Uibrnw) iirmtuml 
olertrnm.vogrnjjliic recurtlini'H »f tnn-de ,<m 
tractions in the lull. (/,) „ n( | right I/O ventral 
intriimic syringeal muscle;., In || K > | )iUr „j 
traces, u train of 4 pulse!, (1.2 in 

amplitude) was delivered, mu I n small resptnise 
was recorded on the right side. When t lierur 
rout was increased to 10 microamperes, u larger 
response was seen on the right side, and a small 
response was also evoked on the left, Helow. 
.similar responses were elicit ed in a female |, v 
a train ol la pulses (211 microamperes) ijeliv 
ered to the left HVc. 


pear to be related to song. Indeed, the 


ability of the female to sing is corre¬ 


lated with the size of these brain re- At what functional levels in I he nett- 


gions (Nottebohm and Arnold 197(5; 
Gurney and Konishi 1979). But some 
caution must be exercised, since our 
knowledge, of the functional impor¬ 
tance of various portions of the song 
system is very slim, and it is possible 
that the neurons in at least some 
parts of the.so-called song system 
might be involved to some extent in 
other sexually dimorphic behaviors or 
neuroendocrine functions. 

Can the neural and behavioral di¬ 
morphisms be manipulated by the 
same neonatal steroid treatments? 
For both rats and song birds, it is 
possible to manipulate the neonatal 
steroid milieu to produce a genetic 
female whose brain appears male- 
hke, and whose behavior is also mas¬ 
culinized. Neonatal steroid treat¬ 
ments have also produced genetic 
male rats whose brains appear fe¬ 
male-like, but this has so far not been 
accomplished in song birds. 


ral circuits controlling behavior are 
there sexual differences? In other 
words, does the differentiation pro¬ 
cess modify sensory pathways, motor 
effectors, neural pattern generators, 
general arousal mechanisms, or other 
systems? To answer this question, it 
would be necessary to know in eon 
siderable detail the functions of var¬ 
ious neural and motor components in 
the pathways underlying the dimor ¬ 
phic behavior in question, and then to 
identify the sites in these pathways at 
which the physiological or morpho¬ 
logical dimorphisms occur. This is ft 
tall order, and it is difficult even to 
begin to answer this intriguing ques¬ 
tion for either the rat or the song bird, 
However, considering the pervasive 
dimorphism observed in the song 
system, it is possible to conclude 
tentatively that in this case the pro¬ 
cess of sexual differentiation pro- 
duces changes at many levels, in¬ 
cluding the motor effector (the syr¬ 


inx), all of which result in a reduction 
in the junctional capacity of the sys¬ 
tem in females. 

This multilevel, pervasive effect may 
well exist in nils .also, since dimor 
plasms have been found in at least 
two different regions of the rat 
proopiie area (Raisman ami Fields 
1979; (inrski et al. 1978) anil in a 
pathway from the amygdala to tin* 
prenptif area (Dyer et al, 197(1). In 
addition, in cats there is a sex differ 
once in the number of preganglionic 
sympathetic neurons in the spinal 
cord (Henry and Galaresii 19719, and 
in rats, variations in the morphology 
ol the penis have been correlated with 
I he propensity to show intromissions 
and ejaculatory thrusts (Beach 11)71). 
buds variations in penile morphology 
could be related to sex differences in 
sensory or motor structures, indeed, 
H. M, Breedlove and (f unpaid.) have 
recently found that the motor non 
runs innervating striated penile 
muscles in the rat form a distinct 
nucleus in the lumbar spinal cord, 
and that this nucleus is absent in fe¬ 
males. Although these various sex 
differences could eaeh lie related to a 
different dimorphic behavior or 
neuroendocrine function, the process 
ol sexual differentiation uiav produce 
pervasive dimorphisms in rats similar 
to those in the song system, and these 
dimorphisms would then result in sex 
dillemme.s in behavior. 

Practical implications 

The discovery of sexually dimnrphje 
neural populations js of considerable 
practical interest, because it opens up 
a number of lines of research aimed at 
elucidat ing t he mcchtmiKin* of sexual 
diflerentiatiou of the brain. It be¬ 
comes possible to characterize these 
dimorphic neurons in terms of the 
afferent and efferent pathways which 
connect them with oilier brain re* 
gions, and io analyze their physiology, 
histochemistry, ami ultrastructure, k 
is important to study t he cells making 
up these populations from the time of 
their birth to maturity; before, dur¬ 
ing, and after the critical period or 
periods tor sexual differentiation; 
both in mm and in uitru; and under 
both normal and experimentally al¬ 
tered conditions. Hindi studies have 
now become feasible in both rats and 
song birds, and are quite likely tore- 
veal the sites at which, and media- 
msma by which, sex differences in 
neural function are produced. 






It is essential to describe these neural 
populations as fully as possible so 
that we can recognize them from the 
earliest stages of development and 
identify precisely which aspects of the 
populations are dimorphic. In addi¬ 
tion to the initial anatomical and 
physiological studies outlined here, 
we have now begun histochemical 
investigations of some of the brain 
regions involved in song control. Ryan 
and I (1979) have recently detected 
the presence of acetylcholinesterase 
(AChE), an enzyme known to inacti¬ 
vate the neurotransmitter acetyl¬ 
choline, in cell bodies in HVc, RA, 
ICo, nXIIts, and Area X, with the 
densest staining for AChE occurring 
in the neuropil (cell parts other than 
cell bodies), of Area X. Although 
considerable AChE is also present in 
the lobus parolfactorius (LPO) sur¬ 
rounding Area X, Area X stains more 
deeply than the rest of the LPO. In 
autoradiographic studies made after 
injection of radioactive quinuclidinyl 
benzilate (QNB), a drug which binds 
to receptors for acetylcholine, high 
concentrations of radioactivity are 
found in Area X in males; this accu¬ 
mulation is prevented by prior injec¬ 
tion of atropine sulfate or scopola¬ 
mine hydrobromide, which are also 
drugs which- interfere with acetyl¬ 
choline’s effects. This indicates that 
the implied ability of QNB to bind to 
Area X is specific and of limited ca¬ 
pacity, and together with the AChE 
staining suggests that Area X neurons 
or their afferents may use acetylcho¬ 
line as a neurotransmitter.Tn females, 
the AChE concentration is heavier in 
the dorsolateral LPO (the location of 
Area X in the male) than in the ven¬ 
tromedial LPO, but a discrete area of 
heavily stained AChE, as seen in the 
Area X of the male, is not present in 
the female. This correlates well with 
the observation that Area X cannot 
be seen in Nissl-stained sections of 
female LPO. 

In another study in our laboratory 
(Lewis etal. 1979), nerve fibers and 
terminals in Area X and the sur¬ 
rounding LPO were found to contain 
catecholamines, a class of compounds 
also thought to be neurotransmitters. . 
In material prepared with a glyoxylic 
acid technique, Area X can be seen to, 
fluoresce more brightly than the 
surrounding LPO in males, whereas 
Area X cannot be seen in females by 
means of this technique, The cate¬ 
cholamine-containing fibers appear 
to project from the fluorescent cell: 
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Figure 7, Typical curves for males and females 
show the threshold currents needed to evoke 
electromyographic responses in ipsilateral sy- 
ringeal muscles by stimulation of HVc, plotted 
as a function of the number of pulses delivered. 
More pulses were needed in females, and the 
threshold was consistently higher. (Arnold, 
unpubl.) 


logical and physiological studies of j 
the brain. The question in this field of j 
study is no longer whether or not sex i 
differences in neural organization | 
exist, but rather what sequence of j 
developmental events leads to the § 
pervasive sex differences observed. | 
Now that we know of specific, anato- j , 
mically identified dimorphic neural i 
populations, it is possible to focus our j 
attention on these populations and to I 
begin to find out how sex differences f 
in neural development lead to sex | 
differences in behavior. These animal j 
studies do not tell us, of course, i 
whether there are anatomical sex § 
differences in the human brain. ! 
However, they may provide some 1 
motivation for anatomists to search j 
for such differences in the future, f 


castration and androgen substitution, 
Neuroendoerin. 3:136-40. 

-•, 1969. Structural changes in the hypo¬ 
thalamic ventromedial nucleus of the male 
rat, following neonatal castration and an¬ 
drogen treatment. Neuroendoerin. 4:278- 
81. 

Dyer, R. G,, N, K. MacLeod, and F. Ellendorff, 
1976. Electrophysioiogical evidence for 
sexual dimorphism and synaptic conver¬ 
gence in the preoptic and anterior hypotha¬ 
lamic areas of the rat. Proc. Roy. Soc. iond 
B 193:421-40. 

Gorski, R. A. 1974. The neuroendocrine regu¬ 
lation of sexual behavior. In Advunm in 
Psychobiology, ed. G. Newton and A. H. 
Riesen, II, 1-58, Wiley. 

-. 1979, The neuroendocrinology of re¬ 
production: An overview. Biol, Reprod. 20- 
111-27. 

Gorski, R, A., R. E. Harlan, and L, W. Chris¬ 
tensen. 1977. Perinatal hormonal exposure 
and the development of neuroendocrine 
regulatory processes. J. Toxicol. Environ. 
Health. 3:97-121. 


bodies in the area ventralis of Tsai 
(AVT), since lesion of AVT elimi¬ 
nates or vastly reduces the fluores¬ 
cence in Area X and the adjacent 
LPO. Because Area X fluoresces more 
brightly than nearby LPO in males 
but not in females, it is likely that the 
neurons projecting from AVT to Area 
X are sexually dimorphic in some 
characteristics, such as extent of ax¬ 
onal branching, number of terminals, 
or content of catecholamines. 

These observations indicate that 
there are sexual differences in topo¬ 
graphical distributions of AChE and 
catecholamines in Area X and in its 
homologous region in the female. 
Such findings are the first step 
toward using histochemical and bio¬ 
chemical measures of cholinergic and 
catecholaminergic function to study 
the normal development of this area, 
and to explore how certain experi¬ 
mental interventions disturb this 
normal development. They also open 
the door to pharmacological manip¬ 
ulations of this brain region which will 
allow us to study how disruptions of 
specific chemical transmitter, systems 
affect the functioning of the song 
system in adults, and how , such 
chemical modifications change the 
process of sexual differentiation 
during development. 

The organizational hypothesis, first 
set forth clearly some two decades ago 
with regard to behavior (Phoenix et 
al. 1959), has been given strong sup¬ 
port in the last ten years by morpho- 
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Stephen Boughn Detecting Gravitational Waves 

Researchers are closer than ever before to direct 
observation of nature’s most elusive form of 
radiation I 

i 




One of the exciting challenges facing 
physicists and astronomers in the 
coming, decade is the detection of 
gravitational radiation. Although the 
existence of gravitational waves was 
predicted more than sixty years ago, 
they were of little interest to the sci¬ 
entific community until recently. 
Today, as a result of the discovery of 
many new energetic astrophysical 
phenomena, we recognize the possi¬ 
bility that gravitational radiation may 
be abundant in the universe. In ad¬ 
dition, the invention of new tech¬ 
nologies has led to the design of in¬ 
struments which may soon detect this 
fundamental form of energy. 

In 1916, the same year that Albert 
Einstein proposed his new theory of 
gravity, the theory of general rela¬ 
tivity, he also predicted that there 
existed a type of radiation associated 
with the force of gravity. However, 
when he calculated the amount of 
gravitational radiation emitted from 
a binary star system (the strongest 
source known at the time) he con¬ 
cluded that the radiation was so weak 
that it had “a negligible practical ef¬ 
fect.” Gravitational waves were dis¬ 
cussed from time to time in the sci¬ 
entific journals for .the ,next forty 
years, but there were no serious pro¬ 
posals to detect them. In fact, during 
this era, technical problems such as 
the unlocalized nature of gravita¬ 


tional energy (which I will discuss 
below) caused some workers in the 
field to doubt even their theoretical 
existence. 

The resurgence of interest in general 
relativity in the last two decades, has 
brought with it careful analyses of the 
theoretical foundations of gravita¬ 
tional waves, and as a result their 
theoretical existence, at least, is es¬ 
tablished. Nevertheless, most re¬ 
searchers probably would have agreed 
with the British astrophysicist F.A.E. 
Pirani when he wrote in 1962, “The 
weakness of the gravitational inter¬ 
action makes it exceedingly unlikely 
that gravitational radiation will ever 
be the subject of direct observation” 
(p. 199). 

One man who did not agree with Pir¬ 
ani was Joseph Weber, who in 1959 
began an experimental program with 
precisely the goal of direct observa¬ 
tion. Ten years later he announced 
“evidence for the discovery of gravi¬ 
tational radiation,” Later experi¬ 
ments contradicted Weber’s results, 
and it is now the consensus of the 
scientific community that his con¬ 
clusions were in error. However, his 
pioneering work did much to stimu¬ 
late research. Groups all over the 
world are now engaged in programs to 
develop gravity wave telescopes, in 
many cases based on Weber’s original 
design. 


deep into the strong gravitational i 
fields associated with one of the most j; 
interesting phenomena in the uni- j 
verse, gravitational collapse. ! 

The detection of gravitational waves f 
stands today among the fundamental; 
problems of modern physics. The first 
step toward a solution may already f 
have been taken, however. Earlier thisy 
year Joseph Taylor presented (1979) j 
what may be the first convincing ev- i : 
idence of gravitational radiation.j. 
Before discussing his discovery and: 
other current research, I will turn ; 
briefly to the question, What are f 
gravitational waves? j 

Ripples of gravity 

In the language of general relativity J; 
theory, gravity is described in terms j 
of the curved geometry of space and I, 
time (see Smarr and Press 1978), and f\ 
gravitational waves are ripples in that f 
geometry. This description may givef 
us a taste of the wonder and mystery [ 
of gravity, but unless we have some l : 
knowledge of the mathematics off 
relativity theory it does little to an-l : 
swer the question I have just posed.ff 
Fortunately, a clear account can be I 
given in the context of basic physics. | 
without reference to general rela-f 
tivity, : 

The seeds of the idea of gravitational^ 
radiation were actually sown in 1905.1 
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While Weber was demonstrating the 
feasibility of building extremely 
sensitive detectors, astrophysicists 
were becoming more optimistic about 
the existence of sources as well as 
more interested in gravitational 
waves as a potential astronomical 
tool. This heightened interest grew 
out of the realization that these waves 
provide the only method of probing 


ten years prior to the announcement! 
of the theory of general relativity,! 
when Einstein put forward his theoryi 
of special relativity. According tog 
special relativity theory, no physical 
effect can propagate fasterthanthtg 
velocity of light (300,000 km/sec). 
Newton’s theory of gravity, on the 
other hand, states that, the gravita¬ 
tional force between two bodies of 
masses mi and trti with separation r 


is proportional to the product of their 
masses and inversely proportional to 
the square of the instantaneous dis¬ 
tance between them, i.e. 

force = G» 
r 

where G is the gravitational constant. 
If the position of mi is suddenly 
changed, r will correspondingly 
change, and the mass mo will imme¬ 
diately feel a different gravitational 
attraction. This situation clearly 
violates the principle of special rela¬ 
tivity, Special relativity theory 
implies-although the argument is 
subtle (Hawking 1972)-—that the ef¬ 
fects of gravity travel neither faster 
nor slower than light, but at exactly 
the same velocity. Suppose, for ex¬ 
ample, that the sun were suddenly to 
explode, with pieces flying off in all 
directions. Since the sun is 93 million 
miles away, we would not feel a 
change in the sun’s gravitational pull 
until eight minutes after the explo¬ 
sion. There would also, of course, be 
an eight-minute delay in seeing (with 
light) the explosion. This similarity 
between the behavior of gravity and 
that of light leads us to look for a 
gravitational analogue to electro¬ 
magnetic radiation. 

Light, radio waves, and x-rays are all 


familiar forms of electromagnetic 
radiation. These waves are "ripples" 
in electric and magnetic fields and are 
produced by accelerated electric 
charges. An important property of 
electromagnetic radiation is that it 
can carry energy to great distances 
from the source, By analogy, a similar 
situation might be expected for gra¬ 
vitational fields, i.e. that accelerated 
gravitational charges (pieces of mass) 
would generate ripples in a gravita¬ 
tional Held that would carry energy at 
the velocity of light. For these reasons 
it is not surprising that gravitational 
waves are predicted by the theory of 
general relativity and every other 
viable theory of gravity. 

Electromagnetic radiation is detected 
by a wide variety of instruments: ra¬ 
dios, the human eye, photographic 
emulsions, and the human skin on a 
sunny day, among other means. All of 
these operate on the principle that 
electromagnetic fields accelerate 
electric charges. Likewise, gravita¬ 
tional fields can he detected by ob¬ 
serving the acceleration of masses. 
Here the analogy between gravity and 
electromagnetism fails in an impor¬ 
tant way. Unlike electromagnetic 
waves, gravitational waves or any 
gravitational fields, for that mat* 
ter—cannot be detected at a single 


point. Tin's properly lias been known 
for hundreds of years and follows di¬ 
rectly from Galileo's principle of 
equivalence: all objects, regardless of 
mass or constitution, fall t he same 
way in a gravitational field, 

lu illustrate, suppose an observer 
places an electrically charged particle 
next to himself. It an elect rotuagnelic 
wave passes by, the charge will be 
accelerated up and down and t he ob¬ 
server will see this motion. If lie re* 
idaces the elect ric charge wit ha gra¬ 
vitational charge (mass particle) upon 
passage of a gravitational wave, the 
mass moves up and down. This l ime, 
however, the observer moves up and 
down in precisely the same way! IVe 
are assured of t his by the principle of 
equivalence, Therefore, our observer 
does not see the particle move and the 
gravitational wave goes undetected. 

In order to detect a gravitational wave 
a! least two particles located at dif- 
lerent positions must be employed, 
and (heir motion relative to each 
other is then measured. This motion 
will depend on the difference in the 
gravitational field at the two part icles, 

I he concept, of a gradient or variation 
in a gravitational field from place to 
place is explored in Figure I. Ah 
though Atlas’s barbell is being pulled 










toward the earth by gravity, the rel¬ 
ative force on the two weights at ei¬ 
ther end depends only on the differ¬ 
ences in gravitational force at these 
two positions, This relative force is 
called the “tidal” gravitational force 
because it is similar to the force by 
which the moon creates tides on the 
earth. (In the theory of general rela¬ 
tivity, tidal forces are proportional to 
the curvature of space-time.) Gravi- 




Figure 2, These schematic drawings of an ex¬ 
tended object, represented by two particles 
joined by a spring, demonstrate an important 
difference between electromagnetic waves, 
produced by oscillating electric charges, q 
(above), and gravitational waves, produced by 
oscillating masses, m (below), If the bottom 
particle is. electrically neutral (o' = 0), an 
electromagnetic wave will be emitted only by 
the upper, charged particle. In the ease of gra¬ 
vitational radiation, however, the particle at 
the bottom of the spring is also a source. Both 
■ particles emit gravitational waves, which nearly 
cancel each other. 


tational radiation is the embodiment 
of a purely tidal gravitational field 
(i.e. disregard the earth and the black 
arrows) which oscillates in time. In 
Figure 1 the varying nature of the 
tidal force in time is represented by 
Atlas’s raising and lowering of his 
barbell. 

Generation and detection 

Since electromagnetic radiation is 
generated by accelerated charges, and 
these charges all have mass, why isn’t 
gravitational radiation as abundant 
in nature as electromagnetic radia¬ 
tion? The primary answer to this 
question is that gravity is an incredi¬ 
bly weak interaction, If a particle with 
charge q and mass m is forced to os¬ 
cillate rapidly back and forth, the 
ratio of the power of gravitational to 
electromagnetic radiation is propor¬ 
tional to Gm-/q 2 , where G is New¬ 
ton’s gravitational constant. For an 
electron this ratio is 10~' l:i ! This value 
also represents the relative strengths 
of gravitational and electrical forces 
between two electrons. The only rea¬ 
son gravity is so important on the 
earth and in the solar system is that, 
on one hand, the masses of the sun 
and the planets are very large and, on 
the other hand, they are approxi¬ 
mately electrically neutral. 

Another important reason why the 
power of emitted radiation is usually 
small follows from Newton’s third 
law: for every action there is an equal 
and opposite reaction. Consider the 


the system in Figure 2 the ratio of j 
gravitational to electromagnetic ra- j 
diation is proportional to ( Gm 2 /q 2 ) X | 
d/\)~ where 2 is the particle separa- j 
tion and X is the wavelength of ra- . 
diation. The second term is due to the ; 
incomplete cancellation and is usually 
much less than 1. Only when the ve¬ 
locities of the particles approach the [ 
velocity of light can the value of this j 
term approach unity. From these f 
considerations it is clear that impor- j 
tant sources of gravitational radiation | 
will involve massive, rapidly moving j 
bodies. 

Once gravitational waves have been j 
emitted, they propagate much like I 
electromagnetic waves. That is, they f 
have two polarizations; the gravita- i 
tional fields are transverse to the di« j 
rection of propagation; and the in¬ 
tensity from a localized source falls off h 
inversely with the square of the dis* 
tance. Figure 3 illustrates how two 
plane waves with different polariza- : 
lions, propagating perpendicular to 
the page, accelerate four separated 
particles. After a time equal to half a j 
wave period the forces on the parti- jv 
cles will be In a direction opposite to j 
those in the figure (see Press and 
Thorne 1972). . j. 

In order to detect a gravitational wave I 
it is necessary to observe at least two J 
particles, as was pointed out earlier. | 
Consider A and B of Figure 3 to he the ] 
components of a primitive gravita- j 
tional wave detector. As the wave \ 
passes, the separation of A and Bf 


situation depicted in Figure 2. In changes by an amount U t which is | ; 
order for the charged particle at the given by 
top of the spring to vibrato, there q /m 2 ■ 

must be a particle with mass at the —dd f | 

bottom of the spring to accept the C0) \ I . 

reaction force. If we choose to make where £ is the separation of A and B; | 
this particle electrically neutral- i.e. X is the wavelength of the radiation; I 
if (/ 1 = 0— then all of the electro- G , Newton’s gravitational constant;! 
magnetic radiation will he due to the c, the velocity of light; w, the Ire-1 


single vibrating charge </. quency of the wave; and F, the energy ( 

flux in the incident wave. The analo- ( 


This is not the case for gravitational 
radiation. From the principle of 
equivalence we know that gravita¬ 
tional charge is equal to mass; there¬ 
fore, the particle at the bottom of the 
spring is also a source of gravitational 
radiation. According to Newton’s 
third law the momentum of the bot¬ 
tom particle must be equal and op¬ 
posite that of the upper particle, and 
as a result the radiations from the two 
particles cancel each other, The can¬ 
cellation is not complete if the two 
particles are spatially separated. For 


gous formula for electromagnetic ra¬ 
diation incident on two charged par¬ 
ticles is 


row 


The ratio of G)2) 2 for the gravitational 
to {<)£)“ for the electromagnetic case 
is proportional to 


Gm i (2V 
Q 2 W 


--the same expression obtained for 
the emission process. 


I 



It is clear that the weakness of gravi¬ 
ty, in addition to limiting potential 
sources of gravitational waves to very 
massive objects, is also a severe lia¬ 
bility in the attempt to detect these 
. waves. The factor of (£/\) 2 which 
arose from the equivalence principle 
(for both emission and reception) is of 
utmost importance in the problem of 
detecting gravitational radiation. 
Although usually very small, it can in 
certain cases approach unity. It is in 
just these cases that the detection of 
gravitational radiation appears pos¬ 
sible. 

If the principle of equivalence is at 
the root of the problem of detecting 
gravitational waves, it was also for 
many years the source of mathemat¬ 
ical problems in the theory of general 
relativity. It implies that gravitational 
fields are, in principle, unobservable 
at a single point. In the mathematics 
of relativity theory this results in a 
strange property of gravity: the en¬ 
ergy in a gravitational field cannot be 
localized. In fact, every reasonable 
expression for energy can be made to 
vanish at a point simply by a coordi¬ 
nate transformation. This was one of 
the problems which for many years 
led some theorists to doubt the exis¬ 
tence of gravitational waves. Now we 
have learned to accept this strange 
property of gravity. Gravitational 
waves carry energy, but it is not pos¬ 
sible to pinpoint where this energy is, 
(The energy flux in the above ex¬ 
pression was obtained by averaging 
over an extended region.) 

There is another, perhaps discour* 
aging, aspect of gravity which we have 
avoided so far. All gravitational fields 
are themselves sources of gravity. 
This in itself may not appear 
alarming, but as a result the equa¬ 
tions governing gravity are nonlinear. 
The nonlinearities pose extremely 
difficult mathematical problems 
when, for example, an attempt is 
made to calculate the radiation 
emitted by objects in regions of strong 
gravitational fields. With the aid of 
large computers some initial steps 
have recently been taken to solve this 
problem (Smarr and Press 1978). 

Since Einstein first presented his 
theory of general relativity, many 
other theories of gravity have been 
invented. Of those that are still viable, 
all predict the existence of gravita¬ 
tional waves. Although they differ in 
details—for example, in their de¬ 


scriptions of angular dependence and 
polarization—they all predict roughly 
the same intensity of radiation, if and 
when gravitational waves are discov¬ 
ered, they may be used as a lest for 
these different theories. 

Sources 

In view of the weakness of the gravi¬ 
tational interaction it is virtually 
impossible to imagine a laboratory 
source that could produce enough 
gravitational radiation to be observed 
with current detectors. Suppose, for 
example, that a one-ton steel bar were 
to be spun so rapidly that it was on 
the verge of being ripped apart by 
centrifugal force. (Einstein consid¬ 
ered this problem in 1018.) The total 
power radiated would be less than 
10“ :l " watts! By contrast, current de¬ 
tectors are only sensitive enough to 
detect such a source (at a distance of 
one gravitational wave length) if it 
emits more than l() (l watts. More 
spectacular sources, for instance hy¬ 
drogen bombs, produce more radia¬ 
tion but still lie outside the realm of 
the observable. At present all our 
hopes for detecting gravitational 
waves are pinned on naturally oc¬ 
curring astrophysical phenomena. 

In the early days of general relativity 
theory the only significant astro- 
physical sources of gravitational 
waves were thought to he binary star 
systems that: emitted waves with pe¬ 
riods on the order of days. Today we 
consider the interesting part of the 
gravitational wave spectrum to ex¬ 
tend from ultrahigh frequencies (/ - 
10 22 Hz, i.e. gamma-ray-type 
frequencies) to wavelengths compa¬ 
rable to the size of the universe itself 
(/~ 10“ 17 Hz). To be sure, there are 
great gaps in these thirty-nine dec¬ 
ades of frequencies where the sources, 
ii they exist at all, are much too weak 
to he of any consequence. In what 
follows I shall discuss primarily those 
sources which may have some astro- 
physical importance and/or which 
may conceivably be detected in the 
not-too-distant future. Some of these 
sources are known to exist; others are 
simply conjectured. Table 1 summa¬ 
rizes these sources and their esti¬ 
mated strengths. The reader is cau¬ 
tioned that this list is necessarily ar¬ 
bitrary in nature and is intended to be 
illustrative rather than exhaustive. It 
is quite possible that the first gravi¬ 
tational waves to be discovered will 
not come from any of these sources. 


Wo begin our survey with high* fro 
quency waves if > !0 l Hz). Papini 
and Valluri have calculated (1977) 
that the strongest source of gravita¬ 
tional radiation in our solar system is 
the core of the sun, which has a tem¬ 
perature of 10 million degrees Kelvin. 
In this region nearly 1,000 megawatts 
of high-frequency (/ U) 17 Hz) gra¬ 
vitational waves are generated by 
collisions of electrically charged par¬ 
ticles (branwtmhkma )■ This amount 
is small compared to the KF (i watt 
total output of the sun and is unde¬ 
tectable on earth; however, similar 
processes in neutron stars (stars col- 



I' 'tOii'KIf ftiur particles are in such» 
way that they form a square in a plum- per 
pendicular tu the 'direction of«gravitational 
wave, they wilt he set in motion relat ive to etirli 
other as the wave passes. Two of the particles 
opposite each other are first pulled inward, 
while the other two particles are mtelcniteti 
outward. The cmdtgumtiou* above represent 
the two possible polarizations, which are re¬ 
lated to each other by n rotation «f (*„|, irw | 
arrows indicate the gravitational force field; 
hlaek arrows show the result ing motion of tin 
lour particles. In general, nnv gravitational 
wave is a mixture of the two pu|arindi«i H mid 
the response id the particles is a superposition 
»t the two patterns shown. 


I'?ft Ameri™n Sr-ipn+iRf Vnhnrui fifi 










lapsed to nuclear densities) .are esti¬ 
mated to result in 10 2fi watts at a fre¬ 
quency of-~10 22 Hz. Photoproduction 
(scattering of high-energy photons, 
i.e. gamma-rays, from electric or 
magnetic fields) may be responsible 
for as much as IQ 28 watts of gravita¬ 
tional radiation in neutron stars 
shortly after birth. Even this tre¬ 
mendous power (100 times more lu¬ 
minous than the sun) results in very 
little flux at the surface of the earth 
unless the source is nearby, which is 
unlikely. In addition, no detection 
schemes have yet been devised for 
such high frequencies. Nevertheless, 
this radiation could play a role in the 
evolution of the neutron star. 

At a somewhat lower frequency (/ ~ 
10 10 Hz), it has been suggested that 
the universe may be filled with 
blackbody gravitational radiation 
analogous to the 2.7°K primordial 
microwave background left over from 
its big bang origin (Partridge 1969). 
Although this radiation may account 
for as much as 0.01% of the entire 
mass of the universe, because of its 
relatively high frequency we currently 
have no method of observing it. If a 
detection method could be devised, 
the rewards would be great. We would 
be seeing radiation emitted one sec¬ 
ond after the universe began! 

Of more direct interest are interme¬ 


diate-frequency waves (10 4 Hz to 10“ 5 
Hz). The entire experimental effort 
for the last twenty years has been 
centered around this frequency range, 
both because of promising energetic 
sources and because of severe con¬ 
straints on detector design which will 
be discussed below. Perhaps the most 
tantalizing source of gravitational 
waves in this frequency range is a 
dying star in the throes of gravita¬ 
tional collapse. Let me digress for a 
moment to tell the story of this event, 
which may prove to be the most im¬ 
portant source of gravitational waves 
in nature. When,a star of sufficient 
mass (>1.4 solar masses) has con¬ 
sumed all its nuclear fuel, gravity 
overwhelms internal pressures and 
the star begins to collapse. A shock 
wave blows off the outer envelope of 
the star in a brilliant optical display 
known as a supernova, during which 
the star typically outshines a billion 
suns. The core of the star continues to 
collapse until nuclear densities are 
reached. The process may stop at this 
point, in which case an object several 
kilometers in diameter known as a 
neutron star is born. 

If the mass of the core is too great 
(several solar masses), even nuclear 
forces are not strong enough to with¬ 
stand gravity and the core continues 
to collapse to form a black hole, an 
object consisting entirely of strong 


gravitational fields (Thorne 1967), 
During the last second, the material 
in the core is accelerated to nearly the 
velocity of light and a strong pulse of 
gravitational radiation is emitted 
with a frequency of ~10 :| Hz and a 
duration of ~1 millisecond. Although 
exact calculations have not yet been 
performed, some theorists think it 
possible that up to 10% of a solar mass 
(2 X HF ergs) may be emitted in this 
burst. (Since Einstein introduced the 
now-famous formula E = me 2 , phys¬ 
icists have used mass and energy as 
interchangeable quantities. There¬ 
fore, 10% of a solar mass refers to an 
energy E = O.lM 0 c 2 where M 0 is the 
mass of the sun and c is the velocity of 
light.) Detectors currently under 
construction will be able to observe 
such signals originating anywhere in 
the galaxy; however, their rate of oc¬ 
currence is estimated to be on the 
order of one per fifteen years. It has 
also been argued (see Press and 
Thorne 1972) that stellar collapses 
can occur without supernova out¬ 
bursts and that such events may take 
place up to several times a year in our 
galaxy. 

A black hole may also be formed, and 
gravitational radiation thus released, 
by events other than the death of a 
single star. Thorne and Braginsky j 
(Thorne 1978) have suggested that j 
supermassive black holes of ll) ,! to j 



10 10 solar masses are generated in the 
cores of quasars and active galaxies. 
During the formation of these objects, 
bursts of gravitational radiation are 
emitted with periods of from 10 to 10 r ' 
seconds with energies of 10 r ' 8 to 1(F 
ergs. They estimate that the rate of 
occurrence of these events in the en¬ 
tire observable universe is from one a 
week to one every three hundred 
years. Through doppler ranging of 
interplanetary spacecraft, which will 
be discussed below, such events may 
be detected in the foreseeable future. 
It should be emphasized that our 
understanding of this phenomenon is 
poor and that the values given above 
are only rough guesses; however, there 
is strong evidence that violent ex¬ 
plosions are taking place in the nuclei 
of some galaxies. In particular, the 
galaxy M 87 is in the process of 
ejecting an enormous amount of ma¬ 
terial from its center (see Pig, 4), 
where optical and radio astronomers 
have detected an extremely luminous 
and compact object. 

The collision and subsequent coales¬ 
cence of two black holes can also 
produce a strong burst of gravita¬ 
tional radiation. It is possible that 
such events occur during the normal 
evolution of globular clusters. In ad¬ 
dition to these bursts of radiation, a 
powerful source of continuous radia¬ 
tion (/ ~ 100 Hz) is rapidly rotating 
neutron stars, or pulsars, which may 
emit more than 1(F watts shortly 
after birth. This radiation, although 
difficult to detect, is important to the 
evolution of the pulsar. 

One of the simplest sources of gravi¬ 
tational waves in nature is the binary 
star system-two stars in orbit 
around one another. For long-period 
binaries the energy emitted has, as 
Einstein commented, “negligible 
practical effect.” However, short¬ 
term binaries, those with a period of 
less than one day, radiate much more 
efficiently, and it is possible that en¬ 
ergy lost in gravitational waves has a 
significant effect on the evolution of 
the system (Sejnowski 1974). 

There are also possible sources of 
low-frequency waves (/ < N)-s Hz). 
When galaxies first began to condense 
out of clouds of hydrogen in the early 
universe, it is likely (Rees 1974) that 
they generated gravitational waves of 
galactic size (i.e. A ~ 1(F cm, 

10 13 Hz). Although appreciable en¬ 
ergy may be contained in these waves, 
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they are essentially static over a sei 
entist’s lifetime, which presents dif¬ 
ficult problems for detection, (iravi 
tational waves with even longer 
wavelengths (10 2H cm > A> life'cm 
or Id)" 17 Hz </<!() > :i Uz) may have 
been produced by mailer inhumo- 
geneities in the very early universe. 
Again, the fields associated with these 
waves are essentially static; however, 
his possible that they would have an 
effect on the dynamics in clusters of 
galaxies. 

Gravitational wave 
detectors 

A simple gravitational wave antenna 
can he constructed by connecting two 
of the masses in Figurey by a spring, 
as illustrated in Figure 5, If the inci¬ 
dent wave has the same frequency as 
the spring-mass system, oscillations 
will be built up and, as a result, the 


wave will deposit energy in the an- 
ienim. The energy absorbed, as might 
be guessed, is proportional to the 
mass of the antenna. 

In the early I Ilf ills Joseph We her, at 
fin* University of Maryland, rum 
structed a large resonant antenna 
along these Hues f Weber liliiM). (n 
slead of using two masses separated 
by a spring, he suspended a single 
1,4110 kg cylindrical aluminum bar 
from a cable (Fig, fi). In its lowest 
longitudinal vihrutiomij mode the 
cylinder behaves like a spring-muss 
antenna wit ha resonant frequency of 
l .titil) Hz, The frequency was picked 
to fall within the expected range 
present in the pulse of radiation 
mnitfeid during gravitational col 
lapse, 

Weber was aide to monitor vibrations 
oi the cylinder by memo* of |m-zo 









Figure 5, A simple gravitational wave detector 
can be constructed by connecting two of the 
particles in Figure 3 by a spring'to form an ex¬ 
tended object, as shown in this schematic 
drawing. If the spring-mass system has the 
same frequency as the wave encountering it, 
oscillations will build up in it which can be 
detected by conventional means, 


electric strain gauges bonded to the 
antenna. (Piezoelectricity, discovered 
by Pierre Curie in the 1 . 880 s, is the 
property some crystals have of gen¬ 
erating an electric field upon being 
strained.) In order to eliminate ex¬ 
traneous noise, the cylinder was 
acoustically isolated in a vacuum and 
only those signals observed simulta¬ 
neously by two detectors 1,000 km 
apart were considered. The sensitivity 
achieved by Weber in this way was 
remarkable. He could have detected 
a pulse of radiation if it deposited as 
little as 10" 12 ergs of energy in the 
antenna. (One erg is roughly the 
amount of energy expended by a 
housefly in performing a single 
pushup.) This corresponds to a mo¬ 
tion of fa = 10“ l:1 cm at the end of the 
cylinder or a strain of ox/d = 10~ ,r> 


where (! is the length of the cylinder. 
Strain, ox, is a useful measure of j 
sensitivity because it relates directly j 
to the energy content of the incident r 
wave, ; I. 

i 

Here again we encounter the weak- j 
ness of gravitational interaction. In • 
order to deposit 10 ~ 12 ergs in Weber’s t 
antenna the incident wave must have J 
an energy flux of 2 X10 12 ergs/cm 2 . If r 
the source is a collapsing star near the j. 
center of our galaxy, this implies a I 
total output of 10™ ergs, which is [ 
100,000 times greater than the yield j 
expected in the optimum case. 'File j 
energy requirements of closer sources \ 
would be more modest; however, j 
there are fewer such sources. Since j. 
the sensitivity of the detector de- | 
pends slightly on the rate at which \ 
signal pulses occur, I have assumed [' 
one signal per month, which is the j 
upper limit lor the rate of gravita- | 



tional collapse in our galaxy. 


trial origin. By choosing a length of 1.5 meters 
for the cylinder, Weber effectively timed the 
-Joseph Weber pioneered the development of antenna to the expected frequency, range of 

a vibrationally sensitive antenna designed to gravitational waves, (Photo courtesy of J. 

detect gravitational radiation of extraterres- Weber.) 


The sensitivity of Weber’s detector | 
was limited by noise from two | 
sources. The amplifiers used to sense 1 
the output of the piezoelectric cry.s- j 
tals produced electrical noise, while | 
thermal noise resulted.from the mo- I 
tion of the atoms in the antenna. In j; 
the 1970 s, research groups at Bell j; 
Laboratories, the University of | 
Rochester, and the Max Planck In- f, 
stitute in Munich, in addition to the I 
group at Maryland headed by Weber, 1 
operated improved systems with f 
strain sensitivities of 10 " U V In order I 
to reduce the thermal noise in the I 
antenna and to make use of superior 1 
low-temperature transducers and ! 
amplifiers, researchers at Stanford | 
University, Louisiana State IJniver-j 
sity, the University of Rochester, the I 
University of Rome, the University of 1 • 
Western Australia, the University of J 
Saskatchewan, and again at Mary -1 
land have begun programs to cool | 
Weber-type antennae to tempera -1 
lures below 4 . 2 °K, the boiling point f 
of liquid helium (Tyson and GilTard | 
1978 ). The Stanford detector, under f 
development for nearly ten years, is j 
expected to be operating within the [ 
next two years with a strain sensitiv- ; 
ity of 3 X 10 “ 18 , which corresponds to j- 
3 X 10 s2 ergs emitted by a source at ( 
the galactic center (Boughn and Paik t 
197 ( 5 ). With this sensitivity we will for y 
the first time be in a position to detect | 
large bursts of radiation accompa- | 
nying the collapse of a star. 

If the expected number of detectable 


events is to Increase significantly, r —-——• 

sensitivities must be increased to 
allow observation of other galaxies. ' 

The nearest large cluster of galaxies, 
the Virgo cluster, is 60 million light 
years away, or about 2,000 times the 
distance to our galactic center. From 
observations of supernovae we know 
that gravitational collapse occurs at 
least once a month somewhere in this 
cluster. These events would result, in 
a strain signal at the earth of about ;: l 
kli = l(r 21 by optimistic estimates. 

Although there is no fundamental 
limitation which would prevent res¬ 
onant detectors from achieving this 
sensitivity, the technical problems 
should not be underestimated. 

Reaching such a sensitivity may take 
many years, if indeed it is possible at 

The primary constraint in the design 1 
of resonant antennae is length. To ^ 

achieve resonance at a given fre¬ 
quency /, the antenna must lie on the i L. 

order of one acoustic wavelength long, ^ C‘ s \ 

ie. d ~ vjf, where 14. is the velocity of mirror 

sound in the material. The gravita¬ 
tional wavelength is given by A = c/f; L -. .. —~ 

therefore, the factor in the ex- Fiioin- 7. in thin sdumwii 
pression for detector sensitivity is intffrffmmeiBr.tlininniiji 
equal to (u,/c) 2 , which is roughly in T b, \" ,mlr siK ; i ‘ r, ' (l 
P".™ (? r metals. One way around this 
limitation is to remove the spring where they fnrin »puiu*i 
from the two test masses in Figure 5 intwlwonee hnnits. A *;i 
and monitor the changes in distance 
in some other way. 


Linds, A uni 


R. L. Forward of the Hughes Re- 
search Laboratory has designed and 
built a laser interferometer detector, 
shown schematically in Figure 7, 
which does just this. A change of fa in 
the separation of A and B causes the 
interference pattern at I) to move by 
{k!\ tl ) bands, where is the wave¬ 
length of the laser light. To reproduce 
Weber’s initial displacement sensi¬ 
tivity of fa ~ 10“ 1:1 cm, a fringe shift 
of 10~ 9 bands would have to be de¬ 
tected. Forward-actually succeeded in 
measuring a shift of 10~ 7 However, 
the advantage of the interferometer 
is that its length is no longer con¬ 
strained by the resonance condition 
and ideally could be made to ap¬ 
proach one gravitational wavelength 
(actually half a wavelength is the 
maximum allowed). For a 1,000 Hz 
gravitational wave this corresponds to 
2 ~ 100 km and a strain sensitivity of 
(fold) ~ 10" 1H for a shift of 1()" 7 
bands. The effective length of the 
interferometer can also be increased 
by having the laser beam traverse the 


arms many times; the motion of the 
interference bands is thus greatly 
amplified and the .sensitivity to gra¬ 
vitational waves correspond! nglyiu - 
creased. 

Another advantage of the laser de¬ 
tector is that it responds to a much 
larger range of frequencies of gravi¬ 
tational waves, i.e, il has wide-band 
response. The only prerequisite is 
that at the frequency of interest the 
mirrors are approximately free that 
is, loosely coupled to each other. 
Laser detectors are, therefore, capa¬ 
ble of sampling the frequency range 
occupied by binary stars and pulsars. 
However, large laser systems in earth 
orbit would he required to achieve the 
sensitivity necessary to observe these 
sources—an expensive proposition. 

Currently groups at MIT, the Cali¬ 
fornia Institute of Technology the 
University of Glasgow, and the Max 
rlanck Institute are developing laser 
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defectors, With more powerful lasers 
than were available to Forward, these 
groups hope to equal and even sur¬ 
pass the sensitivities of resonant an ¬ 
tennae, It must he emphasize!] that 
the program is still in its infancy and 
thal as yet no laser detector has 
achieved sensitivities comparable to 
those of resonant antennae of a dor 


Another type of free-mass system 
being developed is floppier ranging: of 
interplanetary spacecraft, A gravita¬ 
tional wave incident on the solar 
system causes the spacecraft to move 
relative to tin* earth, resulting in a 
frequency shift in a microwave radar 
signal transmitted between the 
spacecraft and a receiving station on 
earth. Because of the great distances 
involved, the frequency range sum 
pied by this system can lie much 
lower than 1,01)0 Hz. Using data oh 
lained from the Viking space probes, 
Armstrong and his co-workers (19791 
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at the Jet Propulsion Laboratory in 
Pasadena have already demonstrated 
strain sensitivities of 3 X 10" w and 
hope to improve this to 10" 15 in the 
next few years. These values are be¬ 
ginning to approach the strains of 
10"' lfi to ID’ 17 expected from hypo¬ 
thetical sources such as explosions in 
quasars, which Thorne and Braginski 
have estimated may occur as fre¬ 
quently as several times a year. 

Other methods'of detecting gravita¬ 
tional waves have been discussed in 
the literature; however, the three 
types described above—resonant 
mass, laser interferometer, and dop- 
pler ranging—offer the most promise 
and are the only ones now under ac¬ 
tive development. The progress made 
in the last decade and the anticipa¬ 
tion of the progress to be made in the 
next have generated a cautious opti¬ 
mism that gravitational waves will 
soon he directly observed. 

Progress in detection 

The “evidence for the discovery of 
gravitational radiation” that Weber 
presented in 1969 centered on his 
observation of statistically significant 
signals occurring simultaneously in 
two resonant mass detectors sepa¬ 
rated by 1,000 km. The signals ap¬ 
peared to be of extraterrestrial origin 
and, in fact, to come from the direc¬ 
tion of the galactic center, but the 
enormous energy that would have 
been required by any reasonable 
source to produce these signals was 
disturbing. In the five years that fol¬ 
lowed, several groups (at the Uni¬ 
versity of Moscow, Bell Labs, the 
University of Rochester, IBM, the 
University of Glasgow, and the Max 
Planck Institute) operated detectors 
with comparable and greater sensi¬ 
tivities. None of these groups con¬ 
firmed Weber’s observations, and it 
is now generally accepted, that the 
signals he detected were not due to 
gravitational waves. 

In 1971 Faulkner suggested that 
gravitational radiation from short¬ 
term binaries, may be directly re¬ 
sponsible for mass transfer in these 
systems. Evidence of mass transfer, in 
the form of nova outbursts, has been 
observed in binary systems (for ex¬ 
ample in WZ Sagittae, with a period 
of 81 minutes), but the complete 
system is much too complicated to be 
considered strong evidence for the 
discovery of gravitational radiation, 


In 1975 Joseph Taylor, working with 
the 1,000-meter-diameter radio- 
telescope at Arecibo, Puerto Rico, 
discovered a binary system, one 
component of which was a pulsar and 
the other a compact object (either a 
white dwarf, a neutron star, or a black 
hole). With such small (but massive) 
objects the dominant evolutionary 
factor is expected to be the emission 
of gravitational radiation. By care¬ 
fully monitoring the pulsar signal for 
the last four years, Taylor has been 
able to determine accurately the or¬ 
bital energy being lost by the system. 
(As energy is lost the two components 
spiral toward each other and the pe¬ 
riod of revolution actually decreases.) 
The energy lost by the system agrees 
closely with the loss due to gravita¬ 
tional waves predicted by general 
relativity theory. Taylor, in effect, 
was able to use a gravitational wave 
detector as large as file source, 
namely the source itself! Even so, the 
period decreased by only 3 parts in 
10 H per year. 

A piece of information has recently 
come to light which may raise a 
question about the validity of Tay¬ 
lor’s findings. Using the 4-meter 
telescope of Kitt Peak National Ob¬ 
servatory, Crane and his co-workers 
(1979) have tentatively identified one 
of the components of the binary sys¬ 
tem with a faint star, This identifi¬ 
cation, if confirmed, would cast doubt 
on Taylor’s hypothesis that both 
components are compact and hence 
invisible objects, More data are ea¬ 
gerly awaited. 

If future observations support Tay¬ 
lor’s findings, gravitational waves will 
have been discovered. Precise mea¬ 
surements of the energy loss can be 
used to test general relativity theory, 
since most other theories of gravity 
predict different losses, Finally, the 
measurements could dear up the 
disagreement among some theorists 
as to just what value general relativity 
theory itself predicts. 

Gravitational wave 
astronomy 

The observations made by Taylor are 
of great importance to gravitational 
theory. In terms of astrophysieal 
sources of gravitational radiation, 
however, compact binary systems 
(two point masses revolving around 
one another) are the least interesting 
objects imaginable. If gravitational 


wave astronomy is to survive as a j 
branch t if astr< iphysics, sooner or later j 
direct observation must be made of ! 
gravitational radiation emitted by j 
one of the spectacular phenomena | 
discussed above. It is in these sources ! 
with strong gravitational fields and j 
relativistic velocities that gravita- j 
tional waves become an essential ob- l 
servational tool. The very weakness of j 
the gravitational interaction, which f 
makes gravitational waves so difficult j 
to detect, allows them to pass virtu- | 
ally unimpeded through regions of f 
dense matter that block all other t 
signals. Observing these waves is the [; 
on ly way we will ever be able to probe I 
deep into the strong, dynamic fields l 
of gravitational collapse. 

Gravitational wave physics is in a j: 
somewhat strange stage of its (level- j 
opmont. In the last fifteen years many J. 
hundreds of theoretical papers have j 
appeared in the journals while ex- [... 
perimenters are still struggling to j. 
make the first observations. It is | 
possible that this situation will con- : 
tinue for the next fifteen years. : 
Today, nearly two decades after Pir- 
ani made his dispiriting statement b 
concerning the direct observation of j 
gravitational radiation, the pessimist j 
might add that although theorists f 
have strained their imaginations to f 
the limit to come up with strong | 
sources of gravitational waves, cur- j; 
rent detectors are still orders of § 
magnitude away from observing even I 
these. The single exception is gravi-1 
tational collapse within this galaxy, f 
which has been estimated to occur |\ 
once every fifteen years but may in i'\ 
fact take place once every 500 years, {• 
the observed supernovae rate. f 

The optimist, on the other hand, j 
might point; to the continual techno-g; 
logical advances which have already f 
brought us far beyond the sensitivity | 
achieved by Weber in 1969 and | 
promise even more progress in the f 
next few years. He might conclude | 
with the following quote from 11. | 
Rossi (1974), an early experimenter in | 
the now-vigorous field of x-ray as-1 
tronomy: “The theoretical predic* i 
l ions did not provide much encour-, 
agement. While several ‘unusual’ ce¬ 
lestial objects were pinpointed as 
possible, or even likely, sources of 
x-rays, it did not look as if any of 
them would he strong enough to he 
observable with instrumentation not 
too far beyond the state of the art. 
Fortunately, we did not allow our- j.. 


selves to be dissuaded, As far as I am 
personally concerned, I must admit 
that my main motivation for pressing 
forward was a deep-seated faith in the 
boundless resourcefulness of nature, 
which so often leaves the most daring 
imagination of man far behind” (p. 
vii), 
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Saunders Mac Lane Mathematical Models of Space 

The ways in which mathematicians have structured 
space are traced from the simple figures of Euclid to 
the operations of functions on locales 


The attempt to understand space has 
been a major source of ideas for 
mathematics and for its applications. 
It turns out that there are many dif¬ 
ferent ways of understanding space, 
so many that there are numerous 
different kinds of “spaces” used in 
mathematics. 

When we first try to understand it, 
space appears to be continued change 
and confusion. There are bubbling, 
moving, oscillating shapes and objects 
immersed in some sort of invisible 
soup. These confused perceptions are 
hardly to be understood even vaguely, 
let alone precisely. Nevertheless, 
mathematicians over many successive 
generations have succeeded in 
grasping this invisible substrate and 
turning it into a precise and struc¬ 
tured receptacle, in which all the 
various shapes can reside and move. 

In the process of doing this, mathe¬ 
maticians have devised many ways in 
which space can be so structured, 
This article will identify and describe 
six major stages of the development 
of different models of space. No stage 
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Figure 1. One triangle can he rotated to cover 
another exactly if corresponding parts of the 
triangles—say,, two sides and the included 
angle-are equal. 


was easy to develop, and each has led 
in its own way to paradox and con¬ 
tradiction, but, in each case, the par¬ 
adox has been overcome, The title 
“Mathematical Models of Space” is 
meant to emphasize the great variety 
of ways in which our appreciation of 
space has been organized and made 
mathematically precise. 

Simple figures 

The first method of apprehending 
space is by means of simple figures 
embedded in space. The empty re¬ 
ceptacle “space” is described by in¬ 
direction, in terms of what things can 
be put into it and how they can move 
about, The typical figures used for 
this purpose are, first, triangles, lines, 


and circles and then more elaborate I 
ones such as ellipses, parabolas, eyl- f 
inders, or spheres, The essential fen- j 
ture of these figures in Euclidean | 
(Euclid, c. 300 B.C.) geometry is that | 
they can be moved about The possi-1 
bility of such movement is the way in i 
which the homogeneity of space is f 
apprehended: Seen from any one I 
point, the receptacle “space” looks I 
just the same as if it were seen from I 


any other point. Again, space seen in 
any one direction looks just like space 
seen in any other direction—as may 
be tested by rotating the first direc- 


f 

i 


tion into the second. § 

In Euclidean geometry this homoge-1 
neity of space appears right at the J 
start in the various congruence then- f 
rems for triangles. The theorems ; 
show how one triangle can be rotated f 
to cover another triangle exactly, I 
provided corresponding parts suit- r 
ably agree—say, on two sides and the | 
included angle. Thus in the two tri- ; 
angles of Figure 1, angle A = A', side j 
Afi - side A'B', and side AG = side F 


A f C imply that triangle ABC is con¬ 
gruent to triangle A'B'C This ex¬ 
ample indicates how analysis of fig¬ 
ures within a space captures the fluid 
possibilities of that space—in this 
case, the homogeneity of space. 

Among the theorems on triangles, the 
Pythagorean (Pythagoras, c. 532 B.C.! 
theorem stands out: It asserts that in 
a right triangle the square on the hy¬ 
potenuse is always equal to the sum of' 


the squares on the other two legs. 
There are various Euclidean proofs of 
this result, but each of them makes! 
penetrating use of the previous de¬ 
velopments in Euclidean geometry, 
Thus one proof uses the notion of 
similar triangles by cutting up the 
given triangle into two similar trian¬ 
gles with the same shape, as in Figure 
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2, where ABC is similar both to ACL) 
and to CBD. Write c for the length of 
the hypotenuse and b, a for the 
lengths of the two legs, Then, since 
the ratios of corresponding sides in 
similar triangles are equal, we have 

c b c a 
b~ AD a " d a’DR 
Clearing of fractions, this gives 
b^c(AD), a 2 - c(DB). 

Adding makes 

b 2 + a 2 = c{AD + BI)) 
which is c 2 , as desired. 

Another proof of the Pythagorean 
theorem depends on areas. One may 
fit four congruent right triangles and 
a small square all inside a larger 
square, as in Figure 3. A calculation of 
the total area will then give the the¬ 
orem. 

The Pythagorean theorem also pro¬ 
vokes a paradox about measure¬ 
ments. For measurements it was 
originally assumed that any two 
magnitudes of the same kind would 
necessarily be commensurable, in the 
sense that both magnitudes could be 
represented as a whole number of 
units, if only a suitably small unit of 
measurement were used. Alterna¬ 
tively, this amounts to the assertion 
that, whatever the unit, the measure 
of the first magnitude is a rational 
multiple of the measure of the second. 
For measurements of length the 
Pythagorean theorem showed that 
this assertion cannot possibly be 
right, even in the case of the simplest 
right triangle with two equal acute 
angles of 45° (Fig. 4). Taking each 
short leg of the triangle to he 1, the 
unit of measurement, the Pythago- 


to describe the measurement of in- 
commensurahles. Mis methods (us 
explained in BirkhoiTaml Mac lane 
1977, chap. 4) strongly resemble those 
employed even today as the basis of 
the “real numbers” used for mea¬ 
surements. 

Different varieties of 
space 

Euclidean geometry, because of its 
successful systematic treatment of 
space, became the model of strict 



Figure 'L One proof uf the Pythagorean then- 
rem uses the notion of similar triangle* t ha t 
is, the triangle ABC is cut into two triangles, 
ADD and CUD, with the .same shape, 



Figure !1, Another proof of the Pythagorean 
theorem impsthe Cfde illation orarits uf pi^i 
titled together to make a square, 


deduction in rnit 1.1 itfimtlies n model 
used oven faraway from mafhemat 
its, as in Spitmza s fili:i:: 77} theory 
of ethics. Both in plant* and three- 
dimensional Euclidean geometry, 
each theorem was carefully deduced, 
step by step, from previous theorems 
and tin* basic postulates, Thereby 
ft rose the evident demand that till of 
these basic postulates should I hem- 
selves be intuitively mtlml, Tins 
intuitive evidence could then be 
transmitted down the long line of 
deductions leading from the pustu¬ 
lates to the theorems. Most of the 
postulates were indeed evident, but if, 
gradually appeared that one of 
them the parallel postulate did 
not really carry with it any convincing 
immediate evidence. 

Parallel tines art* lines in the Euclid¬ 
ean plane which never meet; the 
parallel postulate asserted that for 
anyone given line /and any one point 
p outside it in l lm plane then* is ex¬ 
actly mm line through that point mid 
parallel to the given line, as in Figure 
fi.On reflection, one might ask, “Why 
is this evident?” Perhaps there could 
be several such lines, or again perhaps 
none, as when apparently parallel 
tracks o! n railroad seem to converge 
m the distance (Fig, II), Haceheri 
(1H77 • 1733} tried to show that one of 
these alternative possibilities could 
not take place by demonstrating that 
if would lead In a variety ol'utterly 
strange ('(inclusions. Although tin* 
conclusions were st range, they did nol 
involve flat contradictions; heme, 
despite his hopes, bis met hod did not 
provide the desired clear evidence for 
the parallel postulate itself. 

Not until near the middle of the 
nineteenth century did other math 
emaiicians (K. Bolyai, 1775 IMntUnd 


rean theorem shows that the measure 
of the hypotenuse must he \Ji . On 
the other hand, a direct, number- 
theoretic argument shows that no 
rational number min can possibly 
have its square equal to \Ji , There¬ 
fore, the diagonal and the sides of this 
simple triangle are incommensurable 
magnitudes. 

Initially, this violation of the basic 
intuition of commensurable mea¬ 
surements appeared to be an irresol- 
vable paradox. Rumor has it that the 
original circle about Pythagoras kept 
it a close secret, but not for long, for 
Eudoxus (408-355 B.C.) soon suc¬ 
ceeded in developing a precise theory 



Figure 4. The Pythagorean theorem provokes 
a paradox about; measurement. It was originally 
assumed that any two magnitudes of the same 
kind were commensurable; the Pythagorean 
theorem refutes this by showing that the dj, 
agonal and the Bides of even a simple right 
triangle are incommensurable magnitudes, 


N. 1. Ubwhcvskt, 1793 IHnfi) finally 
show that an (dfeetive geometry of tin* 
plane could indeed he const meted 

with an axiom emuradicting the Ku 

didean postulate. Thin was a "non. 

EuclidefliTmodfliifgcojnHry.il led 
to the startling recognition t hat there 
could be two incompatible descrip¬ 
tions of ambient space, each uf them 
self-consistent. 

Nearly half a century later Henri 
Poincare (lHfri ifjivj and others 
showed that the nun Euclidean 
geometries were internally consistent 
by demonstrating Mint models could 
be constructed for them within the 
terms ol ordinary Euclidean gcuue 
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try. The simplest (but not the most 
decisive) such model is that given by 
the geometry of the sphere. Specifi¬ 
cally, start with a fixed sphere, as 
shown in Figure 7. Take a “point” in 
plane geometry to be a point any¬ 
where on this sphere and a “line” to 
be any great circle on the sphere. 
Though such a line is not intuitively 
“straight,” it dogs provide, as in nav¬ 
igation, the shortest distance between 
any two of its points. With this in¬ 
terpretation of “point” and “line,” 
basic properties of Euclidean plane 
geometry still hold, except that there 
are no parallel lines, Indeed, since a 
great circle is the locus cut from the 
sphere by a plane passing through the 
center, two different great circles are 
cut by two different such planes and 
so must intersect at the ends DandZ)' 
of the djameter, where those two 
plapes through the center meet, In 
other words, through any point p on 
the sphere, there can be no “lines” (= 
great cycles)’parallel to any given line 

This model and other, more subtle, 
non-Euclidean models serve to em¬ 
phasize the fact that geometries dif¬ 
fering from Euclidean geometry are 
really possible. These models changed 
the understanding of what axioms (or 
“postulates”) do, For Euclid, the 
word “line” in the axioms of Euclid¬ 
ean geometry was understood to refer 
to a real line in actual space, Now 
“ling” is a concept whose meaning is. 
wholly determined by the axioms of 
the geometry in which it appears, and 

P , which can, therefore, have quite dif¬ 
ferent interpretations in different 
models, 

Analytical geometry 

As geometry developed in Europe, it 
gradually shifted from the Euclidean 
approach of understanding space by 
analyzing within it just simple figures 
like the triangle and the circle, Many 
more figures became accessible once 
one used coordinates as provided by 
the invention of analytical geometry 
by Descartes (1596-1650) and Fermat 
(1601-65). Coordinates made it pos¬ 
sible to replace each point p in the 
plane by the pair of numbers giving 
the coordinates of p relative to the 
chosen coordinates’ axes (Fig. 8). 
Then no matter what the curve qr 
figure, it could be described by an 
equation giving the necessary relation 
between the coordinates on the points 
of that curve. 


This striking device reduced all 
problems in geometry to problems in 
algebra—namely, to algebraic ma¬ 
nipulations of the corresponding 
equations. As the variety of possible 
equations grew, more figures were 
possible. Moveover, this represented 
a dramatic shift in viewpoint from the 
synthetic approach to geometry of the 
Greek traditions to an analytic view 
of geometry, subordinate to algebra. 

Nevertheless, problems arose. Com- 


P 


Figure 5, The parallel postulate asserts that for 
any one given line l and any one point p outside 
it in the plane there is exactly one line through 
that point and parallel to the given line, 



Figure 6, An effective plane geometry can be 
constructed with properties that contradict the 
parallel postulate of Euclidean geometry—as 
when railroad tracks seem to converge in the 
distance. Through the given point p there 
might be several lines parallel to the given line, 
as in the upper illustration, or none, as in the 
lower illustration, 



Figure 7. The internal consistency of non- 
Eudidean geometries was demonstrated by 
constructing models for them within the terms 
of ordinary Euclidean geometry. In the sim¬ 
plest such model, the “lines” are the great cir¬ 
cles on tlie sphere. 


plicated equations described curves 
with bizarre properties. Initially, the 
ideas of calculus had made it possible 
to determine the tangent line at any 
point to any curve given by an alge¬ 
braic equation. Complex trigonome¬ 
trical equations, however, could pro¬ 
duce curves which wiggled so badly at 
one point that there could be no tan¬ 
gent whatever at that point. By the 
end of the nineteenth century, 
mathematicians had constructed 
“curves” with no definable tangent 
lines anywhere, In other words, the 
deeper analyses of space made pos¬ 
sible by Cartesian geometry meant 
that one had within that space a 
much wider and wilder variety of 
figures. 

The understanding that there was 
such a wide variety of possible figures 
has gradually led to the development 
of the very general notion of a func¬ 
tion. A function is simply any speci¬ 
fication which assigns to every real 
number x another real number/(x). 
This might be the function given by 
a simple formula like 

/(x) = x :3 or/(x) = x 2 + 7x + 2 
or f[x) = sinx, 

but it can be any specification not S 
necessarily given by a formula. The j 
functions described in this way are j 
functions on R to R, where R desig- j 
nates the set of real numbers.Other j 
parts of mathematics need to use f 
similar'functions defined on quite ; 
elaborate sets X. This extraordinarily f 
general notion of function has not { 
only dominated the modern devel- ! 
opment of analysis but has led to set j. 
theory and thence to “abstract” al- \ 
gebra, in which analogs of the familiar j ; 
arithmetic'operations + and X are f 
defined on very general sets. 

With the understanding Of analytical I 
geometry, a point p in the plane be- 1 : 
came simply any pair of numbers- | 
namely the coordinates {x, y) of that I 
point—while a point in space was re-1 
placed by its three numbers as coor-1 
dinates. The algebraic operations on | 
pairs or triples of numbers would I 
work just about as well for more than I 
three numbers, Hence arose the) 
question: Why not four dimensions? 1 
And indeed, why not? As we no«r | 
know, it is convenient to thipk of the j 
manifold of events as the points of a 
space-time which has four dimen- | 
sions—three coordinates x, y,z to | 
specify the position of the event in the j 
Euclidean space and one coordinate v. 
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t to specify the time of the event. The 
resulting four-dimensional manifold 
did act just like a “space,” in four di¬ 
mensions rather than in three. 

But if four dimensions can be han¬ 
dled, why not more? In mechanics, 
the motion of a material point in a 
given field of force is determined by 
giving both the initial position and 
the initial velocity of the point, so that 
three coordinates for position and 
three more for velocity make six in all. 
This suggests that the manifold of 
possible situations of a point is a six¬ 
dimensional space, called phase- 
space, 

Phase-space too can be best under¬ 
stood in terms of its geometric char¬ 
acter, and indeed this character ap¬ 
peared in the mechanics of Lagrange 
(1736-1813) and Hamilton (1805-65). 
Six is not the ultimate limit of di¬ 
mensions of phase-space. The corre¬ 
sponding phase-space for k different 
points would be a 6 X A dimensional 
space because of the six independent 
coordinates for position and velocity 
of each of the k points. The mathe¬ 
matical idea here is the geometric 
perception that for every integer n 
there can be an rc-dimensional space 
in which each point p is determined 
by n coordinates xi,..., x n ; this 
perception can be handled mathe¬ 
matically without particular attention 
to the special models used for phase- 
space. 

These higher dimensional spaces can 
still be described in Euclidean terms 
by means of the figures which can be 
placed within them. The case of cir¬ 
cles and spheres is suggestive. In the 
Euclidean plane the circle 8 l of ra¬ 
dius 2 and with center at the origin 
can be described in Cartesian coor¬ 
dinates as the locus of all those points 
p whose coordinates ( x , y) satisfy the 
equation 

x 2 + y 2 - 4. 

This equation simply states that the 
distance d from the origin to the point 
(*. y) has square equal to 4 (Fig. 9) 
Similarly, the sphere S 2 of radius 2 in 
three-space, as pictured, say, in Fig¬ 
ure 7, consists of the points whose 
coordinates satisfy 

* 2 + y 2 + z 2 = 4 


surface (like that of our globe) is 
two-dimensional. 

In four-space, there is a three-di¬ 
mensional sphere S !l . It can be de¬ 
scribed analytically as the set of all 
those points x, y, z, t in that four¬ 
dimensional space which satisfy the 
corresponding (Pythagorean) equa¬ 
tion 

x 2 + y 2 + z 2 + t‘ J - = 4, 

This sphere S'\ living in Euclidean 
four-space, may seem hard to visual¬ 
ize. However, if we think of the fourth 
coordinate t as time, we can describe 
that part of .S' :l which we can see at 
any one time t. If t < -2, t‘‘ exceeds 4, 
and thus no values of x, y, z can sat¬ 
isfy the equation, At t = -2 there is 
just one point visible: x=y = z- ()„ 
At t = - VI we must havex 2 +y 2 + 


y 



Figure 8, Coordinates made it possible to re¬ 
place each point p in the plane by the pair of 
numbers giving the coordinates of p. This mode 
many more figures accessible, each described 
by an equation giving the relation between the 
coordinates of the points of the figure, 



which again, as by Pythagoras, states 
that the distance from (x, y, z) to the 
origin has square 4. This is the two- 
dimensional sphere S 2 , because its 


Figure 9. In the Euclidean plane the circle S 1 
of radius 2, with center at origin fLmlio de¬ 
scribed in Cartesian coordinates as Ui’eWof 
those pointsp whose coordinates (*,y) >SH t. 
isfy the equation x 2 + v 2 = 4. ' 


z l '“ 4 -(v 2)"« 2, and thus we have 
a sphere S 2 of radius VI. Then at l = 
“1, r- + y 2 + z 2 = 3, and thus we see 
ft larger sphere of radius Vi!, Then 
when t ~ 0, the visible x, y , z sphere 
has become x :! + y 2 4- z l = 4, the full 
sphere of radius 2, 

Let time go on beyond i = {), Thus, t 
* +1 yields ii somewhat smaller 
sphere of radius V.‘i again, and so on 
to smaller spheres and finally to just 
a point al i = 2, Putting this alf to¬ 
gether in Figure 10, we picture the 
whole three-dimensional sphere S :) as 
moving slices, each slice an ordinary 
2 sphere. 

In the same way, beings living only in 
the (x, y) plane could imagine our 
usual sphere S 2 as a growing and then 
shrinking sequence of circles. Thus 
there is for each n an n -dimensional 
sphere, described in Euclidean n + J 
space as the locus of the equation 

xr + x>r + •* • + .iy ! + f 2 - 4. 

For the motions of bodies in three- 
dimensional space, the cumbersome 
process of writing three equations, 
one lor each of the three coordinates, 
cati be replaced by vector analysis, in 
which the three numbers x, y, z are 
replaced by one vector v from the or¬ 
igin to the point x, y, z. Indeed the 
definitive form of vector analysis was 
that provided by the great American 
scientist Jewish Willard Gibbs 

(Ib.'ltJ.1903) end presented in the 

notable Gibbs-Wilson text on vector 
analysis (1901), Even today, the 
notation from Gibbs's vector analysis 
is standard in theoretical physics, 

For example, the inner product of two 
vectors v and w can be described as 

V‘W » jvj | w| cos (I, 

It is the length |v| of v times the 
length.|w| of w times the cosine of 
the angle II between them. Alterna¬ 
tively, when the vectors are written in 
terms of rectangular coordinates, v « 
(*n >'i, zi) and w = (x a> y a , the 
inner product is 

Ui»yi ) *i)(*2,.ya 1 22) 

“^a+'.VLVa + zjza, 

It is zero if and only if the vectors are 
orthogonal (i.e. perpendicular). 

Borne portions of this three-dimen¬ 
sional vector analysis, such as the 
outer product, are special to the di¬ 
mension number three, However, the 










inner product, as in the formula just 
above, will apply to vectors in any 
number of dimensions; it is zero there 
if and only if the vectors are orthog¬ 
onal. In this way, the basic algebra of 
vectors carries over unchanged to 
arbitrarily high dimensions. This 
appears today in the study of vector 
spaces and their linear transforma¬ 
tions as handled in linear algebra; it 
represents a systematic completion of 
the ideas of Descartes intended to 
reduce geometry for all dimensions to 


and inner products will apply to infi¬ 
nite dimensional spaces, as carried 
out by David Hilbert (1862-1943), A 
point in (separable) Hilbert space H 
can be given by an infinite string of 
coordinates 

%% %*•■) 

provided that the sum of the squares 
of the coordinates converges: 2x„ 2 < 
05. This provision means that the sum 
measures, as in the Pythagorean 
theorem, the square of the distance of 
this point from the origin (0,0/-) of 


vention of God or the Devil. As a j 
parody of an old American folk song 1 
has it: l 

You can’t get to Heaven on a Banach j;. 
space, 

’Cos the Lord ain’t heard of any such j\ 


Points and distance \ 

Most of these higher-dimensional | 
spaces, both Banach and Hilbert f 
spaces, still have a partially Euclidean I 
structure. They are filled in a homo- f 


Figure 10, The three-dimensional sphere S 3 
can be pictured as moving slices, each slice an 
ordinary two-dimensional sphere. 


Dimensions, however, do not stop 
with finite numbers. Consider 
“points” which have an infinite 
number of coordinates. An example 
' arises with the Fourier series used to 
represent periodic functions. The 
usual trigonometric functions/(x) s 
sin 2tx andg(x) = cos 2n are peri- 
. odic with period 1, in the sense that 
f(x + 1) = fix) and g(x +1) - g(x). 

' The functions sin 4 ttx : and cos 47rs: 
f are also periodic with period 1. The 
. idea of a Fourier series is to represent 
other such periodic functions f as 
combinations of these trigonometric 
, functions 

L f{x) - ao + fli sin 2irx + 
m +6icos27rxtavsin4Tx + -** 

p or in general by a series like 
f{x) - a {] + f a n sin27mx + 


+ D 6,. cos 2inx, 
/-o . 

When this is the case, there are simple 
formulas to determine the coefficients 
a n and b n from integrals of /. This 
means that such periodic functions / 
are described by an infinite number 
of coordinates 


This suggests that the ideas of vectors 
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Hilbert space. It also means that an 
inner product of any two such vectors 
can be defined by the usual formula 




From this point on, the mathemati¬ 
cian has available the geometrical 
properties of orthogonal vectors, 
projections, and the like, much as in 
finite dimensional “Eqclidean” 
spaces. 

This Hilbert space was invented to 
handle spaces of functions—like the 
periodic functions of the Fourier 
analysis above pr the functions in¬ 
volved in the solution of certain in¬ 
tegral equations. It then turned out, 
in the late 1920s, that these Hilbert 
spaces were precisely the mathemat¬ 
ical tool needed for quantum me-- 
chanics. 

There are even more general 
spaces—-Banach spaces, discovered 
independently in 1922 by Stefan Ba¬ 
nach (1892-1945) and Norbert 
Weiner (1894-1964), Geometrical 
insights still apply for such infinite 
dimensions, though there may be 
some uncertainty as to whether such 
high-dimensional spaces are the in- 


t= +V2 t= +2 


geneous way with triangles and te- f 
trahedra and with lines, planes, and [ 
the corresponding flat subspaces of all 1 
the higher dimensions, as well as with ; 
circles, spheres, and higher-dimen- l 
sional spheres. For other purposes, ! 
however, we need to consider spaces j 
which are curved and not necessarily ; 
homogeneous. Thus we might wish to 
consider a two-dimensional space f 
composed only of the points on the | 
surface of the sphere S 2 , dropping out I 
of existence all the points inside the i 
sphere and all those outside, leaving \ 
only the points on the sphere, i 
Studying such a space by triangles r 
involves limitations, because the tri- ; 
angles on the sphere, though they \ 
move about homogeneously, cannot \ 
expand wjthout some change in 
shape. 

: 

Other more bizarre spaces are possi- \ 
ble. For example, consider a “space” \ 
whose points consist of just those f 
points p = {x, y) in the ordinary plane 
which have rational numbers x andy 
as coordinates. This is a space with ■; 
many “hojes” (points not there be- 
cause their coordinates are irrational). |; 
Many other such configurations that. r 
are not “ordinary” space hut still are f 
endowed with “spatjal” qualities; r 
arose from analysis. After consider- | 
able experiment an appropriate i 


framework was found for these gen¬ 
eral spaces—the notion of distance. 

To see this, consider space to be sim¬ 
ply a gaggle of points tied together by 
nothing but the specification which 
gives for each two points p and q the 
distance d(p, q) from p and q. This 
distance might be just the ordinary 
Euclidean distance given in accord 
with the Pythagorean formula for 
points p = (x, y) and q - (x 1 , y') by 
the standard Euclidean formula 

d(p,q) = y/lx r -x) 2 + (y'-y) 2 . 

Much the same formula would work 
in higher dimensions. Alternatively, 
the space might be the set of points on 
a sphere, while the distance d{p, q ) is 
given by the length of the great circle 
from one point p to another point q. 
Or, for purposes of relativity theory, 
a similar distance formula, involving 
three space coordinates x, y, and 2 
and one time coordinate t, can be 


has come along way from the original 
axioms'of Euclid. The many axioms 
of Euclidean geometry on triangles 
and lines have been replaced by this 
short list of properties. The drastic 
difference arises because Euclid’s 
axioms endeavored to describe just 
one specific space, that; of our imme¬ 
diate perception. The idea of metric 
space, to the contrary, applies to 
many different examples, Euclidean 
and non-Euclidean, as well as to the 
infinite-dimensional Hilbert and 
Banach spaces. This shift to the 


Figure 11. The “triangle axiom' 1 states that the 
direct distance from p to r cannot lie greater 
than the roundabout distance through q. 


d(p,g) = [(x , -x) 2 +(/-yE 

+ (z'-z) 2 -c 2 (t'-t) 2 P, 

In this formula c designates the ve¬ 
locity of light in the units used for 
: time and distance. 

General spaces with a distance in this 
fashion were first recognized in 1905 
by Maurice Frechet (1878-1974), who 
spoke not of distance but of ecart. He 
needed such spaces for the systematic 
formulation of the calculus of varia¬ 
tions. His idea for these spaces 
worked, but not his terminology. 
They were soon called “metric” 
spaces—an arbitrary set of points 
with the distance function required 
only to satisfy the three following 
simple properties: 

1. The distance from p to q is non¬ 
negative—it is zero if and only if p - 

2. The distance from p to q equals 
that from q top; 

If P, 7, and r are any three points, 
the distancefrom p to r is at most the 
sum of the distance from p to q and q 
to r. 


management of many different 
models atypical of the development 
of twentieth-century mathematics 
and has the effect of making elemen¬ 
tary geometrical intuition applicable 
in many novel cases. 

Strangely enough, a metric space no 
longer really need be continuous. If 
from a metric space one punches out 
many holes, large and small, the re¬ 
maining points, with their distances 
as before, still constitute a metric 
space. This observation emphasizes 
the great generality involved and, si- 
multaneously, suggests an attempt at 
classifying types of metric spaces of 
restricted generality. Intuitively, a 
space with too many points removed 
would be quite “incomplete.” For* 
mally, a precise description of a 
“complete” metric space can he made: 

A space in which every sequence of 
points which “ought” to converge 
indeed does converge to a suitable 
point as a limit. 


This last property, known as the 
“triangle axiom,” captures the idea 
that the direct distance from p to r 
cannot be greater than the round- 
about distance through q (Fig. 1 1 ), 

With these three properties, geometry 


Metric spaces—defined as arbitrary 
sets of points with a suitable dis tance 
function satisfying the three axioms 
given above—do provide quite ex¬ 
traordinary generality, but this gen¬ 
erality has run into various concep¬ 
tual difficulties focused on the general 
notion of a set What does any “set” 
of "points” really mean? About 1900, 
Bertrand Russell (1872-1970) pro- 
duced a particular paradoxical set R, 
which consisted precisely of those sets 
a which are not members of them¬ 
selves. This set R poses a paradox 


ol because neither can it be a member of 
is itself nor can it not he a member of 
is itself, 
is 

k' Happily, this paradox was resolved in 

’s 1908 in two independent ways.by 

d Hilssell himself, with his type theory, 
>- and by Ernest Zermelo (1871-1958), 
c who provided a careful set of axioms 
o lor set theory. The crux of his axioms 
11 describes a situation in which we can 
e properly form the set of ail so-and-sos 
■1 and, in particular, does not allow the 
3 formulation of such a set where so- 
•UKkso means “not a member of it¬ 
self,” Thus again, geometry gives rise 
to paradoxes, but thus again they can 
be overcome. 

Regions and continuity 

Space should he a continuum. Why is 
it enough to treat spaces by measur¬ 
ing only distance? It is enough be¬ 
cause by distance alone we can tell 
when one point, is sufficiently near to 
another one and, more explicitly, 
when a function / defined on the 
points of a space is continuous. The 
basic geometric intuit ions of space as 
a waving or moving continuum are, 
after all, expressed precisely by this 
notion of a continuous function /. 

Consider a function/which maps the 

points p of any one metric space into 

points /(p) of a second space (both 
spaces might, be just the real line). We 
int end that/“continuous" is to mean 
that, / has no “jumps.” More explic¬ 
itly, this means that when the point p 
is close to another point q, then ftp) 
is dose to/(</). This is better put. the 
other way around: We can make ftp) 
dose to /(</) by making p dose to </; 
more exactly, we can make /Ip) as 
dose as desired to f[q) bv making p 
sufficiently dose to </. This in turn 
can be stated precisely by expressing 
n ^ ,V bit a small distance 
from,” The exact definition now 
reads: 

I lie function / is continuous at the point 
P if, given any small positive number c, we 
can make the disLance between ftp) and 
fiq) jess than r by requiring that q lie 
within some suitable distance h of p. 
Formally staled, the function / is contin- 
lunis at the point p if for all ( > () there 
exists a fi > 0 such that wherever dip. «) 

<i5, then d(/(p), f( (/ )) < f , 

Ii in this definition the distance 
dip, q) is replaced by the absolute 
value |p - </|, this concept of cont i¬ 
nuity becomes essentially that used in 












the calculus for describing continuous 
functions of real numbers. It is the 
merit of the definition of metric space 
that the same conceptual definition 
will work there. 

But if this notion of continuity is to be 
the central one, we may ask: Is even 
the metric necessary? The given 
measure of distance might be 
changed; for example, if all the dis¬ 
tances in the second space are multi¬ 
plied by a factor of three (or by a fac¬ 
tor of 17), the perception of which 
functions are continuous is not al- 


cular discs with different centers, and 
possibly different radii, and lumping 
together all the points in all of them 
(Fig. 12). 

This property could also be expressed 
this way: A collection U of points in 
the space is open if and only if, given 
any point within U , there is a smaller 
disc centered at that point which is 
entirely contained within U, It is this 
definition which emphasizes that an 
open set has no boundary or edge. 
Evidently, if a set C had a boundary 
point, then no matter how small the 



Figure 12. Each of these examples of an open 
set is a union of several open circular discs in 
the plane. 


tered. This indicates that the exact 
values of distance are not really 
needed to describe continuity. What, 
then, is the minimal structure on a 
space really needed to define conti¬ 
nuity? 

That minimal structure depends on 
a notion of “open region.” The sim¬ 
plest such region is a circular disc 
without an edge, Thus, the disc D of 
radius 5 about the point p in a metric 
space consists of all the points q of 
distance less than 5 from p, giving D 
as the set of these q 

, . D * (all? |d(p,q)<5J 

This region is called a “circular disc” 
because if the metric space is the or¬ 
dinary plane, the region is exactly the 
interior of that disc (without the 
boundary); a more accurate term 
might be “open circular disc.” The 
same word is still used if the space is 
three-dimensional, 1 in which case a 
“circular disc” meaijs the interior of 
a spherical region with center p. 

Now let us define more general open 
sets. One is the union of two open 
discs—that is, the set of all points in 
either disc (or both discs). More gen¬ 
erally, any union U of circular discs in 
the metric space is called an “open 
set,” This means that U is obtained 
by taking any collection of such cir- 



disc about that point, it would jut 
outside C, beyond the boundary. 

It now turns out that the continuity of 
a function / from one metric space to 
another can be described wholly in 
terms of these open sets: / is contin¬ 
uous at every point if and only if, 
given any open set V in the second 
space, the set of all those points in the 
first space mapped by / into V is itself 
an open set. Specifically, this includes 
the.case when V is an open disc of 
radius e in the second space and thus 
does include (and coincide with) the 
previous definition of continuity. 

Once continuity is described in terms 
of open sets, we can describe what 
space itself means in terms just of 
those same open sets. We can verify in 
a metric space that if two sets If .and 
W are open then so is the set U A W, 
consisting of the points both in U and 
in W, This set is called the. "inter¬ 
section” of U and W. On the other 
hand, an open set was described as 
any union of open discs. Therefore, 
any union of such open sets is again 
open. In particular, the union U V W 
of two open sets U and W is open, as 
is the union U\ V U 2 v U$ ... of any 
list of open sets 

The use of open sets, which are qual¬ 
itative, instead of a quantitative dis¬ 


tance, is said to be a “topological" 
view of space. With this we are led to 
define space as any set of points in 
which we know which sets are open: A 
“topological” space X is a collection 
of points together with the selection 
of certain sets of these points to be 
called open, provided that 

1. The intersection of any two open 
sets is open; 

2. The union of any collection of open 
sets is open; 

3. The whole space Zand the empty 
set are open. 

This extraordinarily general notion of 
a topological space suffices to express 
continuity. It has dominated much of 
the study of geometry in the last sixty 
years. As with metric spaces, one can 
study special kinds of topological 
spaces and endeavor to describe the 
dimensions, the connectivity, and 
other qualitative properties of such 
spaces. The notion is clearly much 
more general than a metric space. It 
has in its way led to paradoxes, one 
being the Banach-Tarski paradox: A 
solid sphere can be cut apart into 
many smaller pieces which can then 
be reassembled so as to make a sphere 
of much lesser size! 

A differentiability structure on a to¬ 
pological space means the (suitable) 
specification of which functions are j 
differentiable. These structures have ! 
been extensively studied. Thus on the j 
(usual) 2-sphere S 2 the differentiable j 
functions can be those which are dif- f 
ferentiable, in the sense of calculus, as j 
functions of the standard two coor¬ 
dinates, latitude and longitude. 
Similarly, the 3-sphere S 3 has a : 
standard differentiable structure— 
and so on. For some time it was gen¬ 
erally supposed that there was only ; 
one way—namely, the standard : 
one—to describe differentiable [ 
functions on a sphere S n of any di- j 
mension n, Then in 1955 John Milnor [ 
(b. 1931) proved that there could be \ 
several intrinsically different differ- ■ 
entiable structures on the 7-dimen- : 
sionai sphere S 1 , which signalled the 
start of a whole new trend in differ- f: 
ential topology. 

Spaces without points 

For topological spaces described In 
terms of their open subsets, the point 
of view toward space is this: What is 
important is not the figures in space 
but the functions that can be defined 
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upon it. The continuous functions, as 
I have noted, can be defined just in 
terms of the open sets; for other 
studies in geometry, we may need 
other classes of functions, such as the 
smooth functions—those which can 
be repeatedly differentiated, as in 
calculus. They are necessary to define 
curvature of curves, surfaces, and 
other figures. For still other purposes 
we may need the "analytical” func¬ 
tions—those which can be expanded 
in convergent power series in the 
powers of a suitable independent 
variable. When such functions are 
used, the space has more structure 
than that given just by the open sets. 
In fact, this suggests a mathematical 
problem not yet solved: Continuity is 
defined in terms only of subsets of the 
space; could differentiability or ana- 
lyticity of functions be defined just in 
terms of suitably chosen subsets of 
the space? 

This emphasis upon use of functions 
and differing classes of functions 
gradually has suggested to mathe¬ 
maticians a drastic step: Why not 
forget the points of the space alto¬ 
gether and work just with the func¬ 
tions, thus obtaining a “space without 
points”? In all our earlier models, 
space was composed of points held 
together in some way to make the 
space continuous—for example, held 
together by triangles, by equations for 
the coordinates of points, by dis¬ 
tances between points, or by open sets 
consisting of points. How can there 
possibly be a space when there are not 
points within it? 

It turns out that there can be such 
spaces; they are called locales to 
suggest that they are made up of 
many “local” pieces. They are de¬ 
scribed by discarding the points but 
keeping the open sets and all their 
inclusion relations. On each open 
set—thought of as a thing in itself— 
we must also have all the good func¬ 
tions (for example, depending on the 
context, the continuous functions, the 
smooth functions, or the analytical 
functions) which can be defined on 
that set. Moreover, we must know 
exactly how. functions defined on 
different open sets fit together. On 
the one hand, this means that for each 
function on an open set we must be 
able to identify the restriction of that 
function to smaller open sets; on the, 
other hand, given pieces of functions 
on several small open sets, we must 


together to get a function on a bigger 
open set—the one which would he the 
union of the smaller open sets if these 
sets were composed only of points. 

Technically, this amounts to giving 
two pieces of data—identifying the 
open sets simply as “objects” having 
various inclusion relations and so 
forming a locale, and, for any given 
such locale, considering sets which are 
families of functions (the continuous 
functions for each object of the locale, 
the analytical ones for each object, 
and so on), This specification of such 
families is called a sheaf. It thereupon 
becomes relevant to consider for a 
given locale (that is for a space in this 
new sense) the totality of all such 
sheafs. 

We have now arrived at the most re¬ 
cent type of model for space—the lo¬ 
cale model, in which space is viewed 
just in terms of regions and their in¬ 
clusion relations (specifically their 
intersections and unions). As in pre¬ 
vious cases, this change in the view of 
space has led to various controversies, 
the most striking of which has to do 
with the very foundations of mathe¬ 
matics. 

With the rise of the "new math” 
twenty years ago, there was popular 
emphasis on the idea that everything 
in mathematics (space, numbers, 
calculations, etc.) could be strictly 
reduced to sets, and the notion of a set 
was taught from kindergarten on up. 
Now the idea has appeared that set 
theory can be replaced by sheaf 
theory: The fundamental object of 
mathematics is not a set composed of 
elements but a sheaf of functions on 
some nonspecified space or locale. 
This proposes a foundation of math¬ 
ematics with a geometric flavor re¬ 
placing the usual analytical one.This 
approach is not yet free of contro- 
versy. Its proponents have claimed 
that set theory is obsolete, whereas 
the classical logicians still claim that 
everything is and ought to be defined 
by sets. 

Typology of space 

This brief survey of the variety of 
ways of modeling space by mathe¬ 
matical constructs brings us up to the 
present day. The Euclidean view, 
which held that space is best studied 
by the figures within it, gave way to 

the Cartesian view that it is best ma¬ 
nipulated (note the shift in the type 


of understanding) by means of coor¬ 
dinates and equations, Then the at¬ 
tention to axiomatic approaches re¬ 
vealed that the parallel axiom was 
neither evident nor necessary, making 
room for different models of space. 
With this, the ideas shift from math¬ 
ematics as a description of our unique 
universe to a description of various 
possible universes by way of the ax¬ 
ioms they all satisfy. 

Continuing from the Cartesian view, 
it was found that the algebra and the 
vector algebra of three dimensions 
could expand to any finite number of 
dimensions and then to suitable in¬ 
finite-dimensional spaces. Especially 
for these infinite-dimensional spaces 
(and lor the curved space-time of 
relativity), it proved to lie possible to 
reduce all space manipulations to 
manipulations of distance. Viewed 

consequentially, distance turned out 
to be there only to describe continui¬ 
ty. and this led to still more qualita¬ 
tive topological spaces (often full of 
holes) described simply in terms of 
the open sets. In the latest interpre¬ 
tation of space, even the points con¬ 
stituting the open sets have disap¬ 
peared. The catalogue is not com¬ 
plete. For example, the current geo¬ 
metric aspects of physics use “gauge 
theories,” in which the underlying 
space (like space-time) is Euclidean, 
while over each point stands the 
space of local events changed by a 
“gauge.” 

Each of these concepts of space has 
given rise to troubles and para¬ 
doxes—for example, the irrationals 
from the Pythagorean theorem and 
the shock of non-Euclidean geometry. 

In each case the paradoxes have been 
overcome, We can imagine that the 
future will see still other images of 
space when the basic geometric in¬ 
stitutions are reformulated by in¬ 
sights not yet apparent, 
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uif Lagerkvist Codon Misreading: A Restriction 

Operative in the Evolution of the 
Genetic Code 

A new feature that might apply to the evolution of 
the genetic code is discussed in the context of 
existing theories 


The evolution of the genetic code 
quickly became the subject of more or 
less speculative hypotheses as soon as 
it was evident that amino acids were 
coded for by combinations of nucle¬ 
otides in DNA. How did the code 
evolve from a primitive stage to its 
present organization and what re¬ 
strictions were operative in this evo¬ 
lutionary selection? It is not possible 
to present here a comprehensive in¬ 
ventory of all the theories that have 
dealt with this problem (see Woese 
1967 for a discussion in depth and 
Jukes 1978 for a recent review). The 
scope of the presentation in this 
paper must be more limited, and I will 
only use certain aspects of this vast 
material as a background for discus¬ 
sion of a principle for the distribution 
of codons that has so far not received 
much attention, 

The present code and 
codon reading 

The genetic code, as we know it today, 
is a highly degenerate code made up 
of 64 three-letter codons in which four 
nucleotides—containing the bases 
uracil (U), cytosine (C), adenine (A), 
and guanine (G), respectively—are 
used, The word degenerate refers to 
the fact that all amino acids, with the 


Ulf Lagerkvist is Professor, and Chairman of 
the Department of Medical Biochemistry at 
Gothenburg University, Gothenburg, Sweden, 
He received his doctorate in 1953 at the 
Karolinska Institute and moved toGothen- 
burg in 1959, His main research interests 
concern the role of transfer RNA in the 
translation of genetic information in the cell 
and tke fidelity of the translational process, 
Address: Department of Medical Biochemis¬ 
try, Gothenburg University, 400 33 Gothen¬ 
burg, Sweden. 


exception of methionine and trypto¬ 
phan, have more than one codon 
(some have as many as six), In Figure 
1 the codons have been divided into 
groups of four: in each group the first 
two positions are the same for all four 
codons, and the third position can be 
occupied by any of the nucleotides U, 
C,A,andG, When all four codons in 
such a group code for the same amino 
acid, the group is referred to as a 
codon family. Note that half of the 
codons belong to such families. 

Three codons (UAA, UAG, and UGA) 
do not code for amino acids. Instead 
they function as stop signals signify¬ 
ing that the genetic message is over. 
One codon (AUG) has a double 
function: it codes for the amino acid 
methionine, but in certain positions 
it also indicates the beginning of a 
genetic message. The message reaches 
the cell organelles responsible for 
protein synthesis, the ribosomes, in 
the form of an RNA molecule, the 
messenger RNA (mRNA). Figure 2 
shows the beginning of the genetic 
message in a messenger RNA with the 
corresponding peptide sequence 
synthesized on the ribosome in re¬ 
sponse to the message. It also includes 
part of a so-called leader sequence, an 
untranslated run of nucleotides that 
precedes the initiator AUG and may 
be involved in the proper positioning 
of the messenger on the ribosome. 

The codons in the genetic message are 
recognized not by the amino acids 
themselves but by certain adaptors: 
small RNA molecules called transfer 
RNA (tRNA) with rather unusual 
structural properties. The polynu¬ 
cleotide chain in these molecules is 
folded into a very compact, almost 
proteinlike structure (Fig. 3), and at 
the so-called 3'-end of the tRNA the 
cognate amino acid can be esterified 


by a highly specific enzyme that 
matches adaptor to amino acid. The 
strict specificity of these enzymes for 
both the amino acid and the tRNA 
ensures that each amino acid is pro¬ 
vided with the correct adaptor, which 
will determine its place in the peptide j 
sequence that will be synthesized on 
.the ribosome in response to the ge¬ 
netic message. j 

The structural feature of tRNA that | 
enables it to recognize the codon is j 
called the anticodon. It is made up of | 
a sequence of three nucleotides that | 
are complementary to the codon nu- ; 
cleotides, i.e. the anticodon nucleo- \ 
tides can form specific hydrogen- j 
bonded base pairs with their opposite 
numbers on the codon. Note that ? 
codon and anticodon, when they [■ 
combine, have opposite polarity. The \ 
notion of polarity in a nucleotide se- 1 
quence has reference to the fact that f 
any such sequence, when it exists in J 
an open form, can be perceived as I 
having two different ends, a 3'-end I 
and a 5'-end. (The nucleotides in a I 
sequence are always numbered from p 
the 5'-end.) Opposite polarity in a i 
base-paired structure means that the 
3 y -end of one sequence, of the codon, r 
say, corresponds to the 5'-end of the [7 
other sequence, in this case the anti- [;'■ 
codon (Fig. 4). I 

r 

The nucleotide at the 5'-end of the • 
anticodon—the “wobble” nucleo- 1 
tide—has special properties in both f 
its structure and its role in the trans¬ 
lation of the genetic message. The ? 
term wobble refers to a greater degree f 
of steric freedom for the nucleotide in f 
the wobble position, which can j: 
therefore make interactions with the \ 
third codon nucleotide by establish- | ; 
ing hydrogen bonds that are not pos- V. 
sible in other positions of the antico- r 
don. Although the second and third I 
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positions of the anticodon (the wob¬ 
ble position is number 1) usually 
contain unmodified regular nucleo¬ 
tides (U, C, A, or G), the wobble po¬ 
sition very often contains a modified 
version of any of the regular nucleo¬ 
tides. It is particularly noteworthy 
that A is never found in the wobble 
position, which instead contains I, 
derived from A by deamination. Be¬ 
cause of the opposite polarity in 
codon-anticodon interaction, the 
wobble nucleotide reads the nucleo¬ 
tide in the third position of the codon, 
while the first and second nucleotides 
of the codon are read by the third and 
second anticodon nucleotides re¬ 
spectively (Fig. 4). 

A high fidelity in the translational 
process requires in general that the 
first two nucleotides in the codon are 
read by the anticodon strictly ac¬ 
cording to the rules of Watson-Crick 
base-pairing—i.e. A pairs with U, and 
G pairs with C. On the other hand, 
the reading of the third codon posi¬ 
tion by the wobble nucleotide of the 
anticodon should have a greater de¬ 
gree of freedom in order to explain 
the discrepancy between the large 
number of codons in a degenerate 
code and the limited number of anti¬ 
codons available to read them. Nev¬ 
ertheless, the reading of the third 
codon nucleotide must clearly be 
subject to certain restrictions in order 
to ensure translational fidelity. 

These restrictions have been sum¬ 
marized by Crick (1966) in his well- 
known wobble hypothesis: U in the 
wobble position of the anticodon can 
recognize A in the third codon posi¬ 
tion by Watson-Crick base-pairing 
and G by so-called wobbling, but it 
cannot recognize U and C; C recog¬ 
nizes only G and does not wobble; I 
(used instead of A in the wobble po¬ 
sition) base-pairs with C according to 
the Watson-Crick rules and recog¬ 
nizes both U and A by wobbling but 
does not recognize G; and G recog¬ 
nizes C by Watson-Crick base-pairing 
and U by wobbling but does not rec¬ 
ognize A and G (see Table 1). This set 
of rules represents what may be called 
the classic concept of codon 
reading. 

The chicken or the egg 

A discussion of the assignment of co¬ 
dons to amino acids in the primitive 
code presupposes the existence of 
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Figure 1. The genetic code consists of 64 3- 
letter codons composed of 4 nucleotides. Nu¬ 
cleotides in the first two positions that make 
three hydrogen bonds with the corresponding 
nucleotide in the anticodon are in colored type; 


genetic information that could in 
principle be translated, once the ma¬ 
chinery for this was at hand, into a 
genetically determined polypeptide 
sequence. In the cell today the genetic 
message/codified in nucleic acids, is 
translated by a complicated ma¬ 
chinery that requires the action of 
very sophisticated and highly specific 
enzymes. It is therefore easy to see 
that the old riddle, Which came first, 
the chicken or the egg? applies to the 
evolution of the genetic apparatus, In 
other words, is the development of 
some primitive proteins a prerequi¬ 
site for the advent of nucleic acids, or 
could we, alternatively, conceive of a 
very early genetic machinery made up 
entirely of nucleic acids? 

This problem has been discussed in 
considerable detail by Orgel (1968), 
who has arrived at some tentative but 
very interesting conclusions. Let us 
first consider a primitive life without 
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codon families are in shaded boxes, "Stacking” 
indicates a geometry in the reading anticodon 
characterized by overlap between the bases in 
the second and third position of the anti¬ 
codon. 


nucleic acids based on the formation 
of amino acids in the prebiotic atmo¬ 
sphere and their polymerization into 
polypeptides in the primitive soup, 
Synthesis of amino acids from mix¬ 
tures of simple gases can be readily 
demonstrated in the laboratory in 
experiments that simulate the con¬ 
ditions of the prebiotic period on 
earth, On the other hand, it has 
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proved much more difficult to form 
nucleotides, the building blocks of 
nucleic acids, under similar condi¬ 
tions. This observation would argue 
for the possibility of primitive life 
based on proteins alone. However, 
even the most primitive form of life 
would require some means of repli¬ 
cating these putative proteins with 
some degree of faithfulness, since 
without this ability there can be no 
perpetuation of living organisms and 
no evolution. This is, in fact, the main 


his co-workers (1976), They envisage 
an aboriginal translational machinery 
without even a ribosome, consisting 
only of mRNA and primitive tRNA 
molecules. This scheme presupposes 
a nonenzymatic attachment of the 
amino acid to the tRNA, which would 
be endowed with some kind of speci¬ 
ficity enabling it to select between the 
amino acids. To make up for the ab¬ 
sence of a ribosome, which could sta¬ 
bilize the codon-anticodon interac¬ 
tion, the tRNA anticodon loop is 


related to each other often code for 
the same amino acid. This is the case 
for the family codons, which make up 
half the code. In addition, codon pairs 
that differ only in their last nucleo¬ 
tide usually code for the same amino 
acid: AAU and AAC code for aspara¬ 
gine, AAA and AAG code for lysine, 
etc. To account for this phenomenon 
Sonneborn (1965) proposed his le¬ 
thal-mutation theory, which is based 
on the fact that mutations tend to be 
deleterious or at best neutral events 



Figure 2. In this mRNA, AUG signifies the The nucleotides in front of AUG are part of a 
beginning of a genetic message. The corre- “leader sequence,” an untranslated run of nu- 
sponding peptide sequence for which the cleotides that may he involved in positioning 
mRNA codes is shown below the nucleotides, the mRNA on the ribosome. 


problem with life based on proteins 
alone. It is almost impossible to con¬ 
ceive of any reasonably faithful rep¬ 
lication scheme that could work in the 
absence of an information-containing 
macromolecule acting as a blueprint 
in much the same way that nucleic 
acids do today. 

We must now consider the other al¬ 
ternative: an information-containing 
nucleic acid must have evolved before 
proteins complex enough to act as 
specific biological catalysts could be 
formed. The difficulties with this 
model are obvious. We have already 
pointed out that, it has proved diffi¬ 
cult, to synthesize nucleotides in 
“prebiotic” experiments. This need 
not worry us unduly since it is almost 
impossible to draw definite conclu¬ 
sions from negative experiments of 
this kind. However, the hypothetical 
translational machinery, which 
should operate without protein com¬ 
ponents, presents a much more seri¬ 
ous obstacle. Bear in mind that 
translation in the cell today requires 
not only a number of very sophisti¬ 
cated enyzmes but also the ribosome, 
which is to a large extent made up of 
protein. Several models that attempt 
to deal with this problem have been 
proposed. 

Perhaps the most radical model is the 
one recently put forward by Crick and 


supposed to make five base pairs with 
the messenger instead of three. When 
the growing peptide chain has been 
transferred from its tRNA to the in¬ 
coming tRNA carrying the next 
amino acid to be added to the pep¬ 
tide, the “empty” tRNA undergoes a 
conformational change that reduces 
the number of possible interactions 
with the mRNA from five to three. As 
a consequence, the tRNA falls off and 
the procedure can repeat itself. 
Eventually, once a mechanism like 
this has led to the formation of poly¬ 
peptides of sufficient complexity, it 
can perfect itself by the incorporation 
of protein molecules into the system, 
for instance by the formation of a 
primitive ribosome. 

Now that we have a general picture of 
the structural elements of the abori¬ 
ginal genetic apparatus, we can con¬ 
sider some of the theories that have 
been proposed to account for the ev¬ 
olution of the code. 

Current theories 

A striking feature of the present ge¬ 
netic code is that almost all the amino 
acids are coded for by more than one 
codon—i.e. the code has almost 
complete degeneracy. Sixty-one of 
the 64 possible codons do actually 
code for amino acids, and, further¬ 
more, codons that are structurally 


for the cell. Any reduction in the 
number of mutations would therefore 
be a selective advantage to the cell. 

Mutations could be reduced by ar¬ 
ranging the code in such a way that a 
base-substitution mutation in a 
codon would have a minimum chance 
of manifesting itself as an amino acid 
replacement in the protein corre¬ 
sponding to the gene where the 
mutation had taken place. A muta¬ 
tion in the third position of a family 
codon would, for instance, have no 
effect on the protein at all. Further¬ 
more, the effect of a mutation would : 
be minimized if codons that could be 
changed into each other by one 
base-substitution tended to code, if 
not for the same amino acid, at least 
for structurally related amino acids. 
The substitution of one amino acid 
for another would then have a smaller 
chance of causing a serious change in 
the properties of the mutated protein. 
Te a first approximation, the struc¬ 
ture of the present code comes very 
close to that predicted by the lethal- 
mutation theory. 

Serious objections have, nevertheless,' 
been raised against this theory, for 
example, by Woese (1967), The se¬ 
lective advantage conferred oh the 
cell by this scheme would be very low, 
and particularly so in a cell with a 
primitive and presumably very 
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error-ridden genetic apparatus. In 
fact, an improvement of the transla¬ 
tional machinery to give it higher fi¬ 
delity would be immeasurably more 
beneficial to the primitive cell than a 
reduction of the burden of deleterious 
mutations. Furthermore, Woese has 
pointed out that it is difficult to see 
how, on the basis of the Sonneborn 
principle, the code could have per¬ 
fected itself or, for that matter, how 
any codon assignment could have 
become altered at all. 


cabulary expansion, and it is also ob¬ 
vious that at some stage of evolution 
the code became frozen, in the sense 
that today we cannot expect any fur¬ 
ther evolutionary changes in its 
structure. At what time the code be¬ 
came frozen is, however, entirely a 
matter of conjecture. On the other 
hand, it seems to me that at least in 
its most radical version, the frozen- 
accident hypothesis puts the cart 
before the horse, It is hard to believe 
that the distribution of codons within 


consequently also very error prone. In 
fact, the primitive cell must have 
translated a genetic message into a 
group of more or less closely related 
proteins instead of one unique, ge¬ 
netically determined structure, This 
being the case, it had small hope of 
ever making the kind of well-defined 
proteins that would have enabled it to 
perfect its translational machinery, 
The translation-error theory at this 
point runs into the apparent paradox 
that in order to improve its transla- 


The vocabulary-expansion theory, 
originally proposed by Crick (1968), 
points out that the primitive code 
probably coded for only a relatively 
small number of amino acids com¬ 
pared to the assortment of twenty 
used in proteins today. On the other 
hand, since “empty” codons are likely 
to function as stop words, the primi¬ 
tive code would have had to be highly 
degenerate if peptides of any length 
were to be synthesized. In this re¬ 
spect, at least, it would resemble the 
modern code. 

In Crick’s theory these basic concepts 
are coupled with the idea of the code 
as a “frozen accident”—-i.e. the 
structural characteristics of the code 
as it exists today are not necessarily 
the result of a selective process that 
aimed at a maximum of fidelity and 
efficiency in the storage and retrieval 
of genetic information in the cell. 
Rather, the present organization of 

the code could be an accident caused 

by the presence at an early stage of 
evolution of primitive adaptor mole¬ 
cules that fortuitously determined 
codon assignments for the amino 
acids (Eigen 1971). When a certain 
level of sophistication and efficiency 
in information storage and transfer 
had been reached during evolution, 
the code became permanent because 
any mutation leading to a change in 
its organization would have been 
strongly selected against. In its most 
extreme form (Jukes 1978), the fro¬ 
zen-accident hypothesis rejects an 
evolution of the code toward the best 
assortment of amino acids and codons 
for supporting life, on the grounds 
that this concept seems too much like 
predestination, Instead it is suggested 
that “living organisms have evolved 
in a manner that took advantage of 
the composition of the genetic code, 
just as an individual species will ad¬ 
just to an ecological niche.” 

It is easy to accept the idea of a vo- 
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the code is an accident and that its 
structural characteristics are fortui¬ 
tous and have no functional meaning, 
This idea has also been criticized on 
the grounds that the primitive 
translational apparatus it envisages 
would have been unstable and should 
quickly have led to an error catas¬ 
trophe (Hoffmann 1974), 
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A basic element of yet another 
theory—the translation-error theory 
proposed by Woese .(1967)—ia the 
assumption that the translational 
machinery of the primitive cell must 
have been simple and imperfect 

compared to that of cells today and 


Figure 4. The top line represents a sequence of 
nucleotides in mRNA; the numbered nucleo¬ 
tides are in the codon that pairs with the 
numbered sequence of nucleotides in the an¬ 
ticodon of the appropriate tRNA, ns shown in 
the second line, Because of opposite polarity 
the first and second nucleotides of the codon 
are '‘read" (through hydrogen bonding) by the 
third and second nucleotides, respectively, of 
the anticodon, while the third is read by 
the first (wobble) anticodon nucleotide. 
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tional machinery the evolving cell heterocyclic-base solvent system 
must first be able to translate more (Woese et al. 1966), but it is at best 
accurately. suggestive and cannot be taken as real 

experimental proof. Nevertheless, the 
This paradox had a solution, however, codon-amino acid affinity theory re- 
if, by rearranging the codon assign- mains an intriguing possibility that 


ments, it were possible for the cell to cannot be easily dismissed. It should 
lower the effective error rate, For in- perhaps be pointed out as an attrac- 
stance, it is likely that not all amino tive feature of this theory that it very 
acids were equally important to the nicely solves some of the problems 
cell. Assuming that some codons were with a genetic apparatus based en¬ 
core error prone than others, it tirely on nucleic acids, 
would be an advantage if unimpor¬ 
tant amino acids were assigned to Codon'misreading and 
error-prone codons, while the codons translational error 
capable ot a more exact translation 

were reserved for the important In considering the classic concept of 
amino acids. Likewise, codons that codon reading we have seen that the 
were easily mistaken for each other by rules of the game allow considerably 
the translational machinery should be more scope in the reading of the third 
assigned to structurally related amino codon nucleotide. A misreading of the 
acids so as to minimize the harmful first two codon nucleotides will al- 
effects of a mistake. Eventually, the most without exception result in a 
effective error frequency could be mistake in the synthesized protein, 


brought down to a level that,permit¬ 
ted the synthesis of proteins, suffi¬ 
ciently well defined to be able to im¬ 
prove the translational machinery. 


while in the reading of the third nu¬ 
cleotide there is no such absolute 
connection between misreading and 
translational error. Thus, in a codon 


Once an improved translation had family It makes no difference in terms 
been achieved, the cell would have an of translational fidelity how the third 
enormous selective advantage over codon position is read, since the first 
any competitor with a less advanced two nucleotides.are enough to specify 
translational machinery. the amino acid. A relatively high 

misreading frequency can therefore 
All the theories so far discussed have be tolerated in the reading of the 


the common weakness that they do 
not, really explain why, in the . very 


third position of family codons, On 
the other hand, a translational 


primitive code, some codons were mechanism that permitted such 
assigned to one particular amino acid misreading of nonfamily codons 
and not to another. The codon-amino would have been very effectively se- 
acid affinity theory (Woese 1967} lected against during the develop- 


solves this problem by simply as-, ment of the code and its reading ap- 
suming that a certain affinity existed paratus, 
between an amino acid and some of 

the codons in the, primitive code arid The possibility of misreading a 
that this determined which codons three-letter codon by reading only the 
came to be assigned to that amino first two nucleotides and disregarding 
acid. This idea is compatible with the the third-position nucleotide may be 
observation that all amino acids with considered, an intrinsic property of 
hydrophobic side chains have codons the present genetic code. The other 
wuh U m the middle, U being a fairly possible variations on this general 
hydrophobic base, On the other hand, theme—for instance, reading posi- 
the amino acidserine is coded for by tions two and three of the codon and 
^ ttpp 1 ^ amil y UCU, UCC, UCA, neglecting position one—will not be 
Sr j foJ 6 ' 1 aS cocion pair considered here except to say that the 
ALU and AGC, although there is very very low error frequency in vivo 
ittle structural resemblance between proves that such misreadings are ef- 
tne codons in the family and in the fectively suppressed in the cell. 


the codons in the family and in the 

codon pair. However, the read ing of a codon by an 

mi anticodon that cannot, according to 

I e leal stumbling block is, of course, the wobble rules, make a stable base 
that it has so far not been possible to pair with the third codon nucleo- 
provide experimental evidence of an tide—referred to as misreading by 
affinity between an amino acid and its “two out of three”—will have no ad- 
present-day codons. There is some verse effects on translational fidelity 
evidence from partition data using a in any codon family. 
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i To obtain evidence of this type of | 
t misreading we have studied codon- ! 
1 anticodon recognition during protein J 
synthesis in vitro using a system from j 
E. coli programmed with a viral ! 
message. The results showed that the j 
alanine and valine family codons [ 
could easily be misread by “two out of t 
three” in the absence of any compet- \ 
ing tRNA—i.e. when the tRNA being J 
tested was the only source of the f 
amino acid for protein synthesis | 
(Mitra et al. 1977; Samuelsson et al. r 
1979), On the other hand, as might be I 
expected, when two tRNAs with dif- \ 
ferent anticodons competed for the 
same codon, the anticodon able to 
read the codon according to the clas¬ 
sic codon reading scheme was, in the [ 
typical case, an order of magnitude I 
more efficient than the misreading I 
anticodon, which read only the first \ 
two positions of the codon (Mitra et | 
al. 1979). It should, perhaps, be I 
pointed out that even if there was 
considerable quenching of “two out of [ 
three” misreading in the presence of l 
a competing tRNA able to read the f 
whole codon, the misreading fre- |, v 
quency observed (approximately one i 
in ten) under conditions of competi¬ 
tion is, nevertheless, very high com- 
pared to the actual translational error ■ 
frequency in the in vitro system. 

When we attempted to demonstrate 
misreading of the nonfamily codons 
for lysine and glutamine, we could not 
detect any misreading of the lysine 
codons in our system (Elias et al. i 
1979), and, at least under conditions ; 
of competition, the glutamine codons t 
were considerably more difficult to j : 
misread than the valine codons (Elias I 
et al. 1979 and unpubl. experi- ■ 
ments), 

Our results have established beyond f;i 
doubt that misreading by “two out of if. 
three” can take place with a relatively [' 
high frequency during protein syn- 
thesis in vitro. They also demonstrate : 
that there is a preferential misreading 7 
of family codons where such mis¬ 
reading could not lead to translational 
errors. Two questions immediately '/ 
come to mind: Do these conclusions \ 
apply also in vivo? and What is the l 
molecular basis for the preferential v 
misreading by “two out of three” of L 
family codons? In this context it is ! 
also appropriate to ask if an unusually j 
effective “two out of three” misread- 1.7 
ing, stabilized by some structural L; 
feature of the tRNA, could not in l ■. 
certain instances be a selective ad- ft 


vantage for the cell. A case in point 
here might be the mitochondrion, 
where a discrepancy seems to exist 
between the number of tRNAs theo¬ 
retically required by the wobble rules 
and the actual number of tRNA genes 
found in the mitochondrial DNA 
(Aujame and Freeman 1979). On the 
other hand, we are not implying that 
“two out of three” misreading need 
necessarily be a frequent event in 
order to be of biological significance. 
From this point of view, it is enough 
if it occurs in the reading of at least 
some codons with a frequency that is 
greater than the error frequency in 
protein synthesis in vivo. 

An obvious approach to this problem 
was to examine the code itself to see 
if the arrangement of the codons re¬ 
vealed any basic principle that might 
bear on the questions asked. In doipg 
so we proceeded on two assumptions: 
(1) The probability of misreading a 
codon by “two out of three” must be 
a function of the strength of the in¬ 
teraction between the anticodon and 
the first two codon nucleotides. (2) In 
codon-anticodon recognition, aq in¬ 
teraction of the G*C type, involving 
three hydrogen bonds, is stronger 
than an A-U interaction with only two 
bonds. In this way codons may be di¬ 
vided into three categories—those 
that make only strong (G-C type) in¬ 
teractions between their first two 
nucleotides and the reading antico¬ 
don, those that make one strong and 
one weak interaction, and those that 
make only weak (A-U type) interac- 
tions. We will refer to these three 
categories as “strong,” “mixed," and 
“weak" codons. 


cessity of preventing translational 
errors resulting from “two out of 
three” misreading had been an im¬ 
portant consideration in the selection 
of the genetic code. 

This explanation leaves the mixed 
codons unaccounted for. it was noted, 
however, that the distribution of the 
mixed codons with respect to the 
codon families is not random. In the 
left half of the codon square in Figure 
1, all mixed codons appear in families, 
f while in the right half they are all 
outside the families. This nonrandom 
distribution suggested the possibility 
that interactions between the first 
two positions of the mixed codons and 
their anticodons are stronger in the 
left half of the codon souare than in 
the right half. It would then follow 
that mixed codons in the left half 
stand a greater risk of being misread, 
by “two out of three" than mixed co¬ 
dons in the right half, which would 
explain why in the left half all such 
codons are confined to the families. 
This idea was reinforced by the find¬ 
ing that in the in vitro system the 
valine codons were considerably eas¬ 
ier to misread by ‘‘two out of three" 
than the glutamine codons, ftoth va¬ 
line and glutamine have mixed co¬ 
dons, the difference being that the 
valine codons are situated in the left 
half of the square while the glutamine 
codons belong to the right half, 


stacking along the same strand is 
obtained lor the sequences purine- 
pyrimidine and purine-purine, the 
former sequence giving somewhat 
better stacking than the latter. The 
sequences pyrimidine-purine and 
pyrimidine-pyrimidine, on the other 
hand, show negligible stacking. Pro¬ 
vided that these principles apply also 
i;o the anticodon in its interaction 
with the codon, we can predict, the 
degree of stacking between its second 
and third nucleotide. In this way, 
anticodons may he divided into two 
classes. The first, which has consid¬ 
erable stacking between these nucle¬ 
otides, is made up of anticodons with 

a purine in position 2 followed by a 
pyrimidine in position ,1 or, alterna¬ 
tively, with purines in both these po¬ 
sitions. The second chp, which has 
either a pyrimidine in position 2 and 
a purine in position f) or pyrimidines 
in both these positions, shows negli¬ 
gible stacking, 


From the assumptions above, it fol¬ 
lows that strong codons would hqve a 
maximal probability of being misread 
by “two out of three,” whereas the 
weak codons would represent a min¬ 
imal probability. This prediction is 
supported by our experimental re¬ 
sults with the protein synthesis sys¬ 
tem in vitro. The strong alanine co¬ 
dons were easily misread by “two out 
of three,” while there was no such 
misreading of the weak lysine codons. 
Examination of the genetic code for 
the distribution of the three codon 
categories (see Fig. 1) immediately 
revealed that strong codoqs were 
without exception restricted to the 
codon families, while the weak codons 
were always outside the families 
(Lagerkvist 1978). This is exactly'the 
distribution to be expected if the ne- 


Although the difference in misreading 
probability between the mixed co¬ 
dons in the right and left halves of the 
codon square cannot be rat ionalized 
on the basis of the relative strengths 
of base-pairing interactions, t he ge¬ 
ometry of the second and third nu¬ 
cleotides ot the reading anticodons 
(the wobble nucleotide is number J) 
may provide an explanation. Rich and 
colleagues (1977) have recently made 
a thorough study of the factors that 
influence the degree of overlap be¬ 
tween bases in an RNA double helix. 
I ( or convenience we will refer to the 
geometry characterized by overlap 
between bases as Mini, although 
it is important to emphasize that the 
geometry—i.e. the degree oi over- 
lap—us not the only parameter that 
determines the energetics of 
stacking. 

The results with the RNA double 
hehxmdicate that not only the nature 
of the bases involved but also their 
sequence is important for the degree 
of stacking obtained. The best 


Examination of the genetic code re¬ 
veals that all the codons in the left 
half of the codon square correspond 
to anticodons with considerable 
stacking, while in the right half all 
codons are read by anticodons with no 
stacking. It is tempting to hypothe¬ 
size that this could have something to 
do with the finding that in vitro the 
mixed codons in the left half of the 
square have a greater probability of 
being misread by “two out of three" 
than the mixed codons in the right 
half. One could rationalize this idea in 
terms of the stabilization in a favor¬ 
able conformation of that part of the 
anticodon structure which must in¬ 
teract with the first two positions of 
the cocion, This interaction might be 
strengthened by extensive stacking 
between the corresponding anticodon 
nucleotides, thus facilitating a "two 

out of three” misreading. If this line 

ot reasoning applies also in vivo, it 
becomes understandable why in the 
left, half of the code the mixed codons 
are without exception restricted to 
families, while in the right half they 
are always outside (Lagerkvist 
197BL 

Fo summarize, it is possible to relate 
“two out ot three" misreading, dem¬ 
onstrated during protein synthesis in 
vitro, to certain structural features of 
the genetic code, A perusal of the code 
shows that half the codons belong to 
codon families. Furthermore, the co¬ 
dons can jie classified in terms of the 
number of hydrogen bonds formed in 
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the interaction between the first two 
codon nucleotides and the second and 
third anticodon nucleotides (A-U 
versus G-C). Finally, it is obvious that 
codons which make only “weak” 
(A-U) interactions, as well as codons 
which make only “strong” (G-C) in¬ 
teractions in these positions, show a 
completely nonrandom distribution 
with respect to the codon families. 
The same is true of the “mixed” co¬ 
dons, which make one A-U and one 
G-C interaction, in the sense that in 
the left half of the codon square they 
are always found inside families, 
while in the right half they are always 
outside (Fig. 1), 

The possibility that this marked 
nonrandomness in the distribution of 
the three, codon categories is fortui¬ 
tous can be disregarded , and we may 
therefore conclude that it must be the 
result of a selective process, Thus, we 
suggest that the significance of the 
nonrandom distribution with respect 
to the codon families of codons with 
different hydrogen-bonding charac¬ 
teristics is best understood in terms 
of an evolutionary process that se¬ 
lected for a code which minimized the 
probability that misreadings by “two 
out of three” would cause transla¬ 
tional errors, 

Evolution of translational 
fidelity 

It now becomes important to consider 
. how the principles we have proposed 
as governing the probability of “two 
out of three” misreading could have 
influenced the evolution of the ge¬ 
netic code, We will assume that at 
some stage of its evolution the code 
had reached a degree of sophistication 
where four distinct bases were em¬ 
ployed to code for an assortment of 
amino acids more limited than that 

found in proteins today. However, the 

reading anticodons could not prop- , 
: erly distinguish among the nucleo- - 

tides occupying the third codon po¬ 
sition: although the code was struc- i 
turally a three-letter code, ii was op- i 
erationally a two-letter code in terms i, 
of the number of letters per codon j 
actually read, with, precision,' This | 
meant that all codons in the primitive j 
code belonged to codon families, so < 
that any group of four codons with s 
the same first two nucleotides always ! 
coded for the same amino acid. Set- 1 
ting aside one of the 16 families for \ 
the stop words, this leaves 15 amino i 
acids that could be unambiguously < 


) coded for. This is, however, a rnaxi- 
l mum figure, since in some instances 
1 an amino acid could have been coded 
for by more than one family of co¬ 
dons. 

At a more advanced stage of devel¬ 
opment the primitive cell would have 
perfected its translational machinery 
so that it could read the third codon 
nucleotide without ambiguity. Con¬ 
sequently, new amino acids could be 
accommodated in the code. It then 
became necessary to make a decision 
as to which codons should remain as 
family codons and which could safely 
be used outside the families, In other 
words, which groups of four codons 
could be divided up between two 
different amino acids without com¬ 
promising translational fidelity. At 
this time, the restrictions that pertain 
to the probability of misreading co¬ 
dons by “two out of three” would 
begin to assert themselves. As a result 
of this, codons with a high probability 
of being misread by “two out of three” 
would remain as family codons, and 
only those with a low probability 
would be used as nonfamily codons. 
Eventually, this process of selection 
would lead to the structural charac¬ 
teristics of the present code that we 
have commented on in the section 
above. 

This hypothesis is obviously not in¬ 
tended as a comprehensive theory of 
the evolution of the genetic code, as it 
addresses itself only to a limited as¬ 
pect of this process—i.e. the distri¬ 
bution of codons between family and 
nonfamily positions in the code. For 
example, it makes no predictions as to 
which codons should code for which 
amino acids. It ought therefore to be 
compatible with some of the general 
ideas of already existing theories, 


Consider, for instance, the following 
outlines of a unifying hypothesis. We 
will take the, vocabulary-expansion 
theory as our point of departure and 
suppose that the primitive code dealt 
only with a relatively small number of 
amino acids. This theory is also easy 
to reconcile with the idea that in the 
beginning all codons occurred in 
families. We need not take a definite 
stand on whether the first codon as¬ 
signments in the very primitive, code 
were essentially fortuitous, as Crick 
believes, or were at least to some ex¬ 
tent influenced by an affinity be¬ 
tween the amino acid and the selected 
codons, as Woese maintains. How¬ 


ever, we propose that the expansion j 
of the vocabulary must have been [. 
guided and controlled by the neces- | 
sity of minimizing translational er¬ 
rors. As already suggested, expansion 
of the coding properties of a codon ; 
family to include two amino acids 
instead of one should be limited to 
codons for which the probability of 
“two out of three” misreading is 
minimal. < 

Obviously, this last principle is only 
a variation on the general theme of 
minimizing translational error and 
ambiguity originally proposed by [ 
Woese. It is also likely that the ne- : 
cessity of avoiding translational errors 1 
caused by “two out of three” mis- r 
reading became effective as a selective {' 
principle only after a fairly advanced J 
genetic apparatus had evolved so that f: 
this kind of “fine tuning” of transla-1 
tional fidelity could become a distinct T 
selective advantage to the cell. t 
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| Beyond the Green 
l : Revolution 

I The Ecology and Politics of Global 

l Agricultural Development. Kenneth 

f - A ' Dahlberg. 256 pp, Plenum, 1979. 

j- $17.95. 

“Just as seeds may flourish in one clt- 
s mate and not in another, some ideas and 
innovations flourish more in some so¬ 
cieties, institutions and disciplines than 
others." This sentence from Kenneth 
Dahlberg’s challengingnew book should 
be memorized % all foundation and 
government officials planning technology 

transfer to less developed countries. Itseja 
the intellectual stage tor his analysis of the 
'‘browning” of the Green Revolution, 
Despite the high promise and enthusi¬ 
asm with which new high-yield varieties 
of grain crops were introduced in'devel- 
oping countries several decades ago, it is 
. fair to say that their beneficial effects 
have fallen far short of expectations, The 
shortfall was occasioned not so much by 
scientific inadequacy as by a failure to 
understand or to prepare adequately for 
local social constraints that limited 
technological progress. In the Philippines, 
m India, in Mexico, and in other countries 
to which the scientific planners of the 
Rockefeller and Ford foundations de¬ 
voted so much of their talent, energies, 
and money, it has become evident that as 
many farmers have suffered from the in- 
traduction of new varieties as have bene- , 
tited, While it is true that most of the new | 
varieties do extremely well when supplied i 
optimally with water and fertilizer,' they 1 
clo poorly, even less well than the old, I 
unimproved varieties when grown under < 
suboptimal positions. Thus the effect of < 
the new technology has often been to l 
make the rich richer and the poor poorer, t 
exacerbating already, painful social r 

stratifications, In some cases, this has 
meant a ^!- urn to square one and a new t 
m m planning how to use the ol’cjer va- a 
reties to help farmers grow crops on r 
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scratchy soil without optimal minerals or 
water, 

Dahlberg sees this not just as an iso¬ 
lated failure, but as part of the myopia 
engendered by an unquestioning belief in 
high technology and in the benefits of 
Western culture. He calls for the use of 
contextual analysis, a process involving an 
attempt to get closer to the full richness 
and complexity of real world situations 
and their historical background. Thus all 
general theories must be understood and 
applied in terms of the local environment, 
local values, and the local historical con 
texts. Such contextual analysis stresses 
continual exchange between values, the¬ 
ories, and context. This dialectical or 
feedback process can overcome some of 
the weaknesses of universal theories im¬ 
properly applied. 

Should the planners have anticipated 

these problems? Probably, since there are 

abundpt examples from the recent past, 
The transformation of Ireland, between 


1 illti and 184ft, from a grain-baHCil lit a 
potato-based agriculture, while permit¬ 
ting the jHjpuiiit ion to increase from about 
two to eight million, led to an undue de¬ 
pendence on a monoculture agriculture, 
which resulted in the mass starvation and 
emigration between .1845 anil 1841), when 
the potato blight struck. Similarly, in the 
lute 18th century, the well-intentioned 
introduction, by the British rulers in 
India, of irrigation canals and other public 
works, ied, as expected, to an increased 
Production of export crops, hut only at, the 
expense of millet and pulses, upon which 
most of the population depended for ad¬ 
equate nutrition, The transformatimi in 
agriculture also led to the spread of cor¬ 
ruption and abuse of power, since the 
British entrusted control of at least some 
canals to local rulers and landlords, in 
Africa, unfiimiliarity of Western agri¬ 
culturists with the fragility of tropical 
ecosystems and the basic principles of 
tropical agriculture led in many instances 
Lua deterioration of soil fertility and the 
decline of yields, These examples could be 
multiplied, 

This book, written by a social scientist 
about an essentially biological problem, 
is replete with insights needed liynny 
Western scientist involved in large-scab 
projects designed to improve the spite of 
mankind, Good intentions and money are 
not enough. There are many traps along 
the way, and only a full appreciation of 
the social constraints surrounding tech, 
nologictil progress can help us to avoid 
them.- -Arthur W. ttatdun, Biology, Yale 
University 

Exploring the Unknown 

Great Mysteries Reexamined. Charles 
J. Oazeau and Stuart f). Scull, Jr, 277 
PP. Plenum, 1979. $15.95, 

r Who ^ally settled North America 
brst and who "discovered” it for the 
Western world? Did ancient astronauts 
visit the earth? Do UFOs carry visitors 
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from outer space? When and how were 
the world’s great stone monuments built? 
How about the Bermuda Triangle, At¬ 
lantis, Bigfoot, “Nessie,” astrology, and 
Velikovsky’s catastrophism? This is ex¬ 
citing stuff capable of attracting a wide 
readership. 

Cazeau and Scott profess receptiveness 
to a wide variety of ideas and hypotheses 
and conclude most chapters on an upbeat 
note, leaving basic questions open for fu¬ 
ture resolution. However, in the intro¬ 
duction, they begin by planting the idea 
that much of the literature on these topics 
is "pseudoscientific” and set up a rigid 
model of what "scientific method” must 
be. From the start we have the bad guys 
versus the good guys. 

The authors present an intriguing list 
of how publications on these topics often 
abuse facts and logic, including innuendo, 
speculation, appeals to pity, ad hominem 
arguments,, appeals to authority, and 
hasty generalizations as well as factual 
errors and distortions. They then proceed 
to ignore their own warnings. Their bias 
against most of the unusual hypotheses is 
clear at the beginning of many chapters, 
Semantically loaded vocabulary pervades 
the book: “sensationalists pseudo¬ 
science,” “fanciful reconstructions pre¬ 
sented by mass-market journalism,” 
“explorations, if that is the proper term,” 
“outlandish manipulations of fact and 
imagination,” “outer space propagan¬ 
dists,” “melodramatic analysis.” While 
deploring appeals to authority, the au¬ 
thors make similar appeals. They demand 
detailed references allowing data to be 
checked but provide no such details in 
support of counterassertions, 

_ Occam’s Razor, the idea that the most 
likely explanation is best, attracts them. 
Yet many of the exciting hypotheses in 
science have at first offended the intu¬ 
ition. Some scientists choose Occam’s 
way: others don’t'. The authors maintain 
that “one of the oldest and noblest tradi¬ 
tions of science is its ability to be swayed 
by sufficiently reliable and conclusive 
evidence.” T. S. Kuhn and others have 
pointed out that scientific ideas'represent 
systems of belief no less than do mythol¬ 
ogy and religion. The history of science is 
replete with stories of the failure of even 
“reliable and conclusive evidence” to sway 
some scientists. 

While providing useful, generally 
readable, and intriguing summaries, Ca¬ 
zeau and Scott fail to present a balanced 
review of the topics. I had hoped they 
would set forth the evidence (all well- 
referenced), give their own analyses and 
conclusions in neutral language, and then 
invite readers to make their own choices, 
but the authors have not followed their 
own dictum that writers must provide, 
without selecting to their own advantage, 
evidence that is persuasive and convinc¬ 
ing of their belief. The hypotheses re¬ 
viewed deserve a serious hearing without 
condescension or prior ridicule, 


The need to expose fallacies reflects a 
stated conviction that these ideas are 
more than a minor inconvenience to 
“real” scientists. Do they indeed represent 
a threat to the credibility of some disci¬ 
plines and even to the funding of re¬ 
search? Ideas should succeed or fail on 
their own merits. “Frivolous" ideas may 
amuse us, but they pose no threat and 
may even contain useful germs of ideas for 
receptive minds. 

This is an important book: it reflects 
attitudes prevalent among many profes¬ 
sional scientists. I recommend it, along 
with the volumes it analyzes, both for the 
summaries it gives and as an example of 
how scientists can fall into their own 
traps. A more positive and disinterested 
approach would have made this a far 
better book .—William D. Romey, Geol¬ 
ogy and Geography , St. Lawrence Uni¬ 
versity 


The author’s romantic parallels are not 
necessarily formally incorrect. Looked at 
from sufficiently far away, abstractly or 
superficially, any two things really may j 
look alike. But they hide what makes ; 
Godel’s result truly exceptional: using a 
minimum of background to remove a 
blindspot of some of the most eminent 
mathematicians of this century.— G. 
Kreisel , Philosophy, Stanford Univer¬ 
sity 


TheUltimate 

Tax Shelter 



TED NICHOLAS 


Godel, Escher. Bach 

An Eternal Golden Braid. Douglas R, 

Hofstadter. 777 pp. Basic Books, 

1979. $18.50. 

"A metaphorical fugue on minds and 
machines in the spirit of Lewis Carroll," 
says the dustjacket, A system together 
with a selection of “central” features is a 
machine if their laws can be programmed 
on a digital computer (Turing machine). 
It is unlikely that all mechanical systems 
are machines—for example, n-body con¬ 
stellations of collision phenomena are 
counted as central. If, as in Boole’s Laws 
of Thought, propositional algebra is the 
center of mental activity (black boxes, 
giving answers), then mind is a machine. 
But if arithmetic is included, then, es¬ 
sentially according to Godel, those minds 
that can solve all (diophantine) problems, 
are not machines. We have not found such 
minds (nor computer programs which 
simulate actual sophisticated proof 
search). So there you are. 

In words occasionally like Lewis Gar- 
roll’s, but in ft more romantic spirit (Love 
Story?), the author plays on the intellec¬ 
tual emotions generated by our ignorance. 
But he also tells some entertaining stories 
about his heroes. Escher drew optical 
illusions popular among mathematicians. 
Fastidious readers will be repelled by the 
parallels between such unequal scientific 
achievements as discovering the details of 
self-replicating DNA and Godel’s use of 
self-reference, familiar from Cantor’s di¬ 
agonal argument: If, for n = 1,2,..., each 
s n is a sequence of integers s„(l), s n ( 2), 

..., and, for in = 1,2,,.. ,s(m ) = tjm) 

+ 1, then s ^ s n is proved by “self-refer¬ 
ence" (to s n : put m = n). Incidentally, 
Cantor’s set-theoretic scheme for relating 
symphonies and portraits (4-dimensional 
manifolds), by Beethoven and Rem¬ 
brandt, is described on p. 294 of Dauben’s 
biography (Harvard, 1979). 


Social Insects 

Vol, 1. Henry R. Hermann, ed. 437 pp. 

Academic Press, 1979. $36. 

How many books on the social insects 
in general does the world need in any one 
decade? One might have thought that 
after E. 0. Wilson’s superb Insect So¬ 
cieties (1971) another survey of social 
insects would not be necessary so soon. 
The Hermann book is not limited to re¬ 
cent advances, and it therefore exten¬ 
sively duplicates information in Wilson’s 
treatise. It does, however, bring theoreti¬ 
cal and factual information up to date. 
Because it is to be a three-volume work, it 
can go into more detail on some topics 
than did Wilson, and because it consists 
of a series of chapters by specialists, with 
Hermann acting as an obviously not very 
dictatorial editor, it presents in conve-. 
nient form an interesting diversity of 
views. 

Like most books consisting of essays 
written by geographically and intellect¬ 
ually disparate authors, this one contains 
chapters of widely differing quality and 
importance. Some are important reviews 
and syntheses, while others are pedestrian 
and contain significant errors. Some are 
on topics central to an understanding of i 
eusocial behavior—that is, behavior 
characterizing socially advanced colonies, f 
with division of labor according to | 
caste—while others are peripheral. The I 
chapters are like review articles with large I 
bibliographies, not like chapters in a I 
text. 

A major chapter on caste differentia-1 
tion and division of labor, by M. V. Brian, 
is an excellent review of caste differences 
(both behavioral and morphological) and 
their ontogenetic development and de¬ 
terminants. A remarkable feature of social 
insects is the independent origin of similar 
castes (differentiated in similar ways, 
their development probably often con¬ 
trolled by the same hormones) in different 
groups. A comparative section in this 
chapter would have helped to emphasize 
such points. Of course, the various social 
groups are quite different, and the need 
to treat them separately is also obvious. 
The author has brought together in an 
expert manner recent ideas and data on 
all the social groups. 

Two related chapters are “Origin and 


ax experts are now referring to a 
-small, privately owned corporation as 
“The Ultimate Tax Shelter.” This is 
especially true with the passage of the 
recent Revenue Act. This law makes 
most former tax shelters either ob¬ 
solete, or of little advantage. Invest¬ 
ments affected include real estate, oil 
and gas drilling, cattle feeding, movies, 
etc. These former tax shelters have lost 
their attractiveness. Aside from that, 
these tax shelters required a large invest¬ 
ment. Only a small segment of the pop¬ 
ulation could benefit from them. 

I’ve written a book showing how you 
can form your own corporation. I’ve 
taken all the mystery out of it. Thou¬ 
sands of people have already used the 
system for incorporation described in 
the book. I’ll describe how you may 
obtain it without risk and with a valu¬ 
able free bonus. 

A corporation can be formed by any¬ 
one at surprisingly low cpst. And the 
government encourages people to incor¬ 
porate, which is a little known fact. The 
government has recognized the impor¬ 
tant role of small business in our coun¬ 
try. Through favorable legislation incor¬ 
porating a small business, hobby, or 
: sideline is perfectly legal and ethical. 
There are numerous tax laws favorable 
to corporate owners. Some of them are 
remarkable in this age of ever-increasing 
taxation. Everyone of us needs all the 
tax shelter wc can get! 

Here are just a few of the advantages 
of having my book Qn incorporating. 
You can limit your personal liability. 
AH that is at stake is the money you 
have invested. This amount can be zero 
to a few hundred or even a few thou¬ 
sand dollars. Your home, furniture, car, 
savings, or other possessions are not at 
risk. You can raise capital and still keep 
control of your business. You can put 
aside up to 25% of your income tax free. 

If you desire, you may wish to set up a 
non-profit corporation or operate a cor¬ 
poration anonymously. You will save 
from $300 to $1,000 simply by using 
the handy tear-out forms included in the 
book. All the things you need: certifi¬ 
cate of incorporation, minutes, by-laws, 
^includingcomplete instructions. 

There are still other advantages. Your 
own corporation enables you to more 
easily maintain continuity and facilitate 
transfer of ownership. Tax free fringe 
benefits can be arranged. You can set up 
Your health and life insurance and other 
Programs for you and your family 
Wherein they are tax deductible. Another 
very important option available to you 
through incorporation is a medical reim¬ 


bursement plan (MRP), Under an MRP, 
all medical, dental, pharmaceutical ex¬ 
penses for you and your family can be¬ 
come tax deductible to the corporation. 
An unincorporated person must exclude 
the first 3% of family’s medical expenses 
from a personal tax return, For an indi¬ 
vidual earning $20,000 the first $600 
arc not deductible, 

Retirement plans, and pension and 
profit-sharing arrangements can be set 
up for you with far greater benefits than 
those available to self-employed indivi¬ 
duals. 

A word of caution. Incorporating 
may not be for you right now, However, 
my book will help you decide whether 
or not a corporation is for you now or 
m the future, I review all the advantages 
and disadvantages in depth, This choice 
is yours after learning all the options, If 
you do decide to incorporate, it can be 
done by mail quickly and within 48 
hours. You never have to leave the pri¬ 
vacy of your home. 

I’ll also reveal to you some startling 
facts. Why lawyers often charge substan¬ 
tial fees for incorporating when often 
they prefer not to, and why two-thirds 
of the New York and American Stock 
Exchange companies incorporate'in 
Delaware. 

You may wonder how others have 
successfully used the book. Not only 
a small unincorporated business, but 
enjoyable hobbies, part time businesses, 
and even existing jobs have been set up 
as full-fledged corporations, You don’t 
have to have a big business going to 
benefit, In fact, not many people realize 
some v^y important facts. There art- 
30 000 new businesses formed in the 
U.S. each and every month, 98% of 
them arc small businesses; often just one 
individual working from home, 

To gain all the advantages of incorpo¬ 
rating, it doesn’t matter where you live, 
your age, race or sex, All that counts is 
your ideas. If you arc looking for some 
new ideas, I believe my book will stimu¬ 
late you in that area, I do know many 
small businessmen, housewives, hobby¬ 
ists, engineers, and lawyers who have 
acted on the suggestions in my book. A 
woman who was my former secretary is 

Sff ted , She I s now flossing over 
$30,000 working from her home by 
providing a secretarial service to me and 
other local businesses. She works her 
own hours aricj has all the corporate ad¬ 
vantages, 

, L briefly mentioned that you can start 
with no capital whatsoever. I know it 
can be done, since I have formed 18 
companies of my own, and I began each 


one of them with nothing. Beginning at 
age 22,1 incorporated my first company 
which was a candy manufacturing con¬ 
cern. Without credit or experience, I 
raised $96,000, From that starting point 
grew a chain of 30 stores, I’m proud of 
the fact that at age 291 was selected by 
a group of businessmen as one of the 
outstanding businessmen in the nation, 
As a result of this award, I received an 
invitation to personally meet with the 
President of the United States, 

I wrote my book, How To Form 
Your Own Corporation Without A Law¬ 
yer for Under $50 because I felt that 
many more people than otherwise would 
could become the President of their 
oWn corporations, As it has turned out, 
a very high proportion of all the corpo¬ 
rations formed in America each month,, 
at the present time are using my book 
to incorporate. 

Just picture yourself in the position 
of 1 resident of your own corporation. 
My book gives you all the information 
you need to make your decision. Let 
me help you make your business dreams 
come true, 

As a bonus for ordering my book now 
Ill send you absolutely free, a'portfolio 
of valuable information. It's called “The 
Income Plan" and normally sells for 
$9,95, It describes a unique plan that 
shows you ho w to convert most any job 
into your own corporation, You'll in¬ 
crease your take-home pay by up to 25% 
without an increase in salary or even 
changing jobs in many cases. If you are 
an employer, learn how to operate your 
business with independent contractors 
rather than employees. This means that 
you’ll have no payroll records or with¬ 
holding taxes to worry about, And you’ll 
be complying with ail LR.S. guidelines. 

I lie Income Plan” includes forms, ex¬ 
amples and sample letter agreements to 
make it possible, 

, 1 Personally guarantee your purchase 
m the fairest way I know. If you feel 
my book is not all that I’ve described, 
return it undamaged within two weeks 
and I’ll promptly refund your money 
with no questions asked, If you should 
decide to return it, you may keep the 
bonus Income Portfolio for your trouble, 
«n To K ct ,y° ur copy, write the words 
Corporation Book and Bonus" on a 
plain sheet of paper, along with your 
and address. Enclose a check for 
*14.9.). There is no sales tax on your 
order and your purchase price is tax 
deductible, Mail your order to me, Ted 
Nicholas, c/o Enterprise Publishing Co., 
Dept, AS-03C , 501 Beneficial Building 
Wilmington, Delaware 19801, 
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Evolution of Insect Sociality: A Review of 
Modern Theory,” by C, K, Starr, and 
‘‘Genetics of Sociality,” by R. H. Crazier. 
Both are important and thought-pro¬ 
voking, the first easier to understand than 
the second, Both authors cover some of 
the same areas from different viewpoints, 
the first as an investigator of social be¬ 
havior, the second as a population genet¬ 
icist, Unfortunately, the two chapters are 
not fully coordinated, For example, 
mathematical symbols differ: B in one 
chapter apd r in the other serve for almost 
identical kinship coefficients. This is a 
trivial matter but does not facilitate un¬ 
derstanding of difficult material. 

A wide diversity of interactions are 
described in C. Baroni-Urbani’s chapter 
on territoriality, There are few examples 
of territoriality in a strict sense among 
social insects. This chapter describes, for 
each group of eusocial insects, data about 
home ranges and certain interactions 
among colonies, and even among species. 
Insects that are symbionts in colonies of 
social insects and their interactions with 
the hosts are dealt with in a chapter by D. 
H. Kistner, which describes and illus¬ 
trates a wide variety of these morpholog¬ 
ically and behaviorally fantastic creatures. 
The illustrations are worth anyone’s time. 
The emphasis is on evolution, particularly 
on the presumed parallel lines of descent 
(illustrated by numerous trees) of various 
groups of eusocial insects and their host- 
specific symbionts. 

: The book as a whole contains useful 
new summaries and reviews of the current 
state of knowledge on a variety of topics. 
Volume 2 promises chapters on commu¬ 
nication, behavior, and systematics, and 
Volume 3, on each of the major groups of 
social insects ,—Charles D. Michener, 
Entomology, University of Kansas 


Physical Sciences 

Energy; The Next Twenty Years. Hans 
Landsberg, ed. Resources for the Fu¬ 
ture. 628 pp, Ballinger, 1979. $25 cloth, 
$9.95 paper. . 

; This study, chaired by the well-known 
economist Hans Landsberg, seeks to re¬ 
move major weaknesses of the two earlier 
books, on energy sponsored by the Ford 
Foundation, Where the first study, A 
Time To Choose (1974), said little about 
price, this book in effect says that if the 
price is right (that is, high), the energy 
problem will become, manageable, And 
where Nuclear Power: Issues and Choices 
(1976) all but set the stage for the harsh 
(and self-defeating) U.S. nuclear policy 
toward the rest of the world, this study 
suggests that a softer, more flexible line is 
just as likely to control proliferation as is 
the harder approach, and would not 


alienate our allies who view nuclear en¬ 
ergy as essential to their future. 

The book consists of 15 chapters, all of 
which are informative. I liked best the 
chapter on solar energy. It is as sound an 
analysis of the prospects for solar energy 
as I have seen. A 68-page overview sum¬ 
marizes the findings and recommenda¬ 
tions of the study. With findings such as 
“the world is not running out of energy,” 
or that "conservation is important,” or 
that “serious shocks and surprises are 
certain to occur,” one cannot disagree. 
The recommendations generally reflect 
the point of view of the economist. Indeed, 
one gets the impression that the energy 
problem is essentially an economic prob¬ 
lem, and that sound economic policy 
(meaning mostly use of the marketplace 
to allocate energy resources) will tide us 
over until the inexhaustible energy 
sources come on line, As a technologist, I 
suppose I retain some skepticism—after 
all, any estimate of what market forces 
will accomplish depends on a model that 
itself ultimately depends op elasticity 
coefficients. These coefficients are re¬ 
flections of innumerable decisions by 
many consumers of energy, each driven by 
his own aspirations apd resources; the 
elasticities are therefore uncertain, Thus 
I would have been more comfortable had 
the possibilities of technical fixes—such 
as the electric car—been given more 
prominence. But this is a personal view. 

This book is serious and authoritative; 
it is well worth the attention both of those 
who are responsible for energy policy and 
of those who wish a broad review of the 
whole energy picture ,—Aluin M. 
Weinberg, Institute for Energy Analysis, 
Oak Ridge Associated Universities 


Black Holes: The Edge of Space, the End 

of Time. Walter Sullivan. 303 pp. An¬ 
chor Press/Doubleday, 1979. $17,95. 

When your nonscientist friends who 
have seen the Disney movie want to know 
if any of that stuff is true, you can rec¬ 
ommend this book to them wholeheart¬ 
edly. Large, handsomely produced, nar¬ 
rative in style with a lot of historical and 
humap detail, full of quotable epigrams, 
the book is particularly wide ranging, with 
chapters not just on black holes, but also 
on quasars, pulsars, x-ray astronomy, 
time’s arrow, special and general relativ¬ 
ity, white holes, worm holes, big-bang 
cosmology, in short just about everything 
trendy in modern astronomy. This is a 
first-rate joj) in popular science writing, 
no mistake about it. 

Still, I would claim that something 
about Walter Sullivan’s crisp narrative 
rings false do the practicing research sci¬ 
entist. Every page is full of names: Doe 
suggested this idea, Smith countered with 
this one, Jones pointed out that the data 


supported a third hypothesis. Science is 
reduced to a field of belles lettres or lit- : 
erary criticism, where the goal is con- | 
temporary acceptance and perhaps a na- ! 
tional magazine write-up. Yes, this is a ! 
part of scientific research, but most of us j 
would like to think that it is a subsidiary 
part, justifiable only insofar as it serves a I 
more fundamental and more absolute I 
goal: to learn what is actually true about \ 
nature, independent of what Doe, Smith, i 
and Jones may have to say about it. f 
The scientific journalist can counter f 
that he reports what he sees to be the I 
pattern of science, that it would be wrong j 
for him to report something as “true,” I; 
when only some scientist, this weejq be- | 
lieves it to be true. Sullivan pays a price, J 
I think, for this latter point of view. His \ 
writing leans too far toward a democracy r 
of ideas, all attributed to their originators r 
with exquisite journalistic care, and all j 
put forth with seemingly equal weight, j 
The necessary balance to this kind of j 
popular science'is that other kind, the U 
old-fashioned kind, which (without any j 
attributions at all) just sets out in clear | 
popular language the basic ideas of a | 
Held.—William H. Press, Astronomy and | 
Physics, Harvard University f 

I' 
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Energy: The Countdown. Thierry de I 
Montbrial. A Report to the Club of \ 
Rome. 256 pp. Pergamon Press, 1979. I 
$33. 

The title of the book and the reputation | 
of the prestigious sponsors for alerting us j; 
to other serious world problems suggest | 
that it will be a succinct and definitive f 
study of the world energy problem, re- g 
plete with clear-cut recommendations. It f- 
fell short of my expectations. 

The stage is set for such high expecta- 7 
tions in the Club of Rome’s own Fore- j- 
ward, with a warning that “there exists in l 
this field a real threat to human society,” jj 
followed by the assertion that the book | 
presents “a comprehensive outline of the | 
gigantic drama.” T. 

This same theme is echoed at the be-1 
ginning of the Recommendations, by | 
Lattes and Wilson, preceding the main ( 
text, with a section entitled “Anguishing I. 
Prospects” and a discussion of “awesome | 
needs.” In partial support of such | 
alarming words, the authors refer us to | 
Figure 5, which takes some time go locate I 
and is incomprehensible without careful f 
study of the accompanying text, even for \ 
one well-versed in energy issues. The im- | 
pact is immediately diminished. The 
program presented in the Recommenda¬ 
tions dwindles into a hodgepodge of 
sometimes poorly written explanations of r 
complex issues which the average reader 
will probably find hard to understand, ; 
especially without reading the main test : 
first. I- 


Some things surprised me—for exam¬ 
ple, a suggestion that some members of 
the Club of Rome subscribe to the so- 
called soft energy path. Omissions were 
equally surprising: there is scant discus¬ 
sion of the long-range resource potential 
of breeder reactors and for the role of 
nuclear energy in general there is only a 
weak endorsement. 

The main text begins with a chapter 
carrying the exciting title “The Great Oil 
Adventure.” It turns out to be rather dull, 
however, and even the author acknowl¬ 
edges that it is “somewhat boring for 
readers unfamiliar with economic rea¬ 
soning.” Unfortunately, it leaves the im¬ 
pression that the whole oil crisis devel¬ 
oped because of economic rather than 
resource-base problems. 

The real issues are finally treated in 
Chapter 3, which relies heavily on the 
excellent Massachusetts Institute of 
Technology Study, Energy: Global 
Prospects 1985-2000 (usually referred to 
as the WAES report). With respect to oil, 
the problem is summed up with the 
warning that “projected oil'supply and 
demand are such that a shortage appears 
unavoidable.” 

In the final chapter, “Summary and 
Conclusions,” nuclear energy is again 
discussed briefly, but some of the state¬ 
ments show that the author is not very 
well informed in this field. Indeed, in view 
of the fact that France is a leader in de¬ 
velopment of nuclear energy, especially 
the breeder, I was disappointed that de 
Montbrial did not include a full and in¬ 
formative discussion of’the potential of 
this option, ‘ ’ ' , 

Although the book will help alert the 
world to the energy crisis, it is generally 
hard to read, even for persons'well ac¬ 
quainted with the issues.—-Fred? H. 
Schmidt, Physics, University of Wash¬ 
ington , 1 


Nuclear Disaster in the Urals. Zhores 

A. Medvedev. Trans. George Saunders. 

214 pp. W. W. Norton, 1979. $12.95. 

Just what did happen at Chelyabinsk 
40 during the winter of 1957? Medvedev, 
an exiled Soviet dissident, has produced 
a collection of Soviet radioecology litera¬ 
ture together with United States CIA re¬ 
ports and anecdotal information. He 
speculates that a serious nuclear accident 
occurred at a large military nuclear com¬ 
plex near Kyshtym ip the southern Urals, 
and he claims that a large explosion re¬ 
sulting from buried nuclear waste caused 
extensive ground ' contamination 
(1,000-4,000 Ci P.°Sr/km 2 ) over 1,000 km 2 
and many human casualties. Yet, • for 
reasons unknown, the book cover men¬ 
tions the Three Mile Island reactor acci¬ 
dent. Others, apparently using Medve¬ 
dev’s admitted “scientific imagination” 
technique, prefer as possible sources of 


contamination such accident scenarios as 
reactor failures, nuclear .weapons explo¬ 
sions, stored waste releases, and, incred¬ 
ibly, fallout from tests at Novaya Zemlya 
some 2,000 km distant. 

Doubtless, a large release of radionu¬ 
clides did occur at Chelyabinsk. However, 
several major difficulties exist regarding 
Medvedev’s speculated cause: the amount 
of energy required and the relative ab¬ 
sence of 137 Cs in measured samples. An 
explosion of buried nuclear waste of the 
magnitude required for contamination 
levels and areas given by Medvedev 
clearly is not possible because of the 
multimegatons (TNT equivalent) of en¬ 
ergy required for dispersal. Nor does 
Medvedev fully explain the missing ,:,7 Cs 
(relative to 9fJ Sr from fissioned U or 
Pu). 

It is more likely, in view of the available 
evidence, that contamination resulted 
from other portions of the fuel cycle, 
perhaps from chemically separated ma¬ 
terials escaping during a large accident 
and/or poor containment practices. It 
appears that extensive contamination did 
occur, but that Medvedev’s estimates are 
exaggerated. Apparently his accident 
scenario is incorrect. 

Numerous factual and typographical 
errors probably will escape most lay 
readers. Some are serious: for example, 
Medvedev states that transmitted genetic 
damage results from 90 Sr contamination. 

A sampling of other errors includes beta 
particle ranges in tissue, confusing pro¬ 
tons with photons, use of the symbol J for 
iodine (the book has also been published 
in Germany), and mention of the element 
borium (three times on p. 160 ).—Chester 
R. Richmond, Biomedical and Environ¬ 
mental Sciences, Oak Ridge National 
Laboratory ' ‘ 

Nuclear Interactions. B, A. Robson, ed. 
Lecture Notes in Physics, 92. 507 pp. 
Springer-Verlag, 1979. $23 paper. 

, This volume contains the texts of thirty 
invited papers presented at the Interna¬ 
tional Conference on Nuclear Interactions 
held' in Canberra, Australia, in 1978. 
About 100 one-page abstracts contributed 
to the conference are also included, so that 
the hook provides an overview of the 
mainstream of nuclear physics research as 
of 18 months ago. The topics represented 
are heavy-ion reactions, nuclear spec¬ 
troscopy and structure, electron scatter¬ 
ing, and photonuclear reactions. The pa¬ 
pers, almost evenly divided between ex¬ 
positions of latest results and review ar¬ 
ticles, are of good quality and show care in 
preparation. Articles by Specht (“Fission 
Phenomena in Deep Inelastic Colli- 
sions”), Walecka (“The Equation of State 
of Nuclear Matter”), and Robson (“The 
Role of Quarks in Nuclei”) are of partic¬ 
ular interest. The conference summary 
speaker, Walter Greiner, has managed to 
pull together a number of threads and, 


with an acknowledged personal bias, 
produce a fabric covering and relating the 
physical concepts which can he studied 
with nuclei. 

This volume would be a useful addi tion 
to an institutional library rather than a 
personal library (unless, of course, one has 
attended this particular conference). I 
would not recommend its purchase by 
someone wishing to gain a first acquaint¬ 
ance with the field of nuclear physics ,—R, 
G, Stokstad, Physics Division, Oak Ridge 
National Laboratory 


Cosmic Dust: Its Impact on Astronomy. 

Peter G. Martin, Studies in Physics. 

2(56 pp. Oxford University Press, 1978. 

$23,50. 

“If, as we contemplate our origins, our 
curiosity were allowed to lead us back 
sufficiently far, we would undoubtedly 
discover many ancestral interstellar dust 
particles, These small particles contain 
most of the material, other than H and 
He, in the interstellar medium, and it is 
from such elements that the terrestrial 
planets and we ourselves have formed,” hi 
this way the author introduces this well- 
written and technical book on almost ev¬ 
erything we know (or don’t know) about 
cosmic dust. It is a remarkably up-to-date 
account of astronomical research con¬ 
cerning interstellar dust as well as a basic, 
if compact, introduction to the theory of 
light absorption and scattering by solid 
particles, Aimed at the research scientist 
or graduate student who desires a broad 
as well as detailed knowledge about cos¬ 
mic dust, it is not a book for the general 
reader, However, anyone with a good 
background in both physics and astron¬ 
omy will benefit from its wide-ranging 
treatment of astrophysical processes in 
which dust plays a major role, 

Some of the material covered corre¬ 
sponds to that in van de Hulst’s 1957 
classic, but it is here considerably updated 
and focused on interstellar dust, Much of 
the treatment of transmission and scat¬ 
tering of radiation derives from the au¬ 
thor’s own significant research contribu¬ 
tions, Recent calculations of efficiency 
factors for extinction, phase shift, linear 
dichroism, and birefringence of spheroids 
have been included, However, it is 
annoying that the reproduction of some 
of the computer-produced diagrams is 
inadequate, making it impossible to follow 
many of the light-toned curves, 

If supplied with some derivations and 
explanatory material, this book would 
serve well as the text for a graduate course 
on interstellar dust. However, its excel¬ 
lence lies in its compact guidance to cur¬ 
rent research ideas and problems, It 
should he in the bookshelf of anyone se¬ 
riously interested in the enigmatic dust 

particles of interstellar space,. -Per A, 

Amnestad, Physics, Arizona Stale 
University 
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Monte Carlo Methods in Statistical 
Physics. Kurt Binder, ed. Topics in 
Current Physics, 7. 376 pp. Springer- 
Verlag, 1979, $32, 

It is by now generally admitted that the 
two numerical statistical mechanical 
techniques—the Monte Carlo method 
formulated by Metropolis, Rosenbluth, 
Rosenbluth, Teller, and Teller, and the 
molecular dynamics method pioneered by 
Alder and Wainwright—have contributed 
in no small measure to the striking prog¬ 
ress in statistical mechanics during the 
last two and a half decades.. The quasi- 
experimental results from these methods 
are now frequently preferred for testing 
the validity of approximate analytical 
theories, in part because the interaction 
law between the particles of the system 
can be precisely specified, and in part 
because of the feasibility of calculating 
quantities that are difficult to measure in 
physical experiments, 

The nine articles in this volume provide 
a very useful survey of the applications of 
Monte Carlo techniques to problems in 
statistical physics, in the broad sense of 
the use of stochastic methods of numeri¬ 
cal computation. The coverage of the lit¬ 
erature appears to be very thorough, with 
a “note added in proof’ supplying addi¬ 
tional references, chapter by chapter, into 
1978. The neophyte should supplement 
the introductory chapter with two articles 
by J, P. Valleau and S, G. Whittington, 
and by Valleau and G. M. Torrie, in Sta¬ 
tistical Mechanics, Part A: Equilibrium 
Techniques, edited by B, J, Berne (Ple¬ 
num, 1977). In a work of this length I 
would have liked to find a much more 
detailed and critical discussion of the 
procedures for generating the pseudo¬ 
random numbers that form the basis of 
the numerical calculations, 

The book was set in typewriter com¬ 
position with unjustified right margins. It 
is unfortunately marred by frequent ty¬ 
pographical errors, occasionally amusing 
grammatical mistakes, and sometimes 
confusing terminology (e.g. dynamic 
variables for the usual configurational 
coordinates), There is a subject index, but 
no author index, However, the virtues of 
the book greatly outweigh its defects. 
Every practitioner of this black art, and 
many users of its results, will wish to have 
access'to It,—William W, Wood, Theo¬ 
retical Division, Los Alamos Scientific 
Laboratory 


Fundamentals of Photochemistry. K. 

K. Rohatgi-Mulcherjee. 347 pp. Hoisted 

Press, 1979. $9.95. 

The harnessing of sunlight is felt by 
many to be the ultimate answer to our 
present energy problems. This may be one 
of the reasons for the great increase in 
interest over the past few years in the 


photochemistry of complex organic and 
organometallic compounds. There is a 
need for an up-to-date book for students 
that deals with the basic photophysics 
and photochemistry essential for under¬ 
standing such molecular photochemistry. 
This relatively slim volume goes a long 
way toward satisfying that need, 

The first two-thirds of the book, writ¬ 
ten in a very lucid style, explains the 
fundamentals of photophysics at a ievei 
suitable for students with a moderate 
knowledge of wave mechanics and kinet¬ 
ics. Much ground is covered, and there are 
places where clarity has been sacrificed 
for the sake of brevity. In a few short 
pages, for example, the reader is taken 
from the Schrbdinger equation through 
time-dependent perturbation theory and 
selection rules to biphotonic transitions 
in naphthalene. 

The final chapters deal with photo¬ 
chemical primary processes and some il¬ 
lustrative aspects of organic and organo¬ 
metallic systems, Special emphasis is 
placed on photooxidation and cycload¬ 
dition reactions. The book’s major defi¬ 
ciency shows clearly in these chapters, No 
references are provided in the text, but at 
the end of the book there is a bibliography 
with a few, mainly general, references for 
each chapter. In addition, a text designed 
for students should surely include sets of 
problems. 

Printing the book in India has consid¬ 
erably lowered its price, but to some ex¬ 
tent this advantage is offset by the inferior 
quality of the printing and presentation. 
The quality of the proofreading also 
leaves something to be desired. 

Although it cannot be recommended as 
the single text for a course in photo¬ 
chemistry, the book is well worth consid¬ 
eration as an ancillary text ,—John A. 
Stone, Chemistry, Queen's University, 
Kingston, Ontario 


Physics without Math: A Descriptive 

Introduction. Gilbert Shapiro, 351 pp. 

Prentice-Hall, 1979. $14.95. 

The author’s objective in offering this 
hook (based on a one-quarter introduc¬ 
tory course for nonspientists at the Uni¬ 
versity of California at Berkeley) is to 
stress ideas such, as the meaningof sci¬ 
entific explanation, the role of experiment 
and theory, and the limitations imposed 
by laws of nature. He develops these ideas 
by focusing, on a few well-chosen topics: 
several chapters are devoted to the idea of 
energy,and several more to the electro¬ 
magnetic spectrum. These choices also 
allow him to introduce some basic con¬ 
cepts of relativity and quantum me¬ 
chanics, Individual chapters on planetary 
motion, wave motion, the nucleus, and the 
evolution of the universe are also includ¬ 
ed. Each chapter opens with a useful in¬ 


troduction that summarizes what is to 
come and relates it to earlier material. : 
Mathematics is confined to frequent ; 
graphs and occasional algebraic relations 
among words. No mathematics at all is ■■■ 
required to answer questions at the cud of 
each chapter. 

Unfortunately, several types of flaws ; 
detract from the virtues of the book. 
Shapiro can be forgiven the simplistic I 
history he includes (such as his treatment - 
of Copernicus or his repetition of the j 
now-discredited notion that Einstein was § 
motivated by the Michelson-Morley ex- f 
periment). Occasional cursory or sloppy j. 
explanations and frequent assumptions f 
of too much knowledge on the reader’s \ 
part are cause for greater concern. For * 
example, electric and magnetic forces are f 
dismissed in fewer than five pages. One | 
chapter is entitled “Energy: A Basic Law j 
of Physics.” Nuclear binding energies are f 
discussed without explicit mention of the f 
fact that they are negative or any expia- f 
nation—for several pages—about how to i 
interpret negative energies. Reference is | 
made to the possibility of creating pluto- f ■ 
nium-239 from uranium-238 with no hint | 
about how that can be accomplished, r 
Flaws such as these, which occur far too | 
frequently, can be as confusing to begin- j ; : 
ning students as too much algebra. They | : 
also make it. impossible to recommend | 
this book without strong reservations.-- I: 
William A. IUanpied, National Science f 
Foundation | 


Fluctuation Theory of Phase Transi* | 
tions. A. Z. Patashinskii and V. I, 
Pokrovskii. Trans. P. J. Shepherd. 32! f 
pp. Porgamon Press, 1979. $40. | 

’Phis is an excellent and timely book on I 
a.subject to which the authors have made j 
profound contributions. Among their j 
many research activities, Patashinskii ami j 
Pokrovskii co-authored a pioneering 
paper on scaling theory which helped lay |.i 
the foundations of the modern theory of | 
critical phenomena. ’Their hook is well I 
written and has the breadth one expect* I 
from Randan's school of physics in the I 
Soviet Union. Subjects like conformal | 
invariance, operator algebras, critical | 
dynamics, epsilon expansions, and lhe| 
renormalization group are treated intel- j 
ligibly at quite an advanced level. I found | 
the chapter on the microscopic theory of | 
phase transitions an especially useful | 
source of information not readily available f 
in the West. There are a variety of ex- \ 
perimental references, but these were# 
dated and not necessarily the best or most i 
revealing experiments available. I 
One of the most interesting aspects <4 § 
the book is its delightful prose style. In the | 
Preface to the English edition the author I 
observe, in vivid fashion: “When fluctu-1: 
ations, these shapeless amoebas, overlap 1 
in large numbers to form a continuous §- 

1 


The Large-Scale Structure of the Universe 

P.J.E. PEEBLES 

Opinions on the large-scale structure of the early universe 
range widely from primeval chaos to well-ordered mass 
distribution. P.J.E. Peebles argues that the evolution 
proceeded from a nearly uniform initial state to a 
progressively more irregular and clumpy universe. The 
discussion centers on the largest known structures— 
clusters of galaxies, the empirical evidence of the nature 
of the clustering, and the theories of how the clustering 
evolves in an expanding universe. Princeton Series in 
Physics Cloth, $30.00. Paper, $9.95 ■ 

Surprises in Theoretical Physics 

SIR RUDOLF PEIERLS 

Problems in theoretical physics often lead to paradoxical ’ 
answers; yet closer reasoning and a more complete 
analysis invariably lead to the resolution of the paradox 
and to a deeper understanding of the physics involved. 

Drawing primarily from his own experience and that of 
his collaborators, Sir Rudolf Peierls selects examples of 
such "surprises," from a wide range of physical theory, 
from quantum mechanical scattering theory to the theory 
of relativity, from irreversibility in statistical mechanics lo 
the behavior of electrons in solids. By studying such 
surprises and learning what kind of possibilities to look 
for, he suggests, scientists may be able to avoid errors in 
future problems. Princeton Series in Physics 
Cloth, $15.00. Paper, $3.95 

Princeton University Press. 
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undescribable soup, new and sharply de¬ 
fined laws... come into play, cutting 
I would recommend this book without 
hesitation to graduate students interested 
in studying advanced topics in phase 
transition theory. Other investigators 
could profit from it as well .—David It. 
Nelson, Physics, Harvard University 


Optical Image Formation and Pro¬ 
cessing. M. Frangon. Trans. Bernard 
M. Jaffe. 213 pp. Academic Press, 1979. 
$19.50. 

This excellent translation of a widely 
acclaimed text introduces the formalism 
now essential to the mathematical ma¬ 
nipulations needed in Fourier optics. In 
fact the title should have indicated that it 
is a book on Fourier optics, not, on the 
more general area suggested. From the 
viewpoint of an opticist raised on physical 
optics, and with both Jenkins and White 
as professors, I do not get as satisfactory 
a working “feel” for diffraction and in¬ 
terference effects frp Fourier formalism. 
Yet I realize the absolute necessity to 
master this field in order to describe im¬ 
portant concepts such as spatial filtering, 
character recognition, modulation 
transfer, synthetic aperture optics, ho¬ 


lography, and many other modern mani¬ 
festations in optics. 

. Canyon explains things carefully anil 
giv(ffi an extensive appendix regarding 
Fourier transformations encountered in 
the hook. I wish all the illustrations were 
of this quality. Showing the graphical 
form of the transfer function for a ring 
aperture with a rounded peak at zero 
spatial frequency rather than the proper 
pointed cusp is a slip that should never 
have escaped the author's attention. The 
proper geometrical perspective should 
also have been followed where “circular" 
apertures were intended. Even a free¬ 
form dosed figure would have been bet ter 
than the bothersome elliptical "circle" 
and would have emphasized that the pc 
riphery of a lens could have any genera! 
shape. 

The brief bibliography gives little 
guidance on where to go next, hi addition 
to references, Pranpt could have availed 
himself of the many beautiful pictures 
illustrating this expanding field of optics. 
The student will have to discover and 
enjoy them later. But these minor point s 
should not deter consideration of this 
book as a good introduction to Fourier 
optics, The student who masters it is 
ready for the real treat offered by (jrudu- 

ate-level texts like Goodman’s!. Aden 

Meind, Optical Sciences Center Uni¬ 
versity of Arizona 


Quantum (’hemistry, student edition, 

John 1*. Lovvc. otitl pp. Academic Press, 

1!)78.$1!I.5U paper. 

As t he author claims, the book provides 
a reasonably rigorous treatment of ground 
spile inolwulur orbilul 11 ivory suilabli' lor 
organic chemists, although if is less suit 
able lor inorganic mid physical chemists, 
In this regard (lie title suggests a broader 
coverage t ban h act tiaily al templed, 

Inorganic chemists should, however, 
find the book useful, although the lack of 
Kpecilic discussions of inorganic svv 
letiis especially molecular complexes 
and their bonding, magnet ie,and optical 
spectroscopic properties may preclude 
its use as the sole textbook in a quant tint 
chemically oriented inorganic course. 
Hittcc the treatments of extended Ihtekel 
and group theory are ream mu lily coin 
plele, ti more detailed coverage of inor 
gallic systems could have been included, 
to brondent he hook's appeal, wit bout the 
need for much additional background, 

1 hysical chemists interested in molecular 
orbital theory should also find the book 
ust'iul. However, it is certainly inupptu 
pi'iatc lor use in rigorous quantum 
chemistry courses, owing primarily to the 
hick ot coverage of certain important 
subjeef areas te.g, time-dependent pr<h 
leins including radiation theory I and to 
the level nfmatheumtics employed. 




In general, the hook is well written, and 
explanations of molecular orbital con¬ 
cepts are clearly developed. Applications 
of molecular orbital theory to chemical 
reactivity, molecular structure, and mo¬ 
lecular properties are presented, although 
the examples emphasize organic chemical 
systems. A particularly good feature of the 
book is its use of simple model problems, 
such as the particle in a box and the par¬ 
ticle on a ring, to help elucidate funda¬ 
mental quantum mechanical principles 
and to provide insights into the charac¬ 
teristics of more realistic albeit more 
complex systems. 

, The book would be a worthwhile addi¬ 
tion to the library of most chemists in¬ 
terested in molecular orbital theory and 
its applications, although the emphasis is 
confined primarily to organic systems, It 
would make an excellent basic text for a 
rigorous quantum organic chemistry 
course.—-Gerald M. Maggiora, Bio- 
chemistry and Chemistry, University o[ 
Kansas 


Methods of Modern Mathematical 
Physics, Vol. 3: Scattering Theory. 
Michael Reed and Barry Simon. 463 
pp. Academic Press, 1979. $42. 

Scattering theory has undergone ex¬ 
tensive mathematical development dur¬ 
ing, the last 25 years, and it is still growing. 
A physicist may be tempted to say that 
parts of this development are of nd prac¬ 
tical interest; they are, for him or her, 
merely ornamental, But then, many an 
engineer feels the same about some of the 
physicist’s favorite theories, There is no 
denying that some results obtained by 
rigorous mathematics have led to impor¬ 
tant physical insights. Relevant examples 
from scattering theory are the optical 
theorem, Regge poles, resonance theory, 

| solitons, and three-body reactions. 

' This book shows with great flair that 
certain aspects of scattering theory have 
become part of mathematics, and it treats 
them as such. In spite of various intuitive 
physical introductions and occasional 
; discussions that show that the authors. 
have an excellent understanding of the 
underlying physics, this is not a physics 
book with attention to mathematical 
rigor; it is an excellent mathematics text 
. that treats scattering theory as a chapter 
in functional analysis, examining it in 
various physical contexts, such as classical 
particle scattering, quantum particle 
scattering, electromagnetic, acoustic, 

: spin-wave, and quantum-field scat- 
■: ■ taring, ' 

More specifically, scattering theory is 
. regarded as a special branch and appli- 
I cation of the theory of the continuous 
a spectrum of self-adjoint operators. It is 
*'• the existence and completeness of the 
v;Moller wave operator that occupies most 
Vpf the authors’ attention, and their rig¬ 


orous proofs often center on, or are 
equivalent to, proofs of the. absence of a 
singular continuous spectrum, a propo¬ 
sition which physicists usually take for 
granted. Perhaps the clearest indication 
that this volume is a book of mathematics 
is that on at least one occasion the authors 
present three (instructively) different 
proofs of the same theorem. 

I strongly recommend this book to 
mathematicians or graduate students who 
would like to see an application of spectral 
theory, as well as to mathematical physi¬ 
cists working in rigorous scattering theo¬ 
ry. Those who want to learn the physics or 
the calculations! tools of collision theory 
will be better served by some of the other 
available treatises,—Roger G. Newton, 
Physics, Indiana University 


Earth Sciences 

Atlas of Virginia Precipitation, Bruce 

P. Hayden. 141 pp, University Press of 

Virginia, 1979, $20. 

Most collections of regional climatic 
data are nothing more than page after 
page of tables with a brief introductory 
text. Such a beast would be attacked only 
by a few brave souls, willing to risk de¬ 
mentia to obtain a few precious numbers, 
By contrast, Hayden’s Atlas is a readable, 
enjoyable book that could be of interest to 
a wider audience. The distribution of 
precipitation of all types and in all seasons 
is depicted on a series of 157 state maps, 
all drawn on the same scale to allow the 
use of transparent overlays showing the 
county boundaries, climate stations, and 
Appalachian topography. With this 
background of statistical data, the author 
proceeds to describe the major weather 
phenomena that produce Virginia’s pre- 
cipitation—the wintertime “coastal 
storm,’’ the summertime afternoon 
thunderstorm, the occasional passage of 
a hurricane in the early fall, and the lo¬ 
calized “orographic” precipitation caused 
by the lifting of easterly winds over the 
Appalachian mountains, Each section of 
the book is illuminated with quotations 
from Thomas Jefferson showing the re¬ 
lationship between climate and farming 
■■in Virginia.— Ronald B, Smith, Geology 
and Geophysics, Yale. University 


The Properties of Diamond. J, E, Field, 
ed. 674 pp, Academic Press, 1979. 
$67.25, 

An update of the 1965 volume, Physical 
Properties of Diamond, this book de¬ 
scribes more recent research by the dia¬ 
mond industry and by a number of British 
laboratories. With one exception, all 26 


contributors are British or South Af- f 
rican. i, : 

The book’s seven parts are divided into 
20 chapters; a Table of Properties and a 
subject index are also included. Because I 
my interests are primarily geology and 
finding diamonds, I looked first at the 
chapter by Barry Dawson on new aspects 
of diamond geology, which incorporates 
informative comments on the occurrences 
oi diamond in fold mountain belts and in 
rocks other than kimberlites, as well as f 
many references to relatively recent 
(1976) Russian work op diamond geology. 

A companion chapter, by J ; W. Harris and 
J. J. Gurney, on inclusions in diamonds, T 
is a valuable systematic organization of f 
published information to 1975, with co¬ 
pious interesting new material relating 
diamond inclusions to specific kimberlite 
sources. ' 

This is obviously a book for specialists, j 
but perhaps a bit too much so. Chapter 6 f 
is entitled “Recent Developments in the j 
1 heory of Diamond”: is there a theory of ! 
quartz? The range of specialist interest in I 
diamond reaches from' physics and 
chemistry to mechanical properties and £ 
technology. 

On p, 531 we are told: “Diamond syn- 1. 
thesis has progressed from a science to a 
technology... [while] many people have 
attempted to solve the underlying 
science.” Just as long as we all keep 
trying!—Franks J. Lampietti, DDI : 
Explorations, New York 

Soil Sampling and Soil Description. J. 

M! Hodgson. Monographs on Soil f 
Survey. 241 pp. Oxford University * 
Press, 1978. $26. 

This monograph covers three topics: ; 
first, a useful explanation of all aspects of 
descriptive field study of soil; next, in •. 
more detail, the physical aspects of sam- ] 
pling; and last, a summary of how soils are I 
described in 25 countries. The most useful i 
part of the last section—and the part | 
which would have sufficed—gives the key f • 
references used to obtain the official soil I 
survey methods for the individual jjr 
countries. 

In the hands of a sincere beginning 
student in soil science, this book would bo 
a very useful reference tool. The author , 
has obviously experienced a lot of soil pits, 
and his insights reflect a commonsense j- 
and practical approach which should give J 
a beginner confidence. However,both the a 
standard Soil Survey Manual (U.S.D.A, \ 
Handbook' # 18)' and the newer, compre- f 
hensive Soil taxonomy (U.S.D.A, ; 
Handbook #426) may be purchased for 
olriy two dollars more than the Hodgson ; 
volume, and together they contain far ■ 
rpore information on soil sampling and 
description than does this volume.—T, (?. r 
Siccama, Forestry and Environmental s : 
Studies, Yale University ; 


Modeling of Rivers. Hsieh Wen Shen, 

ed. 965 pp. Wiley-Interscience, 1979. 

$39.50. 

The genesis of this large reference vol¬ 
ume was the Institute on River Mechanics 
held at Colorado State University in July 
1977. Many recognized authorities in 
stream modeling who lectured there are 
contributors to the twenty chapters in this 
book. Four broad topic areas on modeling, 
namely statistical analysis, are covered: 
particularly floods, sediment processes 
and transport, computational hydraulics, 
and water quality, Three chapters de¬ 
scribe modeling of precipitation-sedi¬ 
ment-runoff, ice movement, and thermal 
plumes. 

Most attention is devoted to specific 
models of the physical processes in stream 
systems (e.g. hydrodynamic equations of 
flow, water, and sediment routing), pre¬ 
senting the fundamental ideas and nec¬ 
essary equations for formulating mathe¬ 
matical models. While emphasis is on 
mathematical models, appropriate con¬ 
cepts on visualizing the phenomena to be 
modeled, as well as approaches to apply¬ 
ing these models, are included. Generally, 
these concepts do not extensively embrace 
those required for the planning and 
management of water-resource systems. 

In this book, we have a readily available 
reference source that reflects much of the 
current (to 1977) work on river modeling. 
As emphasized by the editor in his Fore¬ 
ward, coverage of these topics is not all- 
encompassing, but with the extensive 
reference lists and carefully developed 
theories provided in each chapter, the 
reader has at hand much of what he ini¬ 
tially might wish to know about a partic¬ 
ular kind of model. 

Because this is a reference book rather 
than a text, the interested hydrologist will 
skim much of the material, returning later 
when more information is wanted. In 
skimming, he will obtain a picture of what 
can be accomplished by modeling. Like 
me, he will pause to absorb the detail in a 
few chapters, and, depending on experi¬ 
ence, this may lead him to initiate a 
modeling effort, to integrate one model 
with another, or to discover the clue to 
solving some nagging problem.-?. H. 
Corrigan, Jr., U.S. Geological Sumy, 
Reston, VA 


The Realm of the Terrestrial Planets. 

Zdenek Kopal. 223 pp. Halsted Press, 

1979 . $ 19 . 95 . 

Zdenek Kopal has been an enthusiastic 
student and chronicler of the solar system 
for many years. He is the prolific author 
of both technical and nontechnical works 
about his favorite subject. In this volume, 
he provides an excellent introduction to 
the inner planets (and Pluto), asteroids, 
and interplanetary dust for the nonspe¬ 


cialist. The book is crammed full of facts, 
vital statistics, and useful illustrations, 
including nine attractive color plates, 
which are melded into a fascinating story 
by Kopal’s lucid and romantic prose. The 
treatment is completely up to date, in¬ 
cluding the latest results from the space 
program as well as earth-based observa¬ 
tions. The reader who fails to be infected 
with Kopal’s interest in the solar system 
and enthusiasm for space exploration 
would be rare indeed \~Elbert A. King, 
Geology, University of Houston 


Air Pollution Control. Howarti E. 

Hesketh. 369 pp. Ann Arbor Science, 

1979. $20. 

Recent economic and political events 
suggest that in the coming decades there 
will be an ever-growing need for an ef¬ 
fective and energy-efficient pollution- 
control technology to protect our envi¬ 
ronment from the pollutants produced in 
the utilization of coal and other fossil 
fuels. This book represents a useful syn¬ 
thesis of the current theory of air pollu¬ 
tion control and its practical applica¬ 
tion. 

The book has three major sections: the 
first portion discusses types of air pollu¬ 
tants (i.e. descriptions of their physical 
and chemical properties) and quantifies 
their sources, the following section pre¬ 
sents the theory of control of pollutants, 
and the final chapters outline the various 
control devices that are used and their 
incorporation and maintenance in pollu¬ 
tion control systems. In general, control 
of particulate emissions and gaseous 
pollutants are treated separately in each 
section. Although the author has chosen 
to write in. an extremely terse style that 
may lead to difficulties for the nonspe¬ 
cialist, the frequent use of worked exam¬ 
ples is quite helpful in illustrating the 
application of the material to actual 
problems. 

Hesketh refers to air pollution control 
in his preface “as a science and an art,” 
but his approach is that of an engineer; his 
aim is apparently to supply the reader 
with the technical information relevant to 
the design and optimization of air pollu¬ 
tion control systems rather, than to in¬ 
struct him in the basic physics and 
chemistry of air pollution control. In order 
to give the book its broad coverage while 
not making it overly long, the author 
presents theoretical formulas and em¬ 
pirical relationships in rapid fashion with 
little discussion of the underlying phe¬ 
nomena; presumably readers interested 
in a more basic scientific understanding 
may. use the reference list at the end of 
each chapter, For this reason, the book is 
probably not appropriate as a university 
textbook or as a first step in learning the 
fundamentals of air pollution control, 
However, the wide range of topics cov¬ 


ered, the concise style, and the plethora of 
formulas with worked examples suggest 
that Hesketh’s book would be a valuable 
reference and resource text to scientists 
and engineers already in the field. Spe¬ 
cialists should perhaps consider making 
this volume part of their professional li¬ 
braries.— William L, Ckameides, Physics 
and Astronomy, University of Florida 


Nitrogenous Air Pollutants: Chemical 
and Biological Implications. Daniel 
Grosjean, ed. 349 pp. Ann Arbor 
Science, 1979. $33, 

This book contains 20 papers derived 
from a three-day symposium sponsored 
by the American Chemical Society. Most 
are fairly substantial reviews, so this col¬ 
lection offers more to the reader than 
would a random sampling of papers from 
the current literature, On the other band, 
the contributions are unified only by a 
concern for nitrogen compounds as air 
pollutants, and they make no concessions 
to readers whose interest in air pollution 
is less than all-consuming. The air pollu¬ 
tion specialist will find the hook valuable, 
but it offers little to the rest of us- even 
to those of us interested in air chemistry 
but not directly involved in the study of 
pollution.—James C. G, Walker, Am- 
nomy, Areciba Observatory, Arecilm, 
Puerto Rico 


Mineral Names: What Do They Mean? 
Richard Scott Mitchell. 229 pp. Van 
Nostrand Reinhold, 1979, $13,95, 

The mineral species—crystalline, in¬ 
organic products formed independently 
of man’s intervention—pose nomen- 
clatural problems. Because of their 
three-dimensional crystal structures and 
the frequent solid solutions between 
end-members, no simple clue in the 
underlying crystallochemical principle 
can be used as the basis for a formal no¬ 
menclature, such as that used, for exam¬ 
ple, in cataloging most organic com¬ 
pounds. Therefore, as Michael Fleischer 
states 1 in the Foreword: “We might as well 
make the best of this by enjoying the di¬ 
versity of names now in use,” 

The book is divided into two parts, Part 
1 (80 pages), a discussion of mineral 
names, considers names from persons and 
places, the use of symbols, and rules re¬ 
garding the formulation of names, The 
longer (124 pages) second part lists al¬ 
phabetically some 2,600 mineral names, 
Some of the names are downright, clever, 
Dixenite was named by Gustaf Elink in 
allusion to its formula, which shows Si0 4 
and AsOs radicles, hence the Greek for 
two and stranger. (As an aside, we just did 
the structure analysis of this monster and 
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found it has As 04 in addition. Maybe it 
should have been named trixenite!) 
Stenhuggarite honors Brian Mason 
(brianite and masonite preempted) for his 
studies on Langban mineral chemistry. It 
is from stenhuggare, Swedish for stone 
mason. (I should know: I named it!) Mi- 
tridatite, a mineral dear to my heart, was 
named for the Mitridat mountain in Cri¬ 
mea, its first locality, not for mithrida- 
tism, a developed immunity from a poi¬ 
son, produced by gradually increasing 
doses, the name derivation I had earlier 
erroneously assumed for this mineral. 

This book should be popular with the 
hordes of amateur mineral collectors who 
lack access to the more scholarly com¬ 
pendia such as Dana’s System of Miner¬ 
alogy. It will be a delightful antidote for 
insomnia, as evening reading and brows¬ 
ing. Unfortunately, there are some holes 
in the derivations. For example, for ab- 
ernathyite and agardite on the first page 
of entries, the dates of Abernathy and 
Agard are not given. Nor is the first pub¬ 
lished use of the names cited, This infor¬ 
mation would have helped in a scholarly 
research for the origin of a name. 

But many hours of amusement and 
recreation can be obtained from this book, 
which catalogs the all-too-human way of 
naming species. At a modest price, it 
should be owned by mineralogists both 
professional and amateur.—Paul Brian 
Moore, Geophysical Sciences, University 
of Chicago 


Volcanology. Howel Williams and 
Alexander R. McBirney. 397 pp. San 
Francisco: Freeman, Cooper, 1979, 
$33.50. 

This is an excellent book for everyone 
interested in volcanos.; For volcanologists 
it provides perspective on the current 
state of the field. For other geologists 
there are lucid descriptions of volcanic 
phenomena and the processes that make 
them. Nonspecialists, especially those 
with backgrounds in physical science, will 
see that volcanos result from a complex 
and fascinating interplay of many differ¬ 
ent physical and chemical processes, 
Throughout the book the physical ex¬ 
planation of volcanic phenomena is 
stressed. Although much remains to be 
understood, the emphasis here on the 
underlying physical and chemical pro¬ 
cesses clearly elevates this book above its 
more descriptive predecessors. 

Volcanology is a superb text because it 
is logically organized and clearly and 
succinctly written. Most pages are re¬ 
freshed by one or more illustrations: fig¬ 
ures are clear and expressive, and di¬ 
agrams have been redrafted from the lit¬ 
erature into a bold, clear, and uniform 
style. Full pages of text are divided into ' 

manageable blocks by headings, sub¬ 


headings, and italics. The clarity of format 
and the crisp direct writing make the book 
hard to put down. 

Volcanologists will also appreciate its 
scope and its comprehensive bibliogra¬ 
phy. The authors have studied all kinds 
of volcanos in all tectonic settings; they 
cover the full range of subaerial volcanism 
and the little we know about submarine 
volcanos but, unfortunately, not volcanic 
ore deposits. It will be easy to base a vol¬ 
canology course on the book, and teachers 
of physical geology will find excellent 
material for beginning students,— M. J. 
Carr, Geological Sciences, Rutgers Uni¬ 
versity 


Manganese Nodules: Research Data and 

Methods of Investigation. Ronald K. 

Sorem and Ronald H, Fewkes. 723 pp. 

Plenum, 1979. $95. 

Certain objects, because of their rarity 
and the uniqueness of the information 
they supply, require special techniques of 
study and detailed catalogues so that 
what is known about them will be avail¬ 
able to everyone even though the speci¬ 
mens are not. Meteorites and moon rocks 
are examples. Why then treat manganese 
nodules with the same care, when there 
are billions of them lying on the sea floor? 
The answer is fhat nodules are hard to 
recover, so that only a few workers have 
had access to well-located samples; that 
they are formed by a process, or processes 
of which we know very little; and that the 
composition of some nodules makes them 
potentially valuable sources of copper, 
nickel, and cobalt, in addition to manga¬ 
nese. 

Sorem has been studying manganese 
nodules for many years and has probably 
sectioned, examined, and analyzed 
(chemically and mineralogically) more 
nodules than anyone else. Thus the de¬ 
scriptions qf the techniques he has found 
useful , are valuable information for a 
newcomer to the subject. The techniques 
are not particularly difficult or exacting 
but they yield some exciting data about 
the wayFe.Mn, Ni, and Cu vary layer by 
layer in a nodule, and they bring to light 
some extraordinary textures formed 
during growth of the nodules. 

Th6 bqlk of the volume (573 pages, in 
fact) is devoted to a series of beautifully 
prepared and printed photographs of 
sectioned and polished nodules, Each 
specimen is located by latitude, longitude, 
and water depth, and for each photograph 
there is a brief description of collection 
data, nocjule morphology, identification 
of the noddle nucleus, mineralogy, and' 
composition. The authors do not draw , 
conclusions, They simply present an atlas 
of nodules that will surely be the measure 
against which future workers judge the 
uniqueness or nonuniqueness of the 
samples they study. The volume may cost 


a bundle but nodule workers will need it 
on their shelves.— Brian J. Skinner, Ge¬ 
ology and Geophysics, Yale University 


Life Sciences 

Tropical Trees as Living Systems. P, B. 
Tomlinson and Martin H. Zimmerman, 
eds, 675 pp. Cambridge University 
Press, 1978. $49.95. 

Of an estimated 220,000 species of j 
flowering plants, tropical trees constitute j 
at least 40,000 species. These trees ] 
structurally and ecologically dominate the j 
tropical ecosystems, which in turn are | 
thought to harbor approximately two- j 
thirds of all the known plant and animal j 
species. In spite of their importance, our j 
knowledge of their biology and of their l 
interactions with other living organisms 
is rather limited. In view of the resurgence ; 
of interest in tropical biology, it is .some- t 
what surprising that fewer than five books f 
devoted to tropical trees have appeared in | 
the last two decades. I 

Tomlinson and Zimmerman’s work, § 
one of the few modern comprehensive § 
treatises on the organismal and evotu- | 
tionary aspects of tropical tree species, is f 
the product of a symposium held at Har- f 
vard Forest in 1976. The 27 papers are f 
grouped in sections on origins and varia- [ 
tion; reproduction and demography; ar- | 
chitecture and construction; roots, leaves, | 
and abscission; organizational control; f 
and community interactions. 

In his paper Doyle traces the evolution 1 
of tropical forests on the basis of the fossil | 
record. Whiffin considers the problems of k 
geographic variation in extant tree | 
species, but, incredible as it may seem, f 
Whiffin’s account is without a word about I 
the genetic systems of the trees. 

Baker adds another level of refinement | 
to the analysis of pollination systems by 1 
considering the chemical composition of i 
floral rewards. Janzen, in an excellent | 
review, discusses the effect of seed pred-1 
ators on the size and the timing of seed I 
crops. Ng describes in detail the patterns | 
of variation in seed germination rates, I 
seedling morphology, and seedling size. I 
The demographic changes in seeds, I 
seedlings, and adults over time is the I 
subject of Sarukhan’s paper, which pro- | 
vides a detailed analysis of the life history | 
of a Mexican palm. Such sophisticated I 
analyses do not exist even for the tem- P 
perate-region trees and make a good be- V 
ginning for tropical trees in the field of # 
population dynamics. 

Givinish and Ashton, in discussing I 
variation in leaf form and crown charac-1. 
teristics, respectively, demonstrate a fresh I 
approach to morphology by examining I 
variations in form as adaptions to relevant I 
ecological parameters. Jenik’s account of I 
roots and root systems somewhat balances I; 
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the emphasis on above-ground parts in 
other chapters. Not only does Jenik pro¬ 
vide a workable classification system but 
he also examines the environmental fac¬ 
tors that influence root morphology. The 
dynamics of tree communities is discussed 
in several papers, which stress the im¬ 
portance of light gaps in maintaining 
tropical forests as a mosaic of successional 
patches and support the view that turn¬ 
over rates in tropical forests are higher 
than in extratropical forests. 

The book clearly demonstrates how 
little we know about the main constitu¬ 
ents of tropical vegetation as well as how 
far we have moved during the last two 
decades. More important, many contrib¬ 
utors show how the development of some 
new and significant concepts in adaptive 
morphology, ecology, and evolution can be 
directly traced to the studies of tropical 
trees. Without a doubt, concepts in orga- 
nismic and evolutionary biology will 
continue to be enriched as tropical or¬ 
ganisms and communities are studied 
more extensively. But the overriding 
challenge biologists face is not whether 
they can come up with more new and ex¬ 
citing ideas from tropical studies but 
whether the continuing devastation of 
tropical forests can be slowed so that there 
might be time to pursue the manifold 


complexities and interactions of tropical 
organisms. Perhaps the ultimate value of 
this collection of stimulating papers lies 
in demonstrating what fascinating and 
productive biological investigations we are 
bound to lose if this challenge is not 
met.—if. S. Bawa, Biology, University of 
Massachusetts, Boston 


Theoretical Systems Ecology: Ad¬ 
vances and Case Studies. Kfraim Hal- 
fon, ed. 516 pp. Academic Press, 1979. 
$43. 

This volume aims to present the con¬ 
temporary theoretical underpinning of 
systems ecology, The first set of chapters 
deal with the fundamental problem of the 
appropriate choice of aggregate variables 
and the relations between this choice and 
sampling activities. Second, there are 
discussions of various formalisms and 
approaches to modeling (hierarchy theo¬ 
ry, structure and stability of models). The 
third section treats special methodologies 
and computer techniques, and the fourth 
section gives examples of model analyses 
and some discussion of stability and 
general systems properties. 

Among the excellent individual chap¬ 
ters are: Ulanowicz on chaos (the phe¬ 


nomenon whereby simple deterministic 
models can generate apparently random 
dynamical behavior) and its implications; 
•Siljak on the relation between "loosely., 
coupled subsystems" and the structure 
and stability of ecosystems; dale and 
Oddi on the kinds of error introduced by 
the aggregation process; Watson and 
Loucks on turnover times (in lake eco¬ 
systems) and their relation to overall 
system properties; Webster's review of 
hierarchy theory; and Gob's review of 
optimal control and of robust stability 
concepts, 

In general, the book conveys a good 
sense of^an interesting discipline, with 
many different approaches and new ideas 
fermenting together. Detailed discussion 
of.specific applications has been avoided, 
which may he a pity, as some well-chosen 
examples might have helped to show that 
the vats are beginning to produce drink¬ 
able wine. 

My one substantial criticism of this 
book is generic to most such volumes. 
Although many chapters are lucidly 
written, others could have been improved 
significantly by competent copyediting. 
Unfortunately, the quality of too much of 
the prose is foreshadowed in a sentence 
from the dust-jacket blurb: "it is also a 
purpose of the hook to present to seien- 













tists, who do not have the background to 
follow complex mathematical concepts, 
some aspects of systems ecology with 
which they are not familiar in a way they 
can understand and apply.”—.Robert M. 
May, Biology, Princeton University 


An Introduction to the Interpretation 
of Quantal Responses in Biology. P. 
S. Hewlett and R. L, Plackett. 82 pp. 
University Park Press, 1979. $11.95 
paper, 

This book will no doubt be a useful 
reference for experts working in areas of 
binary or qualitative, yes-no, data gener¬ 
ation, as was to be expected from authors 
who are major contributors to the devel¬ 
opment of these methodologies. However, 
the book’s mixture of heuristics and 
mathematics fails to bridge the gap for 
either the nonstatistical biologist or the 
statistician interested in biological prob¬ 
lems, partly because the jargon in this 
field (and book) has diverged from that of 
standard mathematical statistics and 
partly because no "real data” examples 
are included. Thus the average research 
biologist with introductory statistics will 
find, the material difficult and rather ob¬ 
tuse, This barrier is unfortunate, as a 
number of important subjects are dis¬ 
cussed, including the dose-response be¬ 
havior of heterogeneous populations, One 
hopes the researcher in need of this in¬ 
formation will have the perseverance and 
mathematical background to extract 
it Temple F, Smith, Biophysics, 
Northern Michigan University 


Aquatic and Wetland Plants of 
Southeastern United States: Mono¬ 
cotyledons. Robert K. Godfrey and 
Jean W. Wooten. 712 pp. University of 
Georgia Press, 1979, $30. 

. In an era of increasing concern for the 
environment, with an emphasis on eco¬ 
logical impact studies, a book such as this 
is a must for ecologists, botanists, gov¬ 
ernmental agencies, and others. Its aim is 
clearly stated: “to aid in identifying native 
and naturalized monocotyledonous plants 
that inhabit aquatic and wetland places, 
places permanently or seasonally wet.” 
These habitats are many and diversified, 
but well defined. The authors point out 
that the book is not an. ecological study 
but rather a taxonomic-floristic treatise 
of aquatic plants of North Carolina, South 
Carolina, Georgia, Florida, Tennessee, 
Alabama, Mississippi, Arkansas, and 
Louisiana. Taxonomic keys to the fami¬ 
lies, genera, and species are presented, as 
well as detailed descriptions of the taxa, 
We are pleased to note that all keys are of 
the indented type. Neither the cover nor 
the spine of the book indicates that the 


volume treats only the monocotyledonous 
plants, 

The illustrations are impressive, Al¬ 
though not every species is represented, 
the numerous habit drawings, many with 
details of reproductive structures or other 
diagnostic features, aid greatly in making 
the proper identifications. Most of the 
figures of the grass species have been 
taken from Hitchcock’s Manual of the 
Grasses of the United States, while 
throughout, other figures have been bor¬ 
rowed from Clyde Reed’s Weeds of the 
United States and several other pub¬ 
lished sources. However, many illustra¬ 
tions are from the pens of G, W, Reinert 
and Barbara M. Culbertson and a few 
other artists who worked under the su¬ 
pervision of the authors. 

When the proposed second volume of 
this work, dealing with Dicotyledons, is 
completed, we shall have modern taxo¬ 
nomic treatments for aquatic (and wet¬ 
land) plants extending across the entire 
southern part of the Un ited States. Her¬ 
bert Mason’s A Flora of the Marshes of 
California (1957) was followed by CorrelJ 
and Correll’s Aquatic and Welland 
Plants of the Southwestern United 
States, (1972, 1975), which discusses 
plants of Arizona, New Mexico, and 
Texas; now this book extends the cover¬ 
age across the Southeast from Louisiana 
to Florida and up the Atlantic Coast to 
North Carolina. It is to be hoped that the 
present authors will provide a similar 
treatment for the Dicotyledons of their 
am.—-Charlotte G. Reeder and John R, 
Reeder, Herbarium, University of Ari¬ 
zona 


Plants: Basic Concepts in Botany. Wat¬ 
son M, Laetsch. 510 pp. Little, Brown, 

1979. $16.95. 

The author states that this introduc¬ 
tory botany textbook is intended either 
for students fulfilling a liberal arts science 
requirement or for the prospective science 
major. I believe this well-written book 
serves its intended purpose. The impor¬ 
tant areas of botany are covered, although 
not in the depth or detail of some large 
introductory textbooks. The writing is 
clear, interesting, and informative. The 
student is not overwhelmed with technical 
terms, yet the scientific vocabulary is 
sufficient to provide accurate explana¬ 
tions and descriptions. The approach is 
organismic rather than molecular or cel¬ 
lular, but the pertinent information on 
pells and molecules has been skillfully 
integrated into various parts of the book, 
particularly in the chapters on structure 
and function. 

In addition to botanical concepts, the 
author has emphasized the relationship 
of plants to human culture. One chapter 
traces the origin and development of ag¬ 
riculture, while another discusses some of 
the major crops used by man. Certain 


chapters, including those on agricultural 
revolutions, genetics, and evolution, are 
treated from the historical perspective. 
The author punctuates these chapters 
with insights into the lives of the re¬ 
searchers involved, 

The examples throughout the text have 
been thoughtfully chosen, some even from 
the animal world, such as marsupials to 
illustrate adaptive radiation. Consider¬ 
able attention has been paid to the nu¬ 
merous illustrations, which are both in¬ 
formative and attractive. 

Ten of the 15 chapters are followed by 
supplements, more detailed essays on 
selected topics—for example, medicinal 
plants, pjastids, and a profile of Charles 
Darwin. An interesting section on super¬ 
market taxonomy uses familiar plants to 
exemplify the distinguishing features and 
diversity of monocots and clients. 

My only criticism is for the rather su¬ 
perficial survey of the plant kingdom. 
However, the positive aspects of the book 
far outweigh this possible drawbnek, 
making this a text certainly deserving of 
serious consideration, particularly for a 
one-semester course in introductory 
botany.—Terry R. Webster, Biology, 
University of Connecticut 


Epidemiology and Plant Disease 
Management. Jan C. Zadoks and 
Richard D. Schein. 427 pp. Oxford 
University Press, 1979. $19.95 cloth, 
$8.95 paper. 

The management of any complex phe¬ 
nomenon requires understanding its 
component parts) and how they interact to 
affect the whole. To the uninitiated, sick 
plants are simply the result of infection, 
and disease management is any strategy 
aimed at eliminating the pathogen. In 
fact, plant disease is a good deal more 
complicated than this. Epidemiology is 
the study of how and why disease out¬ 
breaks occur and how they spread, It ex- 
plores and reveals the factors responsible 
and has predictive value in telling farmers 
when to spray fungicides and plant 
breeders what strategies to employ, in 
breeding for disease , resistance. Zaduks 
arid Schein have produced an impressive 
and refreshingly new treatment. They 
begin with the premise that plant diseases 
are part of nature and must he lived with 
in a sometimes uncomfortable compro¬ 
mise, recognizing that overcontrol is as 
foolhardy as undercontrol. In three parts, 
the book deals first with what happens in 
the span of one infection cycle. Part 2 
covers the complexities of population 
dynamics and the way individual cycles 
coalesce with chains of events. The last 
part tackles disease management and the 
significance of agriculture as a man-made 
ecosystem. 


As a geneticist and plant breeder, I 
found the book a most useful introduction 
to the tools and concepts of the epidemi¬ 
ologist. But I found rather few answers to 
the current dilemmas of the plant breeder 
in considering the relative merits of 
durable resistance (not mentioned), ac¬ 
cumulation of partial resistance, and 
varietal mixture and multilines as strat¬ 
egies. It seems the impact of host-patho¬ 
gen population genetics on epidemiology 
has still to be fejt and assessed. But this 
aside, the. book sparkles with the insight 
the authors bring to bear on relationships, 
reducing tfiem to mathematical simplic¬ 
ity. |)ven the pedantry can be forgiven— 
the insistence on dimensions—for the 
understanding this book makes possible. 
It will he indispensable as a teaching 
ml—Peter Day, Plant Breeding Insti¬ 
tute, Cambridge, England 


The Natural Vegetation of North 

America: An Introduction. John L. 

Vankat. 261 pp, Wiley, 1979. $8.95 

paper, 

Although vegetation dominates much 
of the world’s land surface and provides 
people with food, fiber, and energy, its 
importance is hardly recognized in tech¬ 
nological societies. Vankat attributes this 
to the fact that the vast majority of the 
people of these societies are isolated 
mentally and physically from the natural 
environment. This excellent and clearly 
written little book can do a great deal to 
bridge this gap, at least for North Amer¬ 
ica. The'first section outlines some basic 
principles of vegetation science, while the 
longer second section discusses the major 
kinds of terrestrial vegetation of North 
America, There are a few errors, such as 
the statement that alders are legumes, but 
basically this book is a fine introduction 
to the vegetation of North America.- 
Graeme Berlyn, Forestry and Environ¬ 
mental Studies, Yale University 


Bumblebee Economics. Bernd Heinrich. 

245 pp. Harvard University Press, 1979. 

$17.50, 

For both professionals and amateurs, 
the core of this book is an excellent syn¬ 
thesis of bumblebee economics. Eco¬ 
nomics is the study of the acquisition or 
production, distribution, and consump¬ 
tion of goods and services. Bumblebees 
are Heinrich’s tool for presenting a variety 
of ideas, but his methods are applicable to 
other social insects. The title of the core 
of the book could have been "Economics 
of Social Animals, Using Bumblebees as 
an Example.” He likens a colony in its 
nest to a fortified factory, from which fo¬ 


ragers sally forth to gather food, and in 
which food is converted to the factory’s 
product: reproduetives, A worker (ma ¬ 
chine) must harvest enough resources to 
repay the colony for producing il. and for 
supporting its continued life and in ad¬ 
dition must bring in resources that can be 
used in producing reproduetives. 

Expenditures are required for such 
things as food to fuel foraging flights, to 
heat up the flight motors of the foragers, 
and to warm the nests. Foraging behavior 
and a cost-benefit analysis thereof are 
among other materials well treated in this 
book, which makes available, in easily 
understood form, the content of nearly 20 
papers by Heinrich on bumblebees, 
mainly on their thermoregulation and 
foraging. Bringing this material together 
in an interesting form with enough data 
(mostly in the form of graphs) to be con¬ 
vincing is a major service. 

The first chapter, on the colony cycle, 
is necessary background, The last chap¬ 
ters, on such topics as pollination and 
coevolution, may serve the same purpose. 
They only hint at the wealth of informa¬ 
tion in the literature, 

An Appendix on how to rear bum¬ 
blebees will be valuable, Another Ap¬ 
pendix lists North American species, and 
a double color plate illustrates the 
American species .-Charles I). Michmer, 
Entomology, University of Kansas 


Invertebrate Structure and Function, 

2nd ed, E. J. W. Barrington. 765 pp, 

Halsted Press, 1979. $27.50, 

This book is an artful blend of the im¬ 
portant concepts of traditional zoology 
courses with the more recent discoveries 
in biochemistry, embryology, physiology, 
endocrinology, and behavioral ecology, as 
they pertain to invertebrate animals,The 
text is not organized along phylogenetic 
lines; instead the chapters fall into 
broader groupings of cell biology, the dy¬ 
namics of locomotion, physiology, neural 
physiology and the transfer of informa¬ 
tion, reproduction and life cycles, and 
behavioral ecology, including both intra- 
and interspecific cooperation, colonialism, 
and symbiosis. 

Some of the chapters do not appear to 
have been revised or brought up to date in 
the second edition. The chapters on nu¬ 
trition focus on modes of feeding and not 
on nutrition from the view of essential 
requirements as opposed to an organism’s 
biosynthetic abilities; not do they include 
recent work on the uptake of dissolved 
organic matter by marine invertebrates 
reviewed by Jorgensen (1976). Since there 
is little more than a two-sentence refer¬ 
ence to proposals of the origin of cell or¬ 
ganelles via symbiotic relationships be¬ 
tween protozoa and bacteria, as proposed 
by Margulish, one suspects that Bar¬ 


rington prefers to exclude topics that may 
be controversial. 1 Imvever, the discussion 
of insect flight appears current mid is 
fascinating to read, and the chapter on 
chemical coordination includes a discus¬ 
sion of pheromones and allelochemicak 
The author refers to recent papers on the 
evolution ol life histories, hut his chapter 
mi the life histories of marine benthic 
species whose larvae are planktonic is not 
cast in a theoretical framework, None¬ 
theless, ecologists will encounter some 
very interesting material cm complex life 
cycles. 

This hook integrates many areas of 
biology in a sophisticated, well-organized 
volume, The detail is reminiscent of The 
lnwiiehmla, though Barrington has a 
more interesting style, The hook is an 
excellent text lor an advanced course in 
biology of the invertebrates and should 
also be used ns an introduction and ref¬ 
erence for teachers and research scien¬ 
tists. Clyde E. (hidden, Limnology nnd 
Ecology, Academy of Natural Sciences, 
Philadelphia, and University of Penn¬ 
sylvania 


The Invertebrates, R, McNeill Alexan¬ 
der. 502 pp. Cambridge University 
Press, 1979. $49,50 doth, $10,95 
paper. 

Breaking with the tradition that the 
cent ral concern of invertebrate zoology is 
phytogeny and systematic,s, Alexander 
has produced a stimulating undergrad¬ 
uate text that emphasizes functional 
morphology and comparative physiology, 
Each phylum, starting with the Protozoa, 
is briefly defined and then discussed in 
terms of major research insights into (he 
unique features of the group. Methods of 
locomotion, feeding, water balance, and 
respiration are particularly well surveyed, 
and a wide array of topics such as sensory 
physiology, reproduction, and develop, 
inent are also covered. Experimental 
techniques and elementary mathematical 
treatments arc explained for many of 
these topics. 

Any single volume rat the invertebrates 
is inevitably eclectic. Instead of yet an¬ 
other description of orders and families, 
Alexander has given us a judicious sam¬ 
pling of what is best understood at 
present about each phylum, and his se¬ 
lection of topics largely succeeds in sum¬ 
marizing the last two decades of inverte¬ 
brate physiology and functional anatomy. 
Missing, however, is n discussion of the 
central nervous system; Aplysk is men¬ 
tioned only as an intact animal. 

In the teaching of invertebrate zoology, 
this text will certainly update and stim¬ 
ulate the instructor, hut, for the student, 
a good measure of field or laboratory ex¬ 
perience with these phyla is necessary to 
appreciate fully the research emphasis of 
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the book. It is best suited for an advanced 
course in experimental invertebrate 
zoology.— Daryl Sweeney, Ecology, 
Ethology, and Evolution, University of 
Illinois 


Marine Organisms: Genetics, Ecology, 

and Evolution. Bruno Battaglia and 

John A. Beardmore, eds. NATO Con¬ 
ference Series, 4: Marine Sciences, 2. 

757 pp. Plenum, 1978. $49.50. 

Much of this volume is devoted to un¬ 
derstanding patterns of genetic, particu¬ 
larly electrophoretic, variation, The roles 
of selection (for specific alleles or char¬ 
acters and flexibility per se) and gene flow 
(as influenced by geographic distance 
larval dispersal) are emphasized, while 
neutralist hypotheses are largely ignored. 
A number of papers apply population 
genetics to systematics or practical 
problems, and there are also discussions 
of sex determination, breeding systems, 
sibling species, species diversity, and 
chromosomal patterns. Over two-thirds 
of the papers concern invertebrates. 

The papers are generally well written, 
and most have comprehensible and in¬ 
formative summaries. Many contain sig¬ 
nificant amounts of otherwise unavailable 
or widely scattered material. The theo¬ 
retical papers are largely disappointing in 
this regard, however, as few new per¬ 
spectives of general significance are pre¬ 
sented. 

The most distressing aspect of the re¬ 
search presented here is the careless way 
in which relationships between genetic 
and ecological trends are derived, Larval 
rearing difficulties should not be 
thoughtlessly used to justify the absence 
of breeding studies to back up electro¬ 
phoretic data. The casual ecological 
characterization of poorly known envi¬ 
ronments is even worse, because species 
living in better-known areas could be 
studied genetically. Although the genetics 
of marine organisms are poorly under¬ 
stood when compared to Drosophila, the 
relevant ecological pressures have the 
potential to lead to a clearer definition. 
Battaglia’s studies, for example, form the 
basis for a rigorous, combined genetic/ 
ecological approach. 

Marine organisms have common at¬ 
tributes, but their genetics, ecology, and 
evolution are extremely diverse.. The re¬ 
sulting lack of thematic coherence in this 
volume is aggravated by the symposium 
format—33 papers grouped under five 
somewhat arbitrary headings, with no 
unifying commentary. Thus this book will 
be most valuable to marine biologists 
needing an up-to-date summary of marine 
population genetics; it will be less useful 
to those who define their interests theo¬ 
retically.— Nancy Knowlton, Biology, 
Yale University 


The Gannet. Bryan Nelson. 336 pp. 

Vermillion, SD: Buteo Books, 1978. 

$25. 

Here is everything you wanted to know 
about Sula bassana but were afraid to 
ask, from growth of the middle toe to 
metaphors in Beowulf. Tables document 
the 34 colonies and 213,000 pairs of this 
best-censused seabird, with text and il¬ 
lustrations leading from morphology 
through behavior and ecology to the 
gannet’s influences upon man (and vice 
versa). The writing is technical, often 
vague, and sprinkled with idiomatic an- 
glicisms and unfamiliar abbreviations 
(such as RSPB). Literature is inexplicably 
parsed into numbered References, chro¬ 
nological Annotated Select Bibliography, 
and alphabetical Bibliography, with 
equally puzzling citations in the text. One 
works hard to read this monograph. 

As an assembly of facts the book does 
well, but as an interpretative synthesis it 
stumbles. One wishes repeatedly that 
more general biology had been brought to 
bear, Discussions of coloration and ther¬ 
mal regulation show little understanding 
of heat-transfer mechanics. Head-shak¬ 
ing—common in gulls to dispel salt-laden 
moisture from the nasal glands—is dis¬ 
missed as ridding the bill of dirt (without 
mention of whether gannets even have 
nasal glands). Males generally have spe¬ 
cial organs or behavior for holding on 
during copulation, and the gannet’s way 
is biting the female’s neck feathers, Why 
then is neck-biting during courtship 
considered aggressive? Indeed, behavioral 
interpretations are weak throughout. The 
author repeatedly (and I think unfairly) 
ridicules the views of Armstrong, who 
wrote in the 1940s, but Nelson’s own 
framework is that of the 1950s, and re¬ 
flects little of contemporary communi¬ 
cation-analysis or social ethology. 

Although unlikely to find an honored 
place beside Tinbergen’s classic Herring 
Gull's World, this monograph will be a 
useful reference for those of us who love 
seabirds. Nelson’s outstanding photo¬ 
graphs and the enchanting sketches jus¬ 
tify owning this volume, even if the text is 
never read.— Jack P. Hailman, Zoology, 
University of Wisconsin 


Reproductive Ecology of Marine In¬ 
vertebrates. S. E, Stancyk, ed. Belle 
W, Baruch Library in Marine Science, 
9.283 pp. University of South Carolina 
Press, 1979, $27,50.. 

These 19 papers, presented at a sym¬ 
posium held in May 1977 to honor Arthur 
C. Giese, are loosely grouped under the 
headings egg size and nutrition; recruit¬ 
ment, survival, and distribution; envi¬ 
ronmental effects on reproduction; and 
reproductive patterns in the marine en¬ 
vironment. The contributions are ex¬ 


tremely diverse, whether one considers 
the level of organization studied (the 
subcellular to the population level), the 
taxonomic group (gorgonians, poly- 
chaetes, bivalves, gastropods, cephalo¬ 
poda, barnacles, stomatopods, echinod- 
erms, ascideans, and fish), or the habitat 
examined (ranging from the intertidal to 
the deep sea and including habitats for 
both hard-surface and infaunal organ¬ 
isms). The amount of original data in¬ 
cluded in each paper also varies consid¬ 
erably. 

All the authors have striven to place j 
their results in a more general context, j 
taking into account the phylogenetic j 
constraints of the group with which they j 
work, and a number have taken as their j 
theoretical starting point Stearns’s 1976 | 
review of the evolution of life-history | 
tactics. Despite these efforts, no clear-cut 
generalizations or new insights emerge ; 
from the volume as a whole, and the edi- ; 
tor’s summary reflects this. It appears 
rather that this field is still at the point 
where improved culture techniques and j 
laboratory and field experiments are ? 
combining to produce exciting new j 
data. 

Many of the papers show that the se- f 
lective forces acting on the planktonic | 
larval stage, which in some species may f' 
last as long as the postmetamorphic 1 
phase, remain poorly understood. How- r 
ever, given the recent advances in labo¬ 
ratory culture of marine invertebrates, the : 
previous intractability of this life-history ; 
stage to experimentation should no longer - 
be an obstacle. 

Together with Chia and Rice’s Settle- ■/. 
ment and Metamorphosis of Marine In- ■ 
vertebrate Larvae (Elsevier, 1978), this 
volume provides a representative picture f 
of the field. It is a vital tribute to Arthur | 
C. Giese.— Judith P. Grassle, Marm | 
Biological Laboratory, Woods Hole 

' 

i. 

’ ■ ■{■ 

Lizards: A Study in Thermoregulation, j 

R, A. Avery. Institute of Biology's, 

Studies in Biology, 109.56 pp. Univer- j 

sity Park Press, 1979. $4.95 paper. 

This booklet is one of a series that at-1 
tempts to meet the need for up-to-date I 
textbooks on a wide variety of biological |. 
subjects. The intended audience appears f 
to be the advanced undergraduate. The I 
treatment is probably too advanced fa I . 
first-year biology courses and is rather § 
narrow in scope, yet the book lacks the l 
sophisticated literature analysis needed ) 
for a graduate-student audience. It would ; 
probably be most effective for ecology and j 
herpetology classes or perhaps as an easy : 
introduction to some aspects of physio-1 
logical ecology for beginning graduate 
students or faculty. 

Lizard thermoregulation is certainly of 
widespread interest, but the large scien- ; 
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tific literature is only briefly alluded to in 
the text. In fact my major criticism is that 
complex issues are often oversimplified 
and few references are made to papers 
presenting contrasting views. For exam¬ 
ple, in two chapters the relation between 
the preferred body temperature and en¬ 
zymatic rates is mentioned, yet no cita¬ 
tions are given, No reference is given for 
the particularly interesting example of 
heat production by the incubating py¬ 
thon. Only a single 1972 paper is cited in 
a 1‘A-page blitzkrieg dealing with the 
highly controversial issue of dinosaur 
endothermy—in my experience a topic 
that greatly excites student interest and 
that deserves a detailed consideration of 
all points of view. More attention is also 
devoted to the author’s own studies and 
to unpublished projects of his students 
than seems warranted. 

It is unfortunate that the author has 
not read more widely in the literature of 
reptilian physiology, since a narrow and 
distorted view is presented of the rela¬ 
tionship between thermoregulation, res¬ 
piration, and water balance. We read, for 
example, that “the skin is not used to any 
significant extent as a respiratory 
organ”—a completely false statement. 
Recent evidence has shown that even in 
terrestrial reptiles large amounts of car¬ 
bon dioxide are exchanged across the skin, 
while in some aquatic reptiles consider¬ 
able dermal oxygen exchange may also 
occur. Conclusive evidence demonstrating 
significant water loss across the skin of 
terrestrial lizards and the well-known 
effect of temperature on dermal and 
pulmonary water loss have also been ig¬ 
nored. Nor is mention made of the im¬ 
portance of salt glands and cloacal urates 
to water conservation and thermoregu¬ 
lation in desert lizards, 

There is no index and only 38 refer¬ 
ences, but despite the high price and the 
serious flaws mentioned, this little book 
will serve a need, at least temporarily. 
Perhaps it will cause enough outrage 
among comparative physiologists whose 
important papers were not cited to stim¬ 
ulate one of them to compile a more au¬ 
thoritative account.— William A. Dun - 
son, Biology, Pennsylvania State Uni¬ 
versity 


Neural Mechanisms of Behavior in the 
Pigeon. A. M. Granda and J. H. Max¬ 
well, eds. 436 pp. Plenum, 1979. 
$42.50. 

As if we were not already deeply in¬ 
debted to the Columbidae for the faithful 
delivery of urgent messages, the sacrifice 
of fledglings to epicures, and the selfless 

defacing of countless equestrian statues, 

it must be added that these birds also 
have many advantages for studies ofbrain 
and behavior. The present book, which 
derives from a 1977 conference, is con¬ 


cerned principally with bird navigation, 
visual psychophysics, and the structural 
and functional organization of the eye and 
visual nervous system. The 22 contribu¬ 
tions range from rather detailed descrip¬ 
tions of individual experiments to brief 
overviews of extensive research programs; 
inevitably, many papers are of limited 
scope and are likely to be of interest pri¬ 
marily to other specialists, while a few 
touch on topics of broader appeal. 

The sensory world of pigeons is re¬ 
markably catholic: these animals can ap¬ 
parently use very small differences in 
magnetic fields (down to 10" ;, G), gravi¬ 
tational forces, barometric pressure 
(equivalent to only a 5-10m change in al¬ 
titude), ultraviolet and polarized light, 
and ultrasound (at least down to 0.06Hz) 
to make discriminations. The complexity 
and redundancy of these available and 
relevant cues make the task of under¬ 
standing the mechanisms of bird naviga¬ 
tion a particularly difficult one, Pigeons, 
no less than other birds, rely heavily on 
vision and possess a highly specialized 
visual system. 

The retina has many types of cones 
containing oil droplets with a variety of 
visual pigments; according to one con¬ 
tributor,pigeon vision is at least panta¬ 
chromatic. Electrophysiological record¬ 
ings from the retina, thalamus, and 
telencephalon reveal the presence of units 
with quite complex visual receptive fields 
at all levels and support the notion of 
parallel pathways for visual processing. 
There can now be little question that 
complex visual behaviors in birds are 
mediated not only by the large optic 
tectum but by thalamic and forebrain 
structures as mll-Thomas Parks, 
Anatomy, University of Utah 


Cloning: Nuclear Transplantation in 

Amphibia. Robert Gilmore McKinnell, 

319 pp. University of Minnesota Press, 

1978. $22.50. 

Amphibian nuclear transplantation, 
developed by Briggs and King, is a type of 
cloning used to study the mechanisms of 
cell specialization and has also.been ap¬ 
plied to problems in genetics, immunol¬ 
ogy, cancer, and aging. McKinnell covers 
these subjects well but concentrates on 
the theory of nuclear equivalence, i.e. 
whether the genetic complement of nuclei 
of specialized cells is equivalent and 
whether the nucleus of a specialized cell 
can substitute for the zygote nucleus and 
promote normal development of the egg! 
This is the central question in develop¬ 
mental genetics. Although this question 

is still unsolved, the belief has developed, 
in both the scientific and lay communi¬ 
ties, that amphibian nuclei of specialized 
cells after transplantation into eggs pro¬ 
mote normal development, This belief is 
not true. No nucleus of an adult cell has 


Splendid Isolation 

The Curious History of South 
American Mammals 

George Gaylord Simpson 

In this hook America’s leading 
paleontologist: traces the origins and 
histories of a group of animals that 
lias intrigued scientists for centu¬ 
ries. Illustrated with striking 
sketches and restorations of t hese 
odd creatures, hotli living and 
extinct, the hook captures the fasci¬ 
nation of their story and clarifies 
the incomparable role it plays in an 
understanding of the process of 
evolution. 43 illus, $17.50 



Biosocial Mechanisms 
of Population 
Regulation 

edited by Mark Nathan Colton, Roy 
S. Malpuss, uud Hamid ( J, Klein 
Foreword by G. Evelyn Hutchinson 

This hook addresses vital questions 
on tile issue of overpopulation: Why 
are human populations not effee- 
lively self-regulating? By what 
mechanisms do some animal popu¬ 
lations achieve or approximate 
homeostasis? J s it valid to seek: 
homologies or analogies between 
animal and human behavior, as 
socioblology is doing, and what 
implications can he seen for human 
population policy? In sixteen orig¬ 
inal papers of great theoretienJ us 
well as practical importance, 

. researchers in biology, antliropol- 
ogy, and psychology provide com¬ 
parative analyses of these problems. 
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yet led to a normal adult frog. There have fields traveling under the family name of life’s descent; after all, living organisms > 
been claims that a few nuclei from larval population biology: the evolution of be- constitute only a single frame in a very : 

cells can lead to the formation of fertile havior, the evolution of sex, and the evo- long movie. Yet there is little unity among ' 

adults, but whether the donor cells were latum of life-history traits. Each borrows paleontologists in their approach to de- h 

specialized is equivocal. insight from its siblings, and all share a termining the degree of relatedness [. 

McKinnell, an important contributor common general problem and methodol- among fossil species. Phylogenetic anal- j' 
to the field, is well qualified to review ogy. The problem is to predict what ysis, or cladistics -clades are groups 
amphibian cloning. His coverage of the measurable traits—behavioral, sexual, or unified by their common origin—is one of 
history of nuclear transplantation and life-historical—will evolve in any partic- several methods used for interpreting : 
amphibian cloning is extensive and ular real situation and to achieve a general relatedness. Cladistic analysis departs ; 
scholarly. He emphasizes that the number classification of situations that reduces f^om other methods by focusing not on : 
of totipotent nhclei decreases progres- the complex diversity of habitats to overall similarity among taxa (based’oh ail , 
sively with the onset of cell determination, manageable' terms. The methodology available morphologic features) but rather i. 
and, in some cases, nuclear transplants produces testable hypotheses based on on derived similarity (based only oil 1 
from endodermal and neural nuclei ex- optimality theory, evolutionarily stable shared evolutionary novelties). , I 

hibit stable and characteristic restrictions, strategies, and the comparative ap- In August 1977 practitioners of more f 
indicating that the processes underlying proach. • ' r “traditional' 1 methods met with cladists I 

cell differentiation are highly stabilized. No other book so competently captures in Lawrence, Kansas. Five papers were • I 
It is equally impressive that a few nuclei the excitement, achievements, and pros- followed by an evening session with two f 
from adult tissues and the kidney carci- pects of contemporary population biology, commentary addresses and several Hours I 


noma are pluripotent, since they have 
sufficient genetic information to promote 
the development of abnormal larvae, 
Thus, these nuclei can spepify many other 
cell types different from the phenotypic 
cell type from which they originated. 

The author also reviews the role of the 
egg cytoplasm and points out that im¬ 
portant molecular cues in the cytoplasm 
are responsible for directing the new 
functions of transplanted nuclei, Even 
nuclei that do not promote normal de¬ 
velopment of the egg do undergo impor¬ 
tant molecular changes in the egg' such as 
initiation of DNA synthesis and nucleo- 
cytoplasmie exchange of proteins. How¬ 
ever, the evidence is not yet available to 
determine whether the stable genetic 
changes undergone by nuclei during the 
acquisition of cell specialization are 
completely reversible, and this question 
remains an important one in the bio¬ 
medical sciences, 

McKinnell has performed an important 
service for both scientists and nonscien¬ 
tists in his well-balanced and critical re¬ 
view of amphibian cloning, and at a time 
when both groups need an accurate ac¬ 
count‘of the applications of nuclear 
transplantation studies to evaluate the 
erroneous and exaggerated notions of 
cloning that have been perpetrated upon 
the public. A series of appendixes on how 
to clone amphibians is included for the 
researcher, The book is clearly written, 
superbly illustrated, and contains an ex¬ 
tensive bibliography and index.— Marie 
A. DiBerardino, Anatomy, Medical Col¬ 
lege of Pennsylvania 


Behavioural Ecology: An Evolutionary 
Approach. J. R. Krebs and N. B. 
Davies, eds, 494 pp. Sinauer, 1978. $34 
cloth, $17.50 paper. 

. Between 1965 and 1975, theoretical 
ecology, population genetics, ethology, 
and theoretical' evolutionary biology 
fused, The progeny of this four-way 
mating now include at least three new 


As the title indicates, the emphasis is on 
behavior, but the evolution of sex is well 
treated, and ideas on life histories are 
represented. Kin selection and inclusive 
fitness, the revolutionary insights of 
population biology, find central roles in 
many of the 14 chapters, whose authors 
are among those leading their fields.’They 
have reviewed the states of their respec¬ 
tive arts in a balanced fashion. I recom : 
mend especially the chapters by Krebs on 
optimal foraging, Bertram on the offen¬ 
sive and defensive advantages of liymg in 
groups, Smith on sex, and Emlen on co¬ 
operative breeding for their' explicit 
statements of alternative hypotheses, 
(But lack of mention implies no cen¬ 
sure.) ’ 

In fields with broad implications for 
sensitive issues, one must be especially 
cautious in admitting evidence and in 
promoting ideas past provisional status, 
For the most part, the authors have han¬ 
dled these problems with discretion while 
preserving the sense of excitement that 
accompanies new ideas. As for life histo¬ 
ries, the skeptical discussion of r- and 
/{-selection is valuable and would be more 
so if buttressed by an equally detailed 
examination of alternative explanations. 
This book would make an excellent focus 
for a one-semester graduate seminar and 
could be used as either primary or secon¬ 
dary text for an upper-division under¬ 
graduate course in population biology. It 
also provides a pleasant way for over¬ 
worked faculty to bring themselves up to 
date. I recommend it: I am going to use 
it.— Stephen C. Stearns, Biology, Reed 
College 


Phylogenetic Analysis and Paleonto- 
: logy. Joel Cracraft and Niles Eldredge, 
eds. 233 pp, Columbia University Press, 
1979. $22.50 cloth, $9 paper. 

Oscar Wilde would have been justified 
in observing that paleontologists are di¬ 
vided by a common interest in the history 
of life. The fossjl record is certainly the 
broadest and most direct reflection of 


of heated argument. Those seven papers, j 
with introductory remarks by the editors, j 
both proponents of phylogenetic analysis, r 
are arranged as. a symposiura/debate'in ! 
this small volume. Although the opposing j 
viewpoints, are more'fully developed f 
elsewhere, these papers provide useful j . 
summaries of and introductions to a 
larger body of literature. ’ 

The guidelines for the debate were ei- j 
ther poorly drawn or disregarded, since I 
the four cladists and three “traditional- j 
ists” argue past each other about separate 1 
subjects. Some authors discuss discretely j 
varying morphologic features, such’ as f 
numbers of trilobite spines; others use | 
continuously varying features, such as | 
body size; too often' only hypothetical | 
features are used on diagrammatic linea- \ 
ges. Philosophical rigor of the hypothet- | 
ico-deductive method and a modem J 
speciation model are the mainstays of the f 
argument for phylogenetic analysis pre- f 
sented by Gaffney and Cracraft. The ad- | 
vocates of noncladistic methods do not f 
counter these arguments directly but offer 
alternative opinions based on. inductive | 
reasoning (Gingerich) and practical field 
experience (Boucot). Many important j 
issues, such as similarity due to a common ■ 
function performed by unrelated taxa : 
(parallelism or convergence), are over- I 
looked or treated by only a single de-1 
hater. I 

One subject treated by members of I 
opposite camps is the role of relative I 
stratigraphic position in determining | 
ancestor-descendant relationships, j 
Gingerich argues that the best local fos-1; 
siliferous strata present a recoverable | 
sequence of ancestors in the oldest beds I 
and descendants above; lines of descent | 
can be drawn according to overall simi- f 
larity between occupants of adjacent } 
levels, Cracraft and Gaffney do riot use I 
relative stratigraphiic position in forming § 
or testing hypotheses of relatedness.-la 
the most intriguing; reasonable, andeml', 
tertaining essays of the hook, liretsky and I 
Eldredge do greater service to the issue by I 
considering possible pitfalls in this 1, 
method and their significance. ' 


The principal value of this book is as a 
milepost in the development of paleon¬ 
tology as a biological discipline, for in 
defending their individual approaches to 
unraveling evolutionary histories of 
species, the participants have expressed 
their attitudes toward various species 
concepts and speciation models. Seven 
paleobiologists have attempted to bring 
their methods of collecting fossils, de¬ 
scribing and analyzing them, and recon¬ 
structing their evolutionary histories into 
harmony with modern views of the mi¬ 
croevolutionary process .—David E. 
Schindel, Geology and Geophysics and 
Peabody Museum of Natural History, 
Yale University 


Sensory Systems of Primates. Charles 
R. Noback, ed. Advances in Primato- 
logy. 207 pp. Plenum, 1978. $25. 

This volume is intended to be a review 
of recent research advances dealing with 
the sensory systems of primates, espe¬ 
cially those special senses deemed to be of 
paramount significance in primate evo¬ 
lution and adaptive radiation. The major 
part of the volume deals with the olfac¬ 
tory, auditory, and visual systems, but 
brief consideration is also given to vocal 
communication and the relevance of 
endocasts to the study of primate brain 
evolution. 

The overall organization of this work is 
somewhat confusing and the heteroge¬ 
neity of its coverage is distracting. Some 
papers are comprehensive, updated re¬ 
views that are clearly directed toward 
informing the reader about current in¬ 
formation or the lack of it; others are 
general reviews with such broad scope 
that they have little relevance to "recent 
advances” or to "primates”; and others 
included are research reports. 

The volume appears to be written 
mainly for primatologists but will also be 
of interest to comparative neuroanatom¬ 
ists. The papers provide much valuable 
anatomical information, and where pos¬ 
sible behavioral and physiological corre¬ 
lates are discussed—0. W, Henson, Jr., 
Anatomy, University of North Carolina 
Medical School 


Fish Physiology, Vol. 8: Bioenergetics 
and Growth. W. S. Hoar, D. J. Randall, 
and J, R, Brett; eds. 786 pp. Academic 
Press, 1979465. 

Review texts are difficult to evaluate in 
respect to their relevance to recent prog¬ 
ress and the applicability of their contents 
to a broader audience. This volume could 
appropriately have been entitled “The 
Physiology of Salmonids, with invited 
commentary on why they cannot be con¬ 
sidered to be a general model for fish 
physiology.” . 


Modeled after Brody’s 1945 Binener- 
getics and Growth of domestic animals, 
the book derives its information primarily 
from the nearest examples we have to 
domesticated fishes—in particular from 
the results of recent decades of research 
into the care and feeding of trouts and 
salmon. Studies of cultured and natural 
populations (or sampled commercial 
species) clearly indicate the strong dif¬ 
ferences between salmonids and most 
other studied fishes. 

Considering the broad scope of this 
text, I would like to have seen a different 
ordering of the material, with the input- 
output orientation of the energetics pro¬ 
cesses more apparent, In Volume 7 of this 
series, the adaptations and energetics of 
locomotion were shown to he relatively 
costly in terms of the daily ration of most 
active fishes in comparison to metaholism 
or to the energy remaining for growth and 
storage. It was surprising to see so little 
attention paid to this generally important 
energetics bookkeeping problem in Vol¬ 
ume 8, which describes the processes of 
"internalized” energy transformation in 
contrast to that dissipated by locomotion, 
heat loss, and excretion processes. 

Sandwiched between discussions of 
energetics and growth lie two very inter¬ 
esting chapters on cytogenetics and pop¬ 
ulation genetics. Their messages are dear 
adjuncts to the other information 
pointing out the differences between sal¬ 
monids and other fishes, 

The chapters on physiological ener¬ 
getics and on environmental factors and 
growth are worthy syntheses of present 
concepts, and combine with Ricker’s ele¬ 
gant discussion of growth rates and 
models to make this text an ever-valuable 
reference. It seems, however, that we have 
a long way to go before we should claim an 
understanding of the suborganismal 
processes leading up to the integrated 
models in these overviews.—Gary D. 
Sharp, Fishery Resources and Environ¬ 
ment Division, Fisheries Department, 
Food and Agriculture Organization 


Animal Behavior: Its Development, 

Ecology, and Evolution. Robert A, 

Wallace. 590 pp. Goodyear, 1979. 

$19.95. 

This volume is presumably intended as 
a textbook for undergraduates, At a time 
when ethology extends from the neuron 
to the social group, genera! texts tend to 
group themselves toward the physiologi¬ 
cal (e.g. Hinde, 1970) or the ecological (e.g, 
Alcock, 1975) ends of the subject. This 
book is of the second type. Only two of its 
32 chapters center on nerves and sensa¬ 
tion, while 17 chapters are largely eco¬ 
logical. Two of these are so strictly eco¬ 
logical that I could find no behavior in 
them, 

Wallace’s book is physically attractive, 
and his style is clear, graceful, and unen¬ 


cumbered. Unfortunately, this admirable 
style cannot overcome poor organization 
and vague concepts, so that the book is at 
best a blunt educational tool. I have three 
main criticisms. 

Much of Wallace’s discussion is out of 
date, and he repeatedly treats valid but 
venerable work as current. We have a hint 
of this when a 1963 contribution is said to 
have appeared “not long ago.” He devotes 
8% pages to Crook and Gartlan’a 1966 
paper on the ecological determinants of 
primate sociality, but fails to deal with 
later well-known studies which super¬ 
seded it. The section titled "Theories of 
Sociobiology” says nothing about theories 
of sociobiology. 

An ethology textbook must give special 
attention to clear definition of basic con¬ 
cepts, and in this the book fails utterly. 
For example, the definition of drive is 
circular, the issue of what constitutes play 
is skirted by a quotation to the effect that 
it is very hard to define, and communi¬ 
cation becomes “any activity that alters 
the behavior of other organisms,” I’m 
afraid the omission of a glossary cannot be 
regretted. Although the figure illustra¬ 
tions are generally good in themselves, 
they are poorly coordinated with the text, 
so that they lack impact and an important 
opportunity is lost .-Christopher K. 
Starr, Entomology, University of 
Georgia 


Captivity and Behavior: Primates in 
Breeding Colonies, Laboratories, and 
Zoos. Joseph Erwin, Terry L. Maple, G, 
Mitchell, eds, Primate Behavior and 
Development, 286 pp. Van Nostrand 
Reinhold, 1979. $22,50, 

As the natural habitat of primates 
gradually deteriorates, their maintenance 
in captivity becomes increasingly impor¬ 
tant to a wide range, of scientists and 
others concerned with these animals. This 
volume seeks to examine the behavioral 
effects of captivity on primates in a way 
that will help those involved with their 
care, Literature reviews cover abnormal 
behavior, attachment, parturition, and 
the history of primate behavior research, 
The experimental chapters deal with the 
behavioral aspects of crowding, response 
to novelty, and environmental enrich¬ 
ment, 

The intended audience lor this book is 
poorly defined, The scientist will not find 
the "laundry list” quality of the review 
chapters particularly interesting, nor does 
it guarantee that they necessarily provide 
information that is not available else¬ 
where, Perhaps the most interesting 
chapter is one by Markowitz which de¬ 
scribes a variety of “occupational thera¬ 
py” devices for animals living in zoos. 
However, the volume as a whole lacks an 
orientation to practical problems which 
would make it particularly helpful to 
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zookeepers and veterinarians. Unfortu¬ 
nately, the numerous, often unfocused 
color photographs do little but elevate the 
price of the book.— Edward Plimpton 
and Leonard Rosenblum, Psychiatry , 
Doumstate Medical Center, Brooklyn, 
NY 


The Struggle for Survival: The Ele¬ 
phant Problem. John Hanks. 176 pp. 

New York: Mayflower Books, 1979, 
$14.95. 

In this concise book, based on years of 
research in the Luangwa Valley of Zam¬ 
bia, John Hanks gives the reasons behind 
the currently restricted distribution and 
alarmingly high densities of the African 
elephant. Those reasons are surprisingly 
few: once humans are implicated, every¬ 
thing else falls into its almost predictable 
place. 

The conceptual framework of the book 
is the "compression hypothesis,” which 
suggests that encroaching human popu¬ 
lations circumscribe areas available to 
wildlife that, without emigration routes, 
inevitably overutilizes them. Culling is 
proposed as the only remedy that can buy 
the time necessary to formulate land-use 
plans which will coordinate the needs of 
both humans and wildlife, 

, At first, it appears that compression 
and the need to cull are not so much con¬ 
clusions as premises. This is not to say 
that Hanks ignores competing hypotheses 
which account for habitat degradation. 
The stable-limit cycle hypothesis, which 
suggests a relationship between elephants 
and forests similar to classical predator/ 
prey oscillations, is described in depth. 
However, a chapter on culling curiously 
precedes those which discuss the param¬ 
eters of age structures, growth rates, re¬ 
production, and mortality which should, 
but really do not, indicate that culling is 
imperative. These chapters are remark¬ 
ably clear, and demonstrate the detailed 
study necessary to determine population 
trends; of particular interest is the inverse 
relationship between recruitment and 
population density, obviously indicating 
a population regulatory mechanism, But 
in and of themselves, these sections 
present little in support of the “com¬ 
pression hypothesis.” Indeed, the author 
subsequently dismisses elephant self¬ 
regulation not as too late (we assume the 
mechanism has always existed) but as 
simply too weak to compensate for pre- 
; suitably abnormal pressures on cramped 
reserves. 

The last chapter emphasizes compres¬ 
sion, finally presenting the necessary ev¬ 
idence of overwhelming human birth rates 
Spied with inefficient land-use prac- 
llpes, One concludes that only man, with 
Blfains.of highly propelled lead poi- 
|f$$g, can save elephants, and all of 
ptdjffe, from man. The subsequent 


arguments for long-term comprehensive 
land-use planning are persuasive, the 
message is urgent, and the figures are 
terrifying.— Allen Reich, Museum of 
Comparative Zoology, Harvard Univer¬ 
sity 


The Origin and Evolution of the Gas¬ 
tropod Family Pomatiopsidae, with 
Emphasis on the Mekong River 
Triculinae. George M. Davis. Mono¬ 
graph 20.120 pp. Philadelphia: Acad¬ 
emy of Natural Sciences, 1979. $12.50 
paper. 

In the early 1970s Rolf Brandt de¬ 
scribed an amazing radiation of minute 
hydrobiid freshwater snails in the 
Mekong Basin, using characters of the 
shell, radula, and external or superficial 
genital anatomy. In this review, based on 
. new collections and more extensive use of 
genital and nervous system structures, 
George Davis attempts to set this radia¬ 
tion within a world context of phylogeny 
and distribution. Considerable emphasis 
is placed on demonstrating conchological 
convergences among components of fresh 
and brackish water faunas throughout the 
world. A brief review of other spectacular 
freshwater snail radiations is included. 

Although rather turgidly written and 
difficult to use without constant reference 
to primary systematic literature, this 
competent treatment contains informa¬ 
tion of importance to everyone interested 
in the evolution of freshwater faunas,— 
Alan Solem, Zoology, Field Museum of 
Natural History 


Enzymatic Reaction Mechanisms. 

Christopher Walsh, 978 pp. W. H. 

Freeman, 1979. $29,50. 

After an introductory course that em¬ 
phasizes intermediary metabolism, stu¬ 
dents of biochemistry are usually im¬ 
pressed by the apparently large number 
of diverse reactions catalyzed by enzymes 
and frustrated by a lack of clear under¬ 
standing as to how and why enzymes ef¬ 
ficiently catalyze them, In a book that is 
ideally suited as a text for a course for 
advanced undergraduate and graduate 
students, Walsh successfully demon-, 
strates that the kinds of chemical mech- 
anisms utilized: by enzymes are perhaps 
surprisingly few in number and can be 
easily understood in terms of the princi¬ 
ples of elementary organic chemistry. In 
fact, when one understands the mecha¬ 
nisms of enzyme-catalyzed reactions, 
metabolism can and does make logical 
sense, 

In many other books on enzymic ca¬ 
talysis, the subject is introduced by dry 
chapters on the kinetics of enzyme-cata¬ 
lyzed reactions and then further devel¬ 
oped by important but often too abstract 


discussions of the various factors that can l 
be utilized by enzymes to bring about ■ 
tremendous acceleration of reaction, i 
Walsh, however, quickly begins the & f 
cussion of specific enzymes and intro. : 
duces kinetics and the other basic toolsof / 
enzymologists as they are needed. Asa 1 
result this book is a pleasure to read, Even' 
very sophisticated techniques of enzy. f 
mology, such as secondary isotopes effects 1 
and stereochemical analyses of chiral I 
methyl groups, are included and, in the 1 
context of pertinent enzymes, are well I 
explained and should be appreciated by \ 
interested students. * r 

Walsh’s book is also valuable as a ref 1 
erence for practicing enzymologists, since • 
many examples of each reaction mecha- ! 
nism type are discussed and pertinent I 
references given. The only fault I can find 1 
is that too many of the references have I 
either incomplete or incorrect authorship § 
or even incorrect pagination. However, 11 
certainly consider it to be the best avail-1 
able for a cogent course in enzymolugy § 
and a welcome addition to the small f 
number of books available on the | 
subject. —John A. Gerlt, Chemistry, Yale | 
University § 


Protein Phosphorylation: The Nature, | 
Function, and Metabolism of Proteins r 
Which Contain Covalently Bound f 
Phosphorous, M, Weller. Pion Ad-: 1 
vanced Biochemistry, 6.577 pp. Aca- f? 
demic Press, 1979. $58. |; 

The field of protein phosphorylation | 
has witnessed a tremendous expansion in ;; 
recent years, primarily because phos | 
phorylation changes the catalytic or reg Y 
ulatory properties of many proteins. Thu f 
volume will serve as a useful reference f(*r U 
scientists interested in. cellular regulatory |; 
mechanisms. No comparable book on this | 
topic is available, and it seems unlikely I 
that such a comprehensive review of the | 
nature, function, and metabolism of the r 
phosphoproteins will appear in the near |: 
future. || 

The major shortcoming of such a |j 
monograph is the inadequate description | 
of the most recent and exciting advanced | 
in this field. The role of protein phos- | 
phorylation in the regulation of protein | 
synthesis, for example, is only briefly re-1 
viewed. These advances undoubtedly tool: | 
place while the book was being written 
but it would have been useful to have ! 
some new material covered in an appen I 
dix. The material is presented in great l 
detail, with over 3,500 references; it it| 
unclear whether so many are necessary tel 
describe the most relevant and significant I 
findings. 

The author seems to have covered most ■; 
if not all aspects of protein phosphoryi- j 
ation, describing often in great detail ex- K. 
perimental observations for which art’ 
tional explanation has not yet been found.) §e 


One example may suffice: after 50 pages 
of extensive description of protein phos¬ 
phorylation in the cell membrane, the 
author concludes in a short paragraph 
that it is not known what role, if any, this 
phosphorylation serves in membrane 
function. This statement, however, may 
represent a paradigm for this area of re¬ 
search, since we know a great deal about 
how and where proteins are phosphoryl- 
ated and relatively little about the con¬ 
sequences of protein phosphorylation for 
some cellular functions. This book makes 
evident how much more we have to 
learn,— C. Baglioni, Biology, PUNY- 
Albany 


Bacterial Metabolism. Gerhard Gott- 

schalk. 281 pp. Springer-Verlag, 1979. 

$19.80. 

This book represents one of the most 
recent efforts to summarize the available 
knowledge of an exponentially growing 
subject. Directed toward students taking 
a course in bacterial physiology, the book 
is well organized, written in clear concise 
language, and superbly aided by 161 il¬ 
lustrations. Using Escherichia coli as a 
model bacterium, the author introduces 
in the early chapters transport mecha¬ 
nisms and energy and biosynthetic met¬ 
abolic reactions found in microorganisms. 
Other aspects of heterotrophic, chemoli- 
thotrophic, and phototrophic metabolism 
are adequately discussed in subsequent 
chapters. Although the book provides a 
rather comprehensive review of bacterial 
physiology, the coverage is superficial. 
Therefore, I feel that the book would be 
most useful primarily as guide or outline 
for someone teaching a course in bacterial 
metabolism; it would have to be exten¬ 
sively supplemented if used as a textbook. 
This book could, however, be valuable to 
students taking general microbiology 
courses, particularly during the discussion 
of microbial metabolism.—Don R. Dur¬ 
ham, Microbiology, Medical College of 
Virginia, Richmond 


Advances in Microbial Ecology, Vol. 3. 

M. Alexander, ed. 225 pp. Plenum, 

1979. $24.50. 

This book deals with four different 
ecosystems: facultatively photoautotro- 
phic metabolism (blue-green algae), 
rumen fermentation, food as a bacterial 
habitat, and the microbial ecology of the 
oral cavity. The reviews are by an inter¬ 
national group of authors, all active re¬ 
searchers and leaders in their fields. This 
volume, like its predecessors, focuses on 
important applied and basic studies in 
microbial ecology. 


Why do you behave the way you do? 

Social Traps 

John G. Cross & Melvin J. Guyer 


Most of us like to think of ourselves as rational people. Yet 
we continually do irrational things. We know of the 
health hazards involved in substance abuse, yet m con¬ 
tinue to smoke and drink and overeat, We know the 
difference between superstition and real danger, yet m 
refuse to walk under ladders and will not cross the path 
of a black cat. Just as a mousetrap entices its prey with at 
tractive bait and the promise of reward, so are people in 
social situations drawn into behavioral traps, And just as 
the trap destroys the mouse, so does the individual caught 
in the trap find himself threatened with the consequences 
of his actions. Social Traps is an analysis of our Irra¬ 
tional moments, drawn from game: theory, economics, 
and psychological learning theory, offering us a mirror by 
which to measure our often self'destructive behavior, 
paper $6.50 


The University of Michigan Press 


The subjects are extremely well cov¬ 
ered, and several of the topics are pre¬ 
sented in historical perspective, an ap¬ 
proach not usually found in this type of 
series. It is a stimulating review and a 
valuable contribution to the expanding 
field of microbial ecology. The volume is 

highly recommended.. Thomas H. 

Grainger, Pocono Hospital, East 
Stroudsburg, PA 


Cancer Care: A Personal Guide. Harold 

Glucksberg and Jack W. Singer. 409 pp. 

Johns Hopkins University Press, 198(1. 

$16.50. 

The authors have written a compre¬ 
hensive, consumer-oriented guide that: 
answers most of the questions cancer pa¬ 
tients and their families either ask or 
would like to ask their physicians. In¬ 
cluded are sections detailing the finances 
of cancer treatment and the types of 
physical and emotional care available to 
patients. Information on specific illnesses 
is comprehensive, current, and easily 
understandable by the layman. I highly 
recommend this book to all cancer pa¬ 
tients as well as to the physicians and 
nurses who care for them.- -Leonard ll 
Farber, MTL, Oncology arid Hematology, 
New Haven, CT 


Cellular Radio biology. Tikvuii Alper, 

32(1 pp. Cambridge University Press 

1979. $39.50 doth, $12.95 paper. 

Dr. Alper 1ms been a leader in l la- field 
of radiation biology for over a quarter of 
a century, and this hook represents lu-r 
mature thoughts mid commentary, Lei d 
be clear from the outset: this hook is not, 
by any .stretch of the imagination, a gen 
oral treatise on cellular rntiiohiology, nor 
is it for tlu* faint •henrted,since it otters a 
heavy diet of biological data, malhemat 
icril curve fitting, and philosophical in. 
lerpretatioM. Dr, Alper focuses on a line 
ited number of issues, centra) to wider 
standing the husk' mechanisms of imho 
lion biology, that have intrigued her 
throughout her long career, Due mimm 
help lmi detect n faint note of riiwije 
poiutmeut, certainly of frustration, lime 
the mechanism of the repair of subletlm! 
damage remains elusive to this tiny, tie 
spile the volume of empirical tiiti* cuS 
Iccicd over the years, 

The obvious weakness of the book is i«s 
obsession with cell death as an end point 
to the complete exclusion of imit at ion anti 
oncogenic traiislortnafion, The develop 
went oi techniques in score these wore 
sophisticated end points in mamimdion 
cells lias broadened the horizons uf m 
diuhiolttgy and produced data that me 
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clearly more relevant to the problem of 
protection from low doses of radia¬ 
tions—yet these results are ignored 
here.. 

Despite this limitation, this book is a 
must for the serious student of radiation 
biology: for the teacher, for the graduate 
student, for the active researcher, The 
in-depth treatment of a limited subject 
matter and the mature commentaries will 
appeal to a specialized and sophisticated 
audience, It is a classic, and represents a 
milestone in the literature of radiobiol- 
ogy—as much for the honest way in which 
it concedes ignorance and defeat as for its 
eloquent descriptions of success. —fine J, 
Hall, Radiology, College of Physicians & 
Surgeons, Columbia University 


Biostatistics in Pharmacology, Vol.,3. 
A, L. Delaunois, ed. International En¬ 
cyclopedia of Pharmacology and 
Therapeutics, 7. 214 pp. Pergamon 
Press, 1979, $50. 

This volume consists of four unrelated 
chapters. The longest gives an introduc¬ 
tion to digital, analog, and hybrid com¬ 
puters, followed by examples of situations 
in which computers can be used to record 
and analyze data and to develop models 
for biosystems. Another chapter discusses 
the use of multivariate analysis for pro¬ 
viding pharmacological profiles of com¬ 
pounds and the use of the APL com¬ 
puter-programing language, with em¬ 
phasis on geometric representation and 
the statistical method of principal com- 
ponenls. Some readers will consider parts 
of these two chapters rather technical. 

A third chapter discusses the analysis 
of the data of a clinical study by analyzing 
the data of each patient separately, in 
contrast to the more common approach of 
making inferences about a population 
from which the patients in the study are 
presumed to be a random sample. The 
fourth chapter gives a nontechnical de- 
velopment of the notion of probability, 
followed by an introduction to time series. 
Each chapter is reasonably well done, but 
, the level of mathematics in the chapters' 
on. computers and, multivariate analysis 
will make them valuable to a smaller au- 
: diene e.—Charles Locke, Pharmaceutical 
Division, Pennwalt Corp., Rochester, 


Hormonal Proteins and Peptides, Vol. 
, 7: Hypothalamic Hormones. Choh Hao 
1 Li, ed. 326 pp. Academic .Press, 1979. 

: $32.50. 

The seventh volume in this series fo- 
. fuses on hypothalamic hormones. Like 
'f/evious volumes, it provides updated 
information on the title subject, summa- 
IfeJbUi live chapters contributed by 
ieafluig authorities in this area ofinves- 


Most appropriately, the .opening 
chapter is by A. V. Schally and his col¬ 
leagues, who present a precise and critical 
review of basic and clinical studies on the 
hypothalamic peptide hormones: CRF, 
TRH, PRP.FIF, MSH, LH-RH, GH-RF, 
and Somatostatin. Jutisz et al. summarize 
in detail work on the chemical and bio¬ 
logical properties of Gonadoliberin, which 
is the trivial name proposed by IUPAC- 
IUB for LH-RH, Studies on the secretion 
of Somatotropin (growth hormone, GH) 
and its control by metabolic, hormonal, 
and neural factors are reviewed by E. E. 
Muller. A detailed account of the bio¬ 
chemical mechanisms of action (involving 
cyclic AMP, prostaglandins, protein ki¬ 
nase, and dopamine receptors) by which 
hypothalmic hormones and sex steroids 
affect anterior pituitary function is pre¬ 
sented by F. Labtie et al. The concluding 
chapter, by D, Scharrer, one of the pi¬ 
oneers of neuroendocrinology, provides a 
historical perspective of developments in 
this field. This chapter emphasizes and 
clearly demonstrates the common fea¬ 
tures of, as well as the differences be¬ 
tween, neurons and endocrine .cells and 
points out the multiplicity in the modes 
of interactions between them. 

The study of the function and mecha¬ 
nisms of action of neuroactive peptides is : 
a rapidly growing area of investigation, 
carried out by endocrinologists, neuro- 
chemists,. physiologists, pharmacologists, 
and practicing clinicians. The rapid ac¬ 
cumulation of information in this rela¬ 
tively young field indeed required a 
compendium of information and ideas 
that could serve as guidelines for devel¬ 
opments in the years to come. Inasmuch 
as hypothalamic hormones are concerned, 
this volume fulfills that need.— YigalH. 
Ehrlich, The Missouri Institute of Psy¬ 
chiatry, St. Louis 


Human Anatomy and Physiology. 

Alexander P. Spence and Elliott B. 

Mason.820 pp. Benjamin/Cummings, 

1979. $18.96. 

The authors of this textbook attempt; 
to present “a current and in-depth cov¬ 
erage of both physiology and anatomy,” 
as have authors of similar texts. The dis¬ 
tinctive feature of this book is the em¬ 
phasis on learning aids, which are appre¬ 
ciated by students but seldom provided 
by authors. 

The learning aids are an integral part 
of the organization of the book. Each 
chapter is preceded by a list of concise. 
objectives. Ip a typical chapter, a short 
discussion of the embryology of the sys¬ 
tem being studied is followed by the 
anatomy, then the physiology of that 
system, A brief consideration of the ef¬ 
fects of aging, a description of common 
diseases, a study outline, a self-quiz, and 
discussion questions complete the chap¬ 
ter, The abundance of learning aids makes 


this, book well suited for a self-paced 
course; 

The anatomical illustrations are dear 
and well labeled; most are line drawings, 
with a few photographs, photomicro¬ 
graphs, and x-rays. The text and illus¬ 
trations are nicely integrated. A minimum 
of histological information is presented. 
The drawings of the cranial nerves are 
especially good, dearly showing the roles 
of these important nerves that are fre¬ 
quently given only meager consideration 
by other authors. Anatomists willproba- 
bly be more pleased with the book’s bal¬ 
ance than will physiologists. 

Physiologists may be concerned with 
the limited discussion given to the fun¬ 
damental concepts of homeostasis, nega¬ 
tive feedback, and control theory, If stu¬ 
dents grasp these concepts, their study of 
physiology can result in knowledge based 
on understanding rather than on memo¬ 
rization. In this book, the discussion of 
homeostasis is limited to its definition; 
negative feedback is not mentioned until i 
the midpoint of the book and control ; 
theory per se is never mentioned, Most 1 
physiologists would prefer to have the I 
book’s early chapters cover these concepts § 
and then use them to discuss regulation of |- 
blood pressure, breathing, food intake, I 
temperature, and so on. The discussions I 
of human physiology are otherwise ade- ; 
quate for an introductory course for 1 
nonmajors with no biology background. i 
Overall, this is a good book for the f?tu- ■ 
dents mentioned; it would he outstanding ; 
except for the shortcomings cited, How- | 
ever, these shortcomings could easily he | 
overcome through appropriate lectures or i 
outside readings—K«7/i V. Kuhlemeier, f 
School of Medicine, University of Ala- j 
bama, Birmingham 1/ 


Ovarian Follicular and Corpus Lti- 
teum Function. Cornelia P. Channing, 
John M. Marsh, Willian A. Sadler, eds. 
Advances in Experimental Medicine 
and Biology, 112.808 pp. Plenum, 1979. 
$59.50. 

Several important features of this vol¬ 
ume make it recommended reading for 
anyone interested in reproductive biology: 
the comprehensive collection of reports 
representing current research trends in 
ovarian molecular endocrinology, the 
extensive discussion sections and up- 
to-date bibliographies, and the rapid 
publication of these proceedings of the j 
Second Ovarian Workshop, held in June 
1978. I 

The unique organization of the work-' 
shop contributes to the value of the pro¬ 
ceedings: nine major sections deal with 
topics that range from intrafolliculnr 
factors regulating follicular development 
to several aspects of luteal function and 
include clinical applications. Each section 
contains review papers by a principal 
speaker and an invited discussant as well 
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as numerous short papers representing 
some of the latest work in each area of 
interest. In this regard, the purpose of the 
book, ‘‘to review the state of the art in the 
field of ovarian follicular and corpus lu- 
teum function,” is fulfilled admirably. 

The emphasis of the workshop was on 
intraovarian, intrafollicular, intraluteal, 
intracellular, ultrastructural, and mac- 
romolecular approaches. Thus, many of 
the papers are concerned with the acti-. 
vation of receptors and the resulting re¬ 
sponses in a variety of circumstances, or 
the local regulatory mechanisms within or 
between cells. Perhaps two of the newest 
areas of study attracting attention when 
the workshop was held were the nonster¬ 
oidal factors in follicular fluid, which 
regulate oocyte maturation and other 
aspects of follicular development, pri¬ 
marily in a negative fashion, and the 
concept of desensitization of gonadotro¬ 
pin receptors as related to the regulation 
of both follicular and luteal cells. Yet with 
all the detailed biochemical data pre¬ 
sented, many authors summarize their 
findings by acknowledging that the pre¬ 
cise mechanisms remain incompletely 
understood. 

Thus, this collection of reports presents 
some of the latest information on ovarian 
function and provides some interim an¬ 
swers but falls short of contributing major 
new discoveries to the field. In his 
summing up of the conference, I. Roth- 
child notes nine additional areas of con¬ 
cern which were conspicuous by their 
absence and presents 14 questions to be 
answered in developing a new theory for 
the regulation of follicle activity, all of 
which should serve to make the readers of 
this volume anxiously await publication 
of the proceedings for the Third Ovarian 
Workshop,—Do,w/d J. Diemhke, Mi- 
chael W. Vernon, Regional Primate Re- 
search Center, University of Wisconsin 


Sensory Mechanisms of the Spinal 
Cord. W. D. Willis and R. E. Cogges- 
hall. 485 pp. Plenum, 1978. $35. 

Congratulations are due authors, edi¬ 
tors,and publishers for this superb syn¬ 
thesis of 1,200 references through 1977 
integrated into a lucid and well-organized 
critique of current thought about spinal 
cord mechanisms for sensory processing. 
A delightful historical summary precedes 
detailed presentation of peripheral and 
spinal cord afferent mechanisms, with 
their higher level connections. Though the 
ho<* is dedicated “To the Beginning 
student “-the Nervous System,” ad¬ 
vanced researchers also will fipd it infor¬ 
mative and enjoyable. 

The format is pleasing, illustrations 
usually excellent, semantic and typo¬ 
graphic errors almost nonexistent, and 
writing smooth, simple, and remarkably 
tree or the usual neurophysiological ob¬ 
scurities. Section summaries, itemized 


chapter conclusions, and an adequate 
index provide ready access to the book’s 
massive content.. Bill Gunmtte, Anat¬ 

omy and Neurology, University of Cali¬ 
fornia, San Francisco 


Spontaneous Animal Models of 
Human Disease, Vol. 1. Edwin J. An¬ 
drews, Billy C. Ward, Norman H. Alt¬ 
man, eds. 322 pp. Academic Press, 
1979.152.50. 

In this concise and comprehensive 
work, 114 contributors review the animal 
models known for 1.85 human diseases of 
the alimentary, cardiovascular, endocrine, 
genital, and hematopoietic systems, as 
well as the eye and the ear. The text fol¬ 
lows a standard format, with an overview 
of the human disease followed by a dis¬ 
cussion of all the known animal models of 
that disease. The conformity of style, 
content, illustrations, and bibliography is 
excellent, The publication is recom¬ 
mended to all health scientists and stu¬ 
dents in the fields of human and com¬ 
parative medicine,' -John V. Mud rath, 
Pathology, School of Veterinary Medi¬ 
cine, University of Pennsylvania 


Teratogenic Mechanisms. T. V. N. 

Persaud, ed. Advances in the Study of 

Birth Defects, 1.240 pp, University 

Park Press, 1979. $29.95. 

These 14 essays about mechanisms in¬ 
volved in experimentally produced con¬ 
genital malformations represent various 
attempts to observe deviations from 
normal development through embryonic 
and fetal life. Localization of drugs and 
nutrients in embryos by the IJllherg 
method of whole-body autoradiography 
is a fascinating way of following terato¬ 
genic substances from the mother into 
embryos. Uses of anti teratogens as ana¬ 
lytical tools are reviewed and described. 
Teratogenesis by trypan blue, thalido¬ 
mide, nitrogen mustard, and maternal 
diabetes is discussed, and mechanisms 
leading to cleft palate, various skeletal 
malformations, caudal dysplasia, and 
congenital pulmonary defects are exam¬ 
ined. 

The studies described are interesting 
contributions to teratology and embryo- 
logy, but despite statements to the con¬ 
trary by some authors, they do not nec¬ 
essarily lead to prevention of congenital 
malformations, It is stated, for instance, 
that until we know how teratogens divert 
embryonic tissues from normal sequences 
of differentiation and morphogenesis into 
abnormal patterns, prevention of con¬ 
genital defects will elude us.” Unfortu¬ 
nately, no end to studies of mechanisms 
is in sight for any malformation known in 
man or animal, yet experience has shown 
that some birth delects are pre ven table by 
removal of necessary etiologic factors such 
as excessive x-irradiatiop, iodine defi¬ 


ciency, rubella, thalidomide, or mascu¬ 
linizing progesterones. Fortunately, short 
cuts to prevention can he found without 
understanding the endless chains of 
mechanisms that lead to their teratologic 
'Josef Wurkuny, Children's 
Hospital Research Foundation, Cincin¬ 
nati 


Human Nutrition: A Comprehensive 
Treatise, Vol. 1: Pro- and Postnatal 
Development, Myron Winiok, ed. 49IS 
lip. Plenum, 1979. $39.50. 

( | large volume is the first in a series 
offour reviewing the state of the art, in the 
science of nutrition for researchers and 
advanced students. The impact of nutri- 
tion on fetal and early childhood devel¬ 
opment is reviewed in 15 chapters in four 
general areas by 2(1 contributors: cellular 
growth, metabolism, and function; pliys- 
ical growth and nutrient requirements; 
nutritional management in medical dis¬ 
orders; and nutrition-related health 
problems, 

1 suspect that for other readers, as for 
me, some chapters will yield little new 
information while others will provide ex- 
tensive updating, reflecting our individual 
areas of interest or narrow locus. The 
reader will have to decide whether the 
coverage in this volume and in the forth¬ 
coming volumes in the series warrants lhe 
financial investment, I think it does, - 
George M, Owen , Uumun Nutrition 
Program, University of Michigan 


Cell Biology and Immunology of Leu¬ 
kocyte Function. Michael K, (juastel, 
ed. 959 pp, Academic Press, 1979, 
$45. 

( The International Leukocyte Culture 
Conferences have become the means of 
bringing together basic and applied re¬ 
search accomplishments, and this volume 
'from the 12th conference, in Israel in 
1978, provides representative presenta¬ 
tions ul broad areas of immunobiology, In 
all the studies reported, both short-term 
and long-term in vitro cultures ofieitko- 
c.vtes and/or of their respective stibpop- 
illations were used as tools. 

Seven chapters and a number of sum¬ 
mary reports of workshop topics cover 
lymphocyte activation with special ref¬ 
erence to plasma membrane structure and 
function, macromolecular biosynthetic 
events associated with cultures ofleuko- 
cytes, lymphocyte differentiation, ge¬ 
netics and mechanisms involved in cel- 
luhn aspects of immune responses, 
physiological and pathological aspects of 
lymphoid cells, and clinically significant 
new dimensions in immunobiologbl re¬ 
search. 

Because few scientists can be expert in 
all these diverse areas, the proceedings 
will be of interest to many investigators in 


1980 Mtm-li-AnHl VHI 








biological, immunological, and medical 
research.— Jun Minowada, Boswell Park 
Memorial Institute, Buffalo 


Evaluation of Clinical Biofcedback. 
William J. Ray, James M. Raczynski, 
Todd Rogers, William H, Kimball. 380 
■ pp. Plenum, 1979. $25. 

The use of operant methods to modify 
physiological systems formed the focus of 
a great deal of experimental work in the 
early 1970s, following reports of striking 
modification of physiological responses in 
both man and animal. Time has tempered 
the heady enthusiasm of that early work: 
the physiological effects were neither as 
large nor as replicable as first imagined. 
Nonetheless, the clinical application of 
biofeedback methods has continued un¬ 
abated. 

The authors provide a service to those 
interested in the experimental justifica¬ 
tion of clinical biofeedback by summar¬ 
izing and evaluating every published 
clinical study appearing between 1967 and 
1977. A thoughtful essay of 90 pages re¬ 
views this literature, and the remaining 
pages are abstracts of these published 
studies, The book should be of interest to 
professionals working in the field and to 
others intrigued by the problem of ex¬ 
perimental evidence in psychosomatic 
medkme.—Jackson Beatty, Psychology 
, and Brain Research,Institute, University 
oj California, Los Angeles 


Placental Transfer. Geoffrey V. P. 
Chamberlain and Andrew W. Wilkin¬ 
son, eels. 212 pp. University Park Press, 
1979. $39.50. 

Placental transfer has been an enigma 
since it was first realized that the fetus is 
separate from the mother and depends on 
the mother for nutrients, oxygen, and 
. waste disposal. The relatively low plasma 
Paii'j of the fetus led to the kind of think¬ 
ing best illustrated by the phrase “Mount 
Everest in utero,” We have learned a great 
deal since then, 

This short review volume is very well 
done. The organization proceeds logically 
from historical and anatomical consider-: 
aliens through the various flow and 
pressure problems to discussion of specific 
areas of transfer of water, gas, carbohy¬ 
drate, amino acids, fatty acids, and drugs, 
The last three chapters are devoted to 
clinical assessment of transfer in the 
human, the effects of hypertension, and 
the effects of diabetes, 

The strengths of this book are its good 
organization, its thorough review of the 
literature with a large number of refer¬ 
ences, its continuity and consistency of 
style, indicating careful editing, and its 
brevity. Most chapters have conclusions 


that usefully summarize the salient 
points. 

Each of the chapter authors has been 
careful to include all the relevant opinions 
and theories concerning blood flow to and 
from the uterus on both sides of the pla¬ 
centa, blood flow within the placenta, and 
transfer mechanisms. Each has tried to 
list the areas of limited knowledge as well 
as the areas of general agreement and to 
arrive at conclusions which incorporate 
fact and theory in a meaningful fashion. 
Correlation between chapters, especially 
between structure and function, is excel¬ 
lent. Hidden in the basic science chapters 
are several clinical correlations that are 
beautiful, especially the ones relating to 
glucose for the stressed fetus and 
chronic-versus-acute drug equilibration 
across the placenta. 

Illustrations and graphs are, for the 
most part, excellent, The only serious 
drawback for the American reader is the 
English drug nomenclature; perhaps it 
would be worthwhile to list the drugs and 
their United States counterparts in an 
appendix, This brief, thorough review of 
placental transfer is timely and of great 
value.—Praston V.Dilts, Jr., Obstetrics 
and Gynecology, College of Medicine, 
University of Tennesee 


Pesticide Microbiology: Microbiological 
Aspects of Pesticide Behaviour in the 
Environment. I, R. Hill and S. J. L 
Wright, eds. 844 pp. Academic Press, 
1978. $78.(55. 

Eighteen years have passed since Ra¬ 
chel Carson published her Silent Spring. 
Though alarmist and one-sided, her book 
undoubtedly created a useful awareness 
of the real and potential .dangers of pes¬ 
ticide use. Scientific research, spurred by 
public concern and regulatory demands, 
has since produced an impressive body of 
information on the fate and effects of 
pesticides in the environment. Central to 
the environmental behavior of most pes¬ 
ticides are their interactions with micro¬ 
organisms:, these interactions determine 
biodegradation as well as biomagnifica¬ 
tion and, therefore, the environmental, 
detoxification or potentiation.of a pesti¬ 
cide. The volume is, to date, the. most 
comprehensive and scholarly summary of 
these’ critical, pesticide-microorganism 
interactions. Most of the con tributions are 
of high quality, and the editors have done 
a commendable job in tying them together 
into a balanced' and ■well-organized, 
book. ■ 

The first three chapters attempt to in¬ 
troduce the reader to pesticidai chemicals, 
characteristics of natural environments,. 
and pesticide behavior in these environ¬ 
ments, Such nutshell introductions are 
inherently difficult to write, and they are,, 
to this reader, the least satisfying parts of 


the book. The highlights are the chapters 
on biodegradation and on experimental 
approaches to biodegradation testing, 
which present excellently organized and 
illustrated material, completely up to 
date. The conscious exclusion of the 
emerging humus-bound pesticide-residue 
problem from an otherwise comprehen¬ 
sive coverage is unfortunate. 

Pesticide effects on microorganisms are 
reviewed in a scholarly manner, but, 
through no fault of the chapter authors, 
the arbitrary test systems and unrealistic 
pesticide concentrations selected by many 
investigators limit the usefulness of some 
of 1 the original data. In part to correct this 
situation, a chapter is included on testing 
the effects of pesticides on non-target 
microorganisms. While useful, this 
chapter puts too much emphasis on tra¬ 
ditional enumeration methods and ne¬ 
glects to discuss some relevant comtem- 
porary approaches, such as biomass 
measurement. These are, however, minor 
shortcomings of an otherwise excellent 
volume. 

The book is bound to become an in¬ 
dispensable tool to pesticide microbiolo¬ 
gists , residue chemists, and other profes¬ 
sionals concerned with pesticide devel¬ 
opment, testing, and regulation,—/?, j 
Bartha, Biochemistry and Microbiology, j 
Cook 'College, Rutgers University 


Progress in Psychobiology and Phys¬ 
iological Psychology, Vol. 8, James 
M. Sprague and Alan N. Epstein, eds. 
353 pp. Academic Press, 1979. $45,50. 

If psychologists occasionally fear that 
biologists (socio- orneuro-) will strip the 
choicest cuts from the body of physio¬ 
logical psychology, they need reach no 
further than the latest volume of this fine 
series for assurances to the contrary. For 
nearly fifteen years, the editors have 
chosen from current work an admirable 
variety of novel and significant sutomaries 
by psychologists of ways iii which the: 
nervous system controls behavior. The 
latest volume presents new evidence and 
ideas on several of the central concerns of 
physiological psychology: the regulation 
of. food and water intake, the broad 
functional organization of neocortex, be¬ 
havioral recovery' after brain damage, 
neural control of sleep and wakefulness, 
neuroendocrine involvement in stress and 
arousal, and physiological factors gov¬ 
erning infant-mother interactions, There f 
are two articles on this last topic; brie by jj 
Blass, Hall, and Teicher on the ontogeny 1 
of suckling and the other by Leon ob i 
mother-young reunions. This work re- fj 
veals a remarkably subtle arid economical» 
series of changes iii behavior, (mediated IS 
largely by olfactory signals) which govern J§ 
the timing and duration of mother-young J| 
encounters and the development of aduh §§ 
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ingestive behavior in rats. Author and 
subject indexes are included .—Thomas 
Parks, Anatomy, University of Utah, 
College of Medicine 


Applied Medical Geography. Gerald F, 

Pyle, Scripta Series in Geography. 282 

pp. Halsted Press, 1979. $19.75. 

Medical geography has emerged as a 
distinct discipline concerned with spatial 
aspects of human health and disease. This 
book, intended as a text for geographers 
and a reference for epidemiologists and 
health planners, presents a discussion of 
selected diseases and various approaches 
to mapping the diseases to emphasize 
their ecology and diffusion patterns. 
Following a chapter on statistical methods 
of associating disease and contributing 
factors, the'author presents models for the 
use of previously developed concepts in 
planning for health-care delivery. 

This book will be of considerable use to 
medical geographers and health planners. 
Epidemiologists and other public- 
health-oriented scientists will find it 
presents useful alternative ways of looking 
at the disease problems that interest 
them .—Julius Schachter, Epidemiology, 
University of California, San Francisco 


The Cell Nucleus, Vol. 7; Chromatin, 

Part D. Harris Busch, ed. 601 pp. Aca¬ 
demic Press, 1979, $49.50. 

Sixteen review articles on various as¬ 
pects of chromatin structure and function 
are here grouped under the headings 
transcriptionally active chromatin (ten 
chapters), chromatin structure (four 
chapters) , and carcinogenesis (two chap¬ 
ters, although one from the second group 
belongs here). While most of the articles 
are quite comprehensive and informative 
and are well illustrated and/or. well ref¬ 
erenced, this volume joins the others in 
the series in suffering from some short¬ 
comings. First, and perhaps inevitably, 
the collected articles are of less than uni¬ 
form high quality, and points of uncer¬ 
tainty or controversy are not always 
•treated as such. Second, The Cell Nucleus 
is represented as a treatise, but the series 
seems to lack the organization and direc¬ 
tion expected of such a work. Rather, the 
series Is emerging as one more “Advances 
in...” or "International Review of.,. 
with some articles or groups of articles in 
a given volume having little to do with one 
another, but having much in common 
(including overlap) with articles scattered 
among other volumes. The editor’s In¬ 
troduction does nothing to relate the ar¬ 
ticles to one another or to those in other 


volumes, and a consequence of this must 
be some confusion for new readers. 

Nevertheless, certain subjects are well 
reviewed in this volume that have not 
been covered as recently or extensively 
elsewhere, and cell and molecular biolo¬ 
gists should at least be aware of its con¬ 
tents. Particularly new and interesting to 
me, as a cell biologist specializing in nu¬ 
clear structure and function in lower eu¬ 
karyotes, were the articles on nuclear as¬ 
pects of cancer cell biology, which cover 
interactions of carcinogens with nuclear 
macromolecules and alterations of nuclear 
proteins during chemical and viral carci¬ 
nogenesis. Of more general interest may 
be the three articles on electron micros¬ 
copy of transcriptionally active chroma¬ 
tin, the three articles on hormonal influ¬ 
ences on nuclear activity, an update on 
physical studies of chromatin structure, 
and a summary of work bearing on the 

notion of a nuclear structural matrix,. 

Peter M. M. Rae, Biology , Yale Univer¬ 
sity 


The Photosynthctic Bacteria. Roderick 

K. Clayton and William II Sistrom, 

eds, 946 pp. Plenum, 1978. $85. 

The photosynthetic bacteria have at¬ 
tracted little attention for their commer¬ 
cial or ecological importance but have 
proved very useful organisms for studies 
on the mechanism of photosynthesis, This 
volume provides an almost comprehen¬ 
sive summary of the known structural and 
metabolic features of the non-oxygen- 
evolvmg photosynthetic prokaryotes. The 
book is presented as a collection of 50 re¬ 
view chapters by a total of 59 authors, 
updating and extending the 19(53 sym¬ 
posium volume Bacterial Photosynthesis, 
Since that time the photosynthctic (cor¬ 
rectly phototrophic) bacteria have been 
reclassified taxonomically, and a wealth 
of literature has appeared concerning 
them, particularly regarding the structure 
and function of the photosynthetic ap¬ 
paratus—topics which occupy abou t half 
of this volume, 

The reviews are, for the most part, 
comprehensive and well written, and all 
deal thoroughly with the Rhodospiriliales 
(bacteriochlorophyll-containing prokar¬ 
yotes), The Halobacteria merit only one 
chapter and should, arguably, have been 
omitted. A considerable overlap between 
individual reviews allows reading of sec¬ 
tions without cross-referencing but can be 
annoying when the book is used as a ref- 
erenee volume. 

.'The major problems with the book are, 
first, that several sections are now out of 
date (many were written in 1975), despite 
extensive notes added in proof, and, sec¬ 
ond, that its usefulness as a reference 
volume is diminished by incomplete and 
unweighted indexing. 

Because of its size arid price, the book 
will appear mainly in library collections; 


Authors... 

LOOKING 

FORA 

PUBLISHER? 

Learn how to have 
your book published. 

You aro invited to send for a free Illus¬ 
trated guidebook which explains how 
your book cart bo published, promoted 
and marketed, 
Whether your 
subject Is fic¬ 
tion, non-flotlon 
or poetry, sci¬ 
entific, scholar¬ 
ly, specialized, 
(oven contro¬ 
versial) this 
handsome 40- 
page brochure 
will show you 
how lo arrange 
lor prompt pub¬ 
lication, 

Unpublished authors, especially, will 
find this booklet valuable and Inform¬ 
ative. For your free copy, write lo; 
VANTAGE PRESS, Inc. Dept, AS 
516 W. 34 St., New York, N.Y. 10001 


subdivision into two or three smaller 
volumes might have been worthwhile, 
Biochemists and biophysicists who wish 
to read in-depth reviews on the topics 
covered will find the book useful, pro¬ 
vided that more recent papers are subse¬ 
quently consulted,. David Crowther, 

Biology, Brnnkliuuen National Inborn- 
lory 


Neuroehemistry of Aminosugars: 
Neurochemistry and Neuropathology 
of the Complex Carbohydrates, Erie (i 
Brunngmber. .701 pp. Charles 0 
Thomas, 1979. $29.50. 

It is .unfortunate that a review printed 
during the heyday of the research field 
surveyed is destined to contain some 
dated material, no matter how zealously 
publication is expedited. Brumigraber’s 
book is no exception hut appears to he 
better than average in this regard. In ad¬ 
dition to the unavoidable obsolescence 
caused by reports postdating the author's 
cutoff date (September 1978), some rele¬ 
vant earlier references, such m the 1976 
IUPAC-IIIB Document on Lipid No¬ 
menclature, may have been missed be¬ 
cause of too-heavy reliance on one ab- 
“trading system (apparently, Chemical 
Abstracts), 















Brunngraber has concentrated, perhaps 
rightly, on basic research to the near ex¬ 
clusion of clinical studies, so that clinical 
diagnostic methodology and epidemiology 
of disease get little mention, Although 
some sections, particularly introductory 
ones, are coherently written prose, many 
of the pages are essentially annotated 
bibliographies. 

Nevertheless, with this book the author 
serves well his fellow neurochemists, gly- 
coeonjugale specialists, and others in al¬ 
lied fields. 

He has to a large degree succeeded in 
organizing thousands of information 
packets and references within 14 chapters, 
giving a rapid overview of the breadth of 
studies undertaken on glycolipids, gly¬ 
coproteins, and glycosaminoglycans. Both 
seasoned researchers and newcomers to 
the field are likely to find new insights in 
every chapter. The author’s prefaced hope 
that readers will discern here “the direc¬ 
tion of future research’’ may he overly 
optimistic, but his book amply portrays 
how multifarious that research has been 
.up to now.-— Howard C. Price, Chemistry, 
Marshall University, Huntington, WV 


Defense and Recognition, E. S. Lennox, 
ed. 2A: Cellular Aspects, 278 pp. 2B: 
Structural Aspects, 222 pp, Interna¬ 
tional Review of Biochemistry, 22 & 28. 
University Park Press, 1979. $29.50 
each. 

Unlike other biological systems, the 
immune system does not have a lixed 
anatomy. Rather, the cells and molecules 
that make tip the immune system pervade 
virtually the entire body, and thus im¬ 
mune responses are of concern to biolo¬ 
gists interested in a great many different 
aspects of vertebrate physiology. This 
concern has led to an explosion in 
knowledge about the immune system, as 
shown by the vast and ever-expanding 
literature. The fact that the second edi¬ 
tion of this title has been issued in two 
parts just 6 years after the first points up 
this rapid growth, 

The stated purpose of these volumes is 
to permit access to immunology for bio¬ 
chemists and other.professionals inter¬ 
ested in the field, and measured by the 
completeness, and accuracy of the ten re¬ 
view, chapters that make up the hooks, 1 
think they represent an impressive 
achievement.' Apart from the inevitable 
attrition due to time and,progress (most 
glaringly obvious in the chapter on the 
molecular biology of immunoglobulin 
genes, about which much more is known 
than can be found here) the hook is up to 
date. Today a chapter on hybrid anti¬ 
body-forming cells and the many uses of 
monoclonal antibodies would be a must. 
The book contains few errors of fact and 
surprisingly little prejudice; basic prin¬ 
ciples are stressed at the justifiable ex¬ 


pense of phenomenology. Speculation, in 
about the right proportion, is imaginative 
and careful. 

Scientists interested in immunology 
but intimidated by the vast hulk of phe¬ 
nomenology that confronts them will find 
the clear reviews here very useful as a 
guide to the field. The few small errors 
will be corrected by further reading, Many 
practicing immunologists will want to own 
a copy of this excellent book.— Charles A. 
Janeway, Jr., Pathology, Yale University 
School of Medicine 


Clinical Genetics: A Source Book for 

Physicians, Laird G. Jackson and R. 

Neil Schimke, eds. 652 pp. Wiley, 1979. 

$35. 

Writing a volume on human genetics is 
a difficult task, The best have been either 
basic genetics texts using well-defined 
human diseases rather than other models 
as examples or catalogs of human diseas¬ 
es, long lists that can lie used as secondary 
sources of reference to specific problems. 
The texts that attempt to synthesize these 
approaches have been less successful, 
largely because most human diseases are 
not well enough understood to he easily 
classified in terms of the ever-evolving 
nomenclature of molecular biology. The 
present volume by title and stated pur¬ 
pose is primarily a catalog but attempts 
to introduce some molecular biology. 

This book is at its best in reviewing 
present concepts of inheritance in dis¬ 
eases for which there appears to be an 
increased familial incidence bill, not a 
simple inheritance pattern, For example, 
the chapter on the genetics of cancer 
presents a realistic approach to this 
problem, and the short sections on various 
gastrointestinal diseases present data not 
otherwise readily available to the clini¬ 
cian. The book is at its weakest when it 
attempts to be a complete catalog, men¬ 
tioning a multitude of problems too 
briefly to provide adequate information 
and giving too few references to be a sec¬ 
ondary source. Overall, however, the hook 
does succeed as “a source book for physi¬ 
cians’’ that may lead them to think about 
patients in their genetic environment and 
to read further elsewhere,— Richard J. 
Hillman, Pediatrics and Genetics, 
Washington Unwemty School of Medi¬ 
cine ■ 


Sixth Symposium on Microdosimctry, 
Brussels, 1978, Vols. 1 & 2, J, Booz and 
H. G. Ebert, eds. 1261 pp. New York: 
Harwood Academic, 1978. $47.50 
each. ' 

, These two volumes deal with a problem 
of ultimate concern to all citizens of the 
world: What is the rational basis for set¬ 


ting exposure limits for ionizing radia¬ 
tion? Microdosimetry focuses on the in¬ 
teraction of ionizing radiation with bio¬ 
logical matter, particularly the cell nu¬ 
cleus as surrogate for DNA; the evaluation 
of patterns of energy deposition in sensi¬ 
tive biological structures; and the analysis 
of the relationship between the physical 
description of the radiation and, its effects, 
particularly long-term effects, on biolog¬ 
ical matter, The effects of low-energy 
(secondary) electrons rightfully dominate 
the discussion. These two volumes are an 
assemblage of papers, many of consider¬ 
able interest and merit, presented at a 
meeting organized by the Commission of 
European Communities. 

What a pity that the editors have 
failed their readers. No noticeable editing, 
indexing, organizing, or even proofreading 
appears to have been done, let alone 
needed editorial comment to guide the 
nonexpert. The sessions are numbered, 
not titled, so even that small measure of ; 
orientation is unavailable to the readers, 
and no logical division in the content of I 
the two volumes is apparent. Cauecit I 
emptor,—Thomas P. Vagi, Radiology 
and Pediatrics, Columbia University, 
College of Physicians and Surgeons 


Pharmacological Methods in Toxi¬ 
cology. G. Zbinden and F. Gross, eds. 
International Encyclopedia of Phar¬ 
macology and Therapeutics, Section j 
102. 61.2 pp. Pergamon Press, 1979. 
$11.5. 

Once upon a time, toxicology was 
merely an obscure and neglected hand¬ 
maiden of pharmacology, more to he en¬ 
dured than respected. Today it is emerg¬ 
ing as an estimable discipline embraced 
by scientists in many related fields. This 
book epitomizes the attention being paid 
by pharmacologists not only to routine 
problems but also to the exciting mecha¬ 
nisms of expression of adverse effects. 

The best thoughts, ideas, and experi¬ 
ences of over 130 predominantly Euro¬ 
pean investigators were presented at a 
workshop held in late 1977 and, along 
with comments and subsequent discus¬ 
sions, were distilled into 66 contributions 
comprising the eight functional sections 
of this compendium of suggested and 
recommended screening techniques for 
uncovering adverse effects of chemicals. 
The tests recommended for general use 
vary in scope from section to section. Test 
procedures of limited scope in the sections 
on the autonomic nervous system, the I 
cardiovascular system, and the endocrine 
systems are consistent with the frequency J 
of toxic reactions seen with these systems. 
Supplementary screening techniques for 
special situations are provided, More 
■comprehensive tests relative to the state 
of the art have been proposed to detect | 
neurological, behavioral, and hematolo- | 
gieal changes. I 


The variable comprehensiveness of the 
tests is compatible with one stated goal: 
the authors have succeeded in avoiding 
recommending a test merely because, like 
the mountain, it was there. This com¬ 
mon-sense approach to the toxicological 
assessment of chemicals is to be ap¬ 
plauded. It is unfortunate that only those 
toxic effects amenable to detection 
through pharmacological techniques have 
been considered as carefully as in this 
book.— Geoffrey Woodard, Woodard 
Research Corporation, Ocean City, MD 


Respirable Particles: Impact of Air¬ 
borne Fine Particulates on Health and 
the Environment. Frederica P. Perera 
and A. Karim Ahmed. 181 pp. Balling¬ 
er, 1979. $16.50. 

Perera and Ahmed of the National 
Resource Defense Council have carefully 
constructed a comprehensive review of 
published information on fine airborne 
particulates—their sources, characteris¬ 
tics, dispersion, and their impact on en¬ 
vironmental quality and potential for 
health effects. Unfortunately, the authors 
exhibit little critical judgment in the 
presentation of this material. The tone is 
set in the second sentence of the Intro¬ 
duction, which states: “Every year at least 
15,000 people die from exposure to pol¬ 
lutants in the air; millions more suffer 
from debilitating illness caused by air 
pollutants.” If you want extensive docu¬ 
mentation of claims that the sky is falling, 
then this book belongs on your shelf. If 
you would rather have a balanced review 
of the same topic, you can find it in the 
National Academy of Sciences book Air¬ 
borne Particles (University Park Press, 
1979).— M, Lippmann, Environmental 
Medicine, New York University 


Cancer Mortality: Environmental and 
Ethnic Factors. Dorothy Gaites Wel¬ 
lington, Eleanor J. Macdonald, Patricia 
E. Wolf. 258 pp. Academic Press, 1979, 
$16. 

The authors have analyzed the age- 
adjusted average annual cancer mortality 
rates by state for the period 1950-69, 
published by T. J, Mason and F. W, 
McKay in 1973, for the effect of a number 
of environmental and ethnic variables. 
Mason and McKay demonstrated high 
mortality rates along the corridor from 
the District of Columbia through New 
England. However, other than confirming 
the influence of urbanization and popu¬ 
lation density on cancer mortality, Wel¬ 
lington, Macdonald, and Wolf were un¬ 
able to identify any significant contribu¬ 
tors to the difference in cancer mortality 


rates for the various regions of the coun¬ 
try.— Merton S, Honeyman, Division of 
Health Statistics, State Department of 
Health, Hartford, CT 


Cellular, Molecular, and Clinical As¬ 
pects of Allergic Disorders. Sudhir 
Gupta and Robert A. Good, eds, Com¬ 
prehensive Immunology, 6, 628 pp. 
Plenum. $49.50, 

Immunology continues to explode, and 
this book summarizes recent advances 
that are primarily concerned with imme¬ 
diate hypersensitivity in man. It is a 
multiauthored book, containing 18 
chapters that cover such topics as eosin¬ 
ophil function, lymphocyte subpopula¬ 
tions, IgE, the genetics of allergy, food 
hypersensitivity, insect allergy, and 
asthma. There may be a few gaps here and 
there, but in general the reviews are well 
written, extensive, and comprehensive. 
Contributors are leading experts in the 
field, and good lists of references appear 
at the end of each section. 

The book is up to date and well printed. 
It is ftot an integrated text but a series of 
current reviews. Because of rapid progress 
in this field, this book will no doubt be 
replaced by others. At present, however, 
it should serve as an excellent reference 
work for allergists and clinical immu¬ 
nologists,-Henry N. Claman, Clinical 
Immunology, University of Colorado 
Medical School, Denver 


Biochemistry and Physiology of Plant 

Hormones. Thomas C. Moore. 274 pp. 

Springer-Verlag, 1979. $22,80. 

This brief, advanced-level text and 
reference book for students of the hor¬ 
monal regulation of growth and develop¬ 
ment of seed plants closely resembles, 
both in length and in general approach, 
several others that have appeared in re¬ 
cent years, especially those by Galston 
and, Davies, Warning and Phillips, and 
Phillips alone. After an introductory 
chapter defining the various aspects of 
growth and development to be considered 
later in the book, the author offers a brief 
but systematic excursion through all of 
the known plant hormones (auxin, gib- 
berellin, cytokinin, abscisic acid, and 
ethylene) and terminates with a chapter 
on phytochrome. Each chapter contains 
a brief historical introduction to the hor¬ 
mone or system being considered, a dis¬ 
cussion of methodology and basic phe¬ 
nomena, and a selection of major recent 
experiments underlying our present 
concepts of mechanisms of action. The 


chapters are illustrated with graphs and 
line drawings highlighting the main con¬ 
clusions and are supplied with refer¬ 
ences. 

The basic similarity of this book to 
other recent works in the same field can, 
I believe, be taken ns evidence that the 
study of regulatory mechanisms in higher 
plants has become reasonably well de¬ 
fined and that anyone proposing to de¬ 
scribe it must go through an exercise 
roughly like the one that has led Moore to 
produce this volume. 

It is somewhat to be regretted that 
Moore did not consider other aspects of 
the chemical regulation of plant growth, 
in which hormonal action is probably not 
involved but in which chemical regulation 
and response to environmental stimuli are 
nonetheless involved and important. For 
example, the reader would have benefited 
by a brief treatment of phenolies, wound 
stimuli, phytoalexins, and lectins. 

The book is well planned and written 
and represents a significant updating of 
other works in this field, It is therefore 
recommended to advanced students of 
plant growth regulation.— W. 
Galston, Biology, Yale University 


Handbook of Sensory Physiology, Vol, 

9: Development of Sensory Systems, 

Marcus Jacobson, ed. 469 pp, 

Springer-Verlag, 1978. $115. 

This volume, like others in the series, is 
a valuable reference work that should be 
an essential acquisition for all biological 
and medical libraries. The reviews, all by 
respected authorities in their fields, are 
generally well illustrated, well written, 
and directed toward advunced under¬ 
graduate and graduate students in de¬ 
velopmental biology, neurobiology, and 
the behavioral sciences. 11, is noteworthy 
that the coverage is primarily devoted to 
vertebrate systems, although a review of 
the sensory systems of arthropods is in¬ 
cluded, This is an important aspect of the 
book, and I hope it will encourage more 
students in Lho biological sciences to study 
invertebrate sensory systems. It is un¬ 
fortunate that consideration was not 
given to other invertebrate groups. An¬ 
other important feature of the volume is 
the attempted integration of behavior 
with the development of peripheral sen¬ 
sory systems and their central pathways 
and nuclei. Continuous nerve cell renewal 
in the olfactory system, peripheral and 
central interacting influences in the do- 
velopment of dorsal root ganglia, and rule 
of cell death during development are the 
subjects of three separate chapters and set 
the tone-for the entire volume. 

Perhaps the greatest weakness of this 
book is the lack of coverage of some sen¬ 
sorysystems, e.g. taste and the vestibular 













system. The volume as a whole, however, 
has so much to offer that one must ap¬ 
plaud the efforts of the authors, the edi¬ 
tor, and the publisher—0.IV. Henson, 
Jr., Anatomy, University of North Car¬ 
olina Medical School 


Membrane Transport in Biology, Vol. 

3; Transport across Multi-Membrane 

Systems. G. Giebisch, ed, 459 pp. 

Springer-Verlag, 1978. $74. 

This volume deals primarily with 
transport phenomena across multimem¬ 
brane systems, which are assemblies of two 
or more membranes acting in concert to 
endow the system with transport prop¬ 
erties not seen with single membranes, 
Transport across epithelial cell linings in 
various organs of several animal species 
has been chosen to illustrate mechanisms 
operating in these systems. 

The opening three chapters are devoted 
to the general characterization of multi¬ 
membrane systems and include discus¬ 
sions of transport phenomena, the role of 
tight junctions in epithelial function, and 
the morphological correlates of transport. 
Specific transport mechanisms, including 
ion transport and turgor pressure regu¬ 
lation in giant algal cells are described in 
chapters 4 and 5, The amphibian skin and 
urinary bladder are two transport systems 
treated in depth in separate chapters, In 
contrast to amphibians, insects offer 
transport models that are particularly 
suited for resisting extremes in osmotic 
stress, The next two chapters are devoted 
to this interesting and informative aspect, 
Transport across eye epithelia (cornea, 
crystalline lens, ciliary and retina epi¬ 
thelium), the choroid plexus, and the 
sweat and lacrimal glands are examples of 
other transport systems, This volume is 
a valuable source of reference for those 
involved in studies of transport mecha¬ 
nisms in biological membranes,— P. P. 
Nair, Division of Medical Research, Sinai 
Hospital of Baltimore and Johns Hop¬ 
kins University School of Medicine 


Behavioral Sciences 

The Nautical Archaeology of Padre 
Island: The Spanish Shipwrecks of 
1554, J, Barto Arnold III and Robert S. 
Weddle. Texas Antiquities Committee, 
7.462 pp, Academic Press, 1978, $34. 

On 29 April 1554, three Spanish ships 
returning from New Spain were driven by 
storm onto Padre Island, Texas. Most of 
the passengers and crew members who 


did not drown died from Indian attacks 
and other hardships on shore. Within 
months, much cargo was salvaged from 
the wrecks, some to be lost again at sea 
before reaching Spain. 

Modern salvage of one of the ships by 
treasure hunters in 1967 led to the es¬ 
tablishment of the Texas Antiquities 
Committee, which conducted scientific 
excavation on one of the vessels in 1972 
and 1973 (the third had been destroyed by 
dredging operations in the 19f>()s), The 
excavation served as a catalyst for archi¬ 
val research on the ships, cargoes, and 
people involved. The resultant publica¬ 
tion is the first full report of any ship¬ 
wreck excavation in the Western Hemi¬ 
sphere and thus stands as a milestone. 

The first half, by Weddle, provides a 
fascinating introduction to commerce 
between Spain and the New World. 
Sometimes it seems that the author is 
digressing as he details registers, ordi¬ 
nances, insurance policies, navigational 
techniques, routes, slavery, and wrecks of 
other ships, but always he weaves the 
story of this lost fleet more closely into its 
economic background, eloquently ex¬ 
plaining the historical significance of the 
tragedy. Artifacts are well illustrated and 
identified by Arnold in the second part of 
the book, which sometimes lacks the in¬ 
terpretation and fluid prose of the first 
half. Appendixes deal with topics ranging 
from shipboard cockroaches to conser¬ 
vation procedures and the ship’s recon¬ 
struction, 

Since we have learned more about the 
ships from archival research, what was the 
value of the excavation? If there is justi¬ 
fication for the restoration and preser¬ 
vation of ancient buildings for public ed¬ 
ucation and enjoyment, then the excava¬ 
tion was well worth while, as any who have 
seen its magnificent display in Texas can 
testify, Perhaps all archaeology need not 
be as “problem oriented” as some ar¬ 
chaeologists hold.—George F. Bass, 
Nautical Archaeology, Texas A&M 
University 


Mechanisms of Learning and Moti¬ 
vation: A Memorial Volume to Jerzy 
Koiiorski. Anthony Dickinson and 
Robert A. Boakes, eds. 468 pp, Haisted 
Press, 1979, $29.95. 

Although the late Jerzy Koiiorski was 
a contemporary of the major Western 
behavior theorists (Hull, Telman, Guth¬ 
rie, and Skinner), it is only in the last ten 
years or so that Western psychologists 
have begun to consider seriously his em¬ 
pirical and theoretical contributions to 
the problems of learning and motivation. 
This timely volume presents a collection 
of papers by a number of distinguished 
researchers, each asked to discuss Ko- 


norski’s work in relation to a contempt* \ 
rary topic in animal learning and moti- f 
vation. 

The topics discussed are drawn from \ 
among those dealt with by Konorski in his I 
1967 monograph, The Integrative Activ- | 
ity of the Brain, and represent a broad 
range of issues that concern contemporary 
researchers. Included are discussions of 
Pavlovian conditioning, habituation, 
conditioned inhibition, appetitive-aver¬ 
sive interactions, instrumental condi¬ 
tioning, interactions between Pavlovian 
and instrumental conditioning, motive- : 
tional processes, constraints on learning ■ 
and behavior, and methodological issues ;■ 
in the study of associative learning. 

Each writer provides an introduction to 
the relevant aspects of Konprski’s general 
theory and critically evaluates lus ideas in 
relation to the contemporary literature, j. 
To be sure, the authors take issue with | 
some of Konorski’s specific proposals, but [ 
one senses agreement that his general | 
approach to these problems is useful. The j 
reader unfamiliar with Konorski’s work j 
will have to be impressed with both the :: 
range of contemporary issues that he an- | 
ticipated and the relevance of his thinking jj 
on each of these matters. This volume t 
properly grants Konorski the long-over- 
due recognition from the West that his { 
efforts richly deserve. 

The importance of this volume is not, | 
however, its salute to Konorski. By en- f. 
couraging the authors to consider a vari- j 
ety of problems in the context of a com- j 
mon theoretical framework, the editors | 
have succeeded in producing a coherent I 
set of papers that provide an excellent | 
survey of the contemporary literature T- 
and, more important, may serve as a , 
starting point for a much-needed sys- | 
tematic ordering of a field that appears to p 
many to be fragmented and without a ; 
central guiding purpose.— Jerry W. Rudy, i 
Psychology, Princeton University 


Perception and Its Development: A 
Tribute to Eleanor J. Gibson. Anne I). 
Pick, ed. 258 pp. Haisted Press, 1979. 


A visit to the Psychology Department l 
at Cornell at any time over the past thirty \ 
years has inevitably led to being touched ; 
and influenced by the Gibsons. Jimmy \- 
“retired” a number of years ago; now ? 
Jackie has. This book is a collection of ■ 
chapters written in tribute to her by stu- y 
dents and colleagues who were touched# 
and influenced by her over those years. j| 
Following Her undergraduate training [; 
with Koff'ka and J. J. Gibson at Smith, \C, 
Eleanor Gibson did a dissertation on ( 
stimulus generalization with Hull at Yale ■, 
in the late 1930s. Later, she went to Cor- K 
nell, where, despite persistent institu- C 


tional difficulties, she succeeded in es¬ 
tablishing a first-rank career elucidating 
perception and perceptual development. 
In this work she has been most closely 
identified with issues related to attention, 
event structure, and the growth of preci¬ 
sion in perception. This research culmi¬ 
nated in the publication of her classic 
Principles of Perceptual Learning and 
Development (1969), The Psychology of 
Reading (with Harry Levin, 1975), an¬ 
other classic, documented Gibson’s spe¬ 
cial contributions to a very important 
realm of visual perceptual development. 

Sections of this Festschrift are devoted 
to the changing focuses of Gibson’s re¬ 
search interests—conditioning, learning 
to perceive, perceptual differentiation in 
young humans and infrahumans, the 
perception of structure and relationships 
in space as well as over time, ecological 
validity, and learning to read. To each of 
these topics, Gibson contributed seminal 
ideas and worked to produce bodies of 
fundamental .research. Her contributions 
are reflected in the literature and research 
reviews printed here, and her opinions (on 
theory and laboratory, ethology and de¬ 
velopment, aiid perception) are captured 
in an interview-afterword, 

Jackie Gibson’s positive impact on 
psychology is well documented in these 
pages, and only a complete list of her 
publications is wanting. But her influence 
extends beyond the laboratory, and for. 
some time the Gibsons' academic rela¬ 
tionship has provoked speculation, 
Jimmy Gibson’s remarkable foreword to 
this volume provides an intimate glimpse 
of her career. Three brief quotes will 
especially entice the reader. On Gibson as 
an independent thinker: “She needed a 
thesis problem, so her new husband lov¬ 
ingly presented her with the best idea he 
ever had for an experiment, one he had 
been savingup just for her, She turned it 
down.” On her special experimental style: 
“She worked on perception... outdoors 
under the sky instead of perception of 
points in a darkroom.” On their academic 
relationship: “When it is assumed that 
whatever one Gibson says, the other will 
agree to, we are annoyed, for it isn’t so. On 
the other hand, if anyone should try to 
refute one of us by quoting the other, we 


that he was diverted from that goal: there 
are many good textbooks but few recent 
efforts, like this one, at laying out the 
program for what physiological psychol¬ 
ogy ought to he, Oatley asserts and goes 
on to demonstrate that without a sophis¬ 
ticated psychology as guide, brain re¬ 
searchers would know neither what 
problems to address nor where to seek 
solutions. 

The major theme of this engaging book 
is that much of contemporary psychology, 
and hence of brain research, suffers from 
the (often inadvertent) use of Descartes’s 
now outdated concept of the reflex. Oatley 
cites Lashley as one who clearly saw the 
inadequacies of the reflex concept hut 
could not come up with a satisfactory al¬ 
ternative. Lashley’s failure, like Des¬ 
cartes’s, lay in not having an appropriate 
metaphor to capture the way the brain 
works. 

Do we have one now? In this slim but 
very rich volume, Oatley argues that the 
modern computer can provide a set of 
concepts and processes that both illus¬ 
trate and illuminate how emergent 
properties can be generated from the in¬ 
teractions of simple components. He 
employs examples from a wide variety of 
research areas, from object perception to 
circadian rhythms, to show that meaning 
and adaptation to (through internal rep¬ 
resentationOf) the real world lie at the 
heart of psychology. Hence, any brain 
theory which does not address those 
fundamental issues cannot work. 

The computer as a metaphor i'or mind 
is certainly not a new idea in this era of 
cognitive psychology. Oatley’s contribu¬ 
tion is to detail how far “artificial intelli¬ 
gence” has progressed and how revealing 
computer software can be of the way the 
brain must operate. 

This is a book of many facets. It is 
about psychology, brain function, com¬ 
puters, and the nature of scientific theory. 
Especially interesting is the book’s im¬ 
plicit message that to find good meta¬ 
phors of the mind we should examine the 

mind’s most impressive creations..~ 

William N. Demher, Psychology, Uni¬ 
versity of Cincinnati 


should get even more annoyed. That may 
not be logical, but that is a fact.’’-Marc 
H. Bornstein, Psychology, Princeton 
University 


Bases of Language Intervention, 
Richard L, Schie/eibusch, ed, Language 
Intervention, 1.476 pp. University Park 


Press, 1978, $14.50. 


Perceptions and Representations: The 
Theoretical Bases of Brain Research 
and Psychology. Keith Oatley. 262 pp. 
Free Press, 1979. $13.95. 

The author tells us in the Preface that 
this book began as a textbook of physio¬ 
logical psychology. We can be grateful 


Language Intervention Strategies. 
Richard L. Schielelbusch, ed, Language 
Intervention, 2. 420 pp. University Park 
Press, 1978. $15.75, ) ‘ 

At what level should a review chapter 
on. language 1 intervention bases or lan¬ 
guage intervention strategies be pitched? 
The answer that Richard Schiefellnisch, 
as editor of these two volumes, appears to 
prefer is that the reader be a “student" of 


these subjects.someone with much rel¬ 

evant previous background li.ul, with an 
open mind. 

Given the unevenness of level in these 
17 chapters, the reader is advised to 
search out the lies! material. Such se¬ 
lected information will vary from reader 
to reader according to background, hut a 
few general conclusions and specific il¬ 
lustrations are offered here as a guide. 

First, these two volumes are not par¬ 
ticularly closely connected. Strategies 
and Bases (Ibr short) do overlap, and they 
also share significant content with the 
1974 Schielelbusch and Lloyd collection, 
Language Perspectives, These overlaps 
suggest that readers should not expect a 
dovetailed set of volumes. Moreover, 
many chapters in the two newer volumes 
are not especially up to dale so that. again, 
readers’ individual knowledge and needs 
should be considered. 

Both volumes contain some highly in- 
formative accounts of the applicat ion of 
particular training methods or strategies. 
Guess, Keogh, and Sailor (in Bases ) give 
a broad account of belmviorally oriented 
attempts to teach generalized language 
elements or skills. Narrower but still 
valuable are the corresponding chapters 
in the two hooks on miniature, artificial 
linguistic systems, the chapter by Han 
and Rogers-Warren in Strategies, and the 
chapter in Strategies on structured lan¬ 
guage training for tile language-delayed, 
which stresses the value of continual 
reassessment, as part of l raining. 

The excellent pieces in Bases by Rocs 
on pragmatics and byBowennauon many 
aspects of normal language development 
demonstrate what more mil hors should 
aspire to in breadth and in openness of 
viewpoint. Bowcrman also makes an im¬ 
portant point about language I hernp.v and 
training: “It is likely that a large proper- 
lion ol children in t herapy could benefit 
most from carefully designed programs 
ilmf incorporate those types ol interne- 
lions that have been found to facilitate 
development in normal children rather 
than bypassing them in favor of ostensibly 
tutorial interaction patterns that either 
do not, facilitate or that actually impede 
normal development.” To this i would 
‘‘•dd that we have little hard evidence so 
far aw to what act ually facilitates (lei alone 
is necessary to) language growth. 

Borne recurrent difficulties require 
comment, Too often the level of the mm 
terinl is inappropriate either Ibr students 
or Ibr advanced colleagues. Another dif¬ 
ficulty is that, extensive description and 
classification frequently substitute for 
integrative discussion ilml could lead to 
further advances. Fianally, in at least two 
areas there are premature claims or rec¬ 
ommendations. (1) Parents who follow 
the detailed recommendations in (’ha[Her 
6 »(Strategies on howto talk to children 
may pay serious “costs” in terms of other, 
bypassed communication opportunities, 












(2) There’s a long way to go in reaching 
beyond context-specific training effects. 
As Siegel and Spradling, in Strategies, 
observe: “Each of these programs makes 
some attempt to create a bridge between 
the teaching and the natural environment 
in which the child’s communication skills 
must function, but in no instance is there 
any demonstration of success in meeting 
this goal .''—Keith E. Nelson, Psychology, 
Pennsylvania State University 


Developmental Pragmatics. Elinor 

Ochs and Bambi B, Schieffelin, eds. 437 

pp. Academic Press, 1979. $20.50. 

Research on child language develop¬ 
ment, like linguistics itself, has expanded 
from a concentration on phonology and 
syntax to semantics and now pragmatics, 
"the many ways in which context enters 
into the expression and understanding of 
propositions by language users in a par¬ 
ticular community” (p. 1). This book 
brings together discussions of theory and 
reports on empirical research on devel¬ 
opmental changes in pragmatic aspects of 
language. The editors are the foremost 
anthropologists in the child language 
field; the contributors include linguists, 
psychologists, and sociologists, It is the 
first book with this focus, overlapping 
only in part with Ervin-Tripp and 
Mitchell-Kernan’s Child Discourse (Ac¬ 
ademic Press, 1977), which deals pri¬ 
marily with older children, and it is highly 
recommended. 

The first section, on methodology, is 
particularly valuable: it includes advice on 
the older “diary method” of handwritten 
records by Braunwald and Brislin, a dis¬ 
cussion of "transcription as theory” (not 
just a routine secretarial task) by.Ochs, 
and a retrospective review by Schieffelin 
of cross-cultural child language research 
since Slobin’s influential 1967 Field 
Manual at the beginning of her report on 
her own research in New Guinea. 

The following five sections focus on the 
development of verbal means for ex¬ 
pressing intentions (Bates et al., Carter); 
for emphasizing new information 
(Greenfield, Bates and MacWhinney); 
achieving shared reference (Scollon, At¬ 
kinson, Ochs et al,, Hatch); using negative 
statements (Volterra and Antinucci, 
Keller-Cohen et al,); and participating in 
conversations (Dore, Garvey, Corsaro, 
Ervin-Tripp). 

While the book will be most valuable to 
those interested in child language devel¬ 
opment, Ochs argues well for the contri¬ 
butions that developmental pragmatics 
can make to more general linguistic re¬ 
search: a multidisciplinary research base; 
a methodology strongly grounded in em¬ 
pirical observation; and the opportunity 
to observe the emergence of contextual 


sensitivity, the transition from context to 
syntax, and the socialization of back¬ 
ground knowledge essential to language 
use .—Courtney B, Cazden, Graduate 
School of Education, Harvard Univer¬ 
sity 


Down’s Syndrome: The Psychology of 

Mongolism. David Gibson, 366 pp. 

Cambridge University Press, 1978. 

$42.50, 

The Down’s syndrome literature dates 
from its namesake’s clinical notes of 1857, 
For the first 90 years its main focus was 
the myth of mongolism: a happy, loving, 
retarded child, smiling his way through a ’ 
short but easily managed lifetime. The 
studies were clinically oriented, often 
uncontrollably anecdotal, and seldom 
scientifically interesting. All this changed 
in 1956 with Lejeune’s signal discovery 
that Down’s children have a highly char¬ 
acteristic chromosomal oversufficiency. 
A common congenital disease carrying 
grave risk of mental deficiency was thus 
linked to genetic flooding, and, as Gibson 
notes, the conditions were right for a 
unique experiment of nature: a high-fre¬ 
quency chromosomal accident results in 
a complex phenotypic expression de¬ 
tectable early enough for developmental 
psychological analysis. Moreover, kary¬ 
otypic variability within the syndrome is 
sufficient to permit correlations between 
chromosomal subtype and behavioral 
consequence, These facts launched what 
Gibson calls "the search for a chromo¬ 
somal psychology,” a search that has 
touched on intelligence, personality, so¬ 
cialization, learning, psychomotor abili¬ 
ties, and speech and language. 

Intending to debunk myths and. es¬ 
tablish acceptable biobehavioral con¬ 
nections, Gibson covers this wide ground 
with beautifully organized, consistently 
analytical scholarship. But do not hope 
for easy reading. The field is wonderfully 
complex, and we are spared not the 
smallest methodological nuance as Gibson 
picks away at the pillars of conventional 
wisdom. Myths crumble, certainly; 
biobehavioral connections emerge, cau¬ 
tiously, but only the serious professional 
will reap the full (if sometimes sobering) 
rewards of reading this intricate story, 
exceedingly well told. Despite Gibson’s 
stated intentions, educated lay readers 
will find accessible material only in the 
two chapters on. behavioral management. 
The bulk is for scholars and scientists; it 
is mandatory reading for anybody who 
intends to understand or pursue Down’s 
syndrome from a scientific perspec¬ 
tive.—Job a Belmont, Smith Research 
Center, Kansas City 


Infants at Risk: Assessment of Cognitive f 

Functioning. Richard B. Kearsley and j 

Irving E. Sigel, eds. 233 pp. Halsted ; 

Press, 1979. $16.50. I 

The last two decades of research in 
early development have been fruitful in 
new learning about the perceptual, cog¬ 
nitive, and social development of infants 
and young children. In this expanding 
knowledge base, several themes have 
emerged and have gained wide accep- 
tance: (1) Infants have many more ca¬ 
pacities and are capable of more sophis¬ 
ticated actions than originally I 
thought—they are not, as William Janies | 
believed, insensate creatures. (2) Con- I 
tinuous models are not adequate to de- | 
scribe development; rather, complex I 
transformation models of change are 1 
necessary. (3) Development is a process in I 
which the constant interaction of the I 
structures of the organism with the envi- I 
ronment results in new structures, ; 

The practical knowledge associated | 
with these discoveries has been limited. | 
Unfortunately, those interested in the I 
assessment and care of dysfunctional in- 1 
fants have not been able to make full use |; 
of this new data base. Thus, it was with I; 
great interest that I read Infants at Risk , T 
since it seemed to hold the promise of I 
bridging the gap between laboratory re- I ; 
search and the concerns of those inter- | 
ested in dysfunctional development. The | 
book contains chapters by well-known F 
and respected researchers—Lipsitt, | 
Haith, Zelazo, Menyuk, Sameroff, Rear- ? 
sley, Hamilton, and Sigel—discussing crib L 
death, eye-scanning behavior, measures } 
of information processing, early language j 
acquisition, and feelings of incompetence, f 
to mention but a few topics. 

While interesting and important for I 
understanding infant development, these t 
chapters are not, for the most part, about I 
at-risk infants; they could just as easily be \ 
found in a volume on early cognitive ae- ■ 
tivity. From the point of view of clinical | 
application, the need for a volume going |: 
from theory and method to practice re- I 
mains unfulfilled .—Michael Lewis, In- r. 
fant Laboratory, Institute for the Study | 
of Exceptional Children, Educational f: 
Testing Service, Princeton, NJ i 


A Mixed-Longitudinal Interdiscipli-1 
nary Study of Growth and Devel-) 
opment. Birte Prahl-Andersen, | 
Charles J. Kowalski, and Paul H, J. M. ?• 
Heydendael, eds. 771 pp. Academic F 
Press, 1979. $42. 

This bookdescribes in detail the design : 
of the study and the potential of the ?; 
mixed-longitudinal approach. Unfortu- : 
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nately, in the authors’ sample there is 
little or no evidence of cohort differences 
and the interdisciplinary investigations 
are exploratory rather than definitive.— 
Alex F, Roche, Pediatrics, Fels Research 
Institute, Wright State. University 
School of Medicine, Dayton, OH 


Mathematics and 
Computer Science 

Algorithmic Aesthetics: Computer 
Models for Criticism and Design in the 
Arts. George Stiny and James Gips. 220 
pp. University of California Press, 1979. 
$15.75. 

This a good book on a very elusive 
topic. Quoting M, C. Beardsley, the au¬ 
thors define aesthetics as "metacriticism” 
and consider it as a source of "computer 
models for criticism and design in the 
arts,” asserting that “each aesthetic sys¬ 
tem contains an evaluation algorithm and 
a comparison algorithm.” They also dis¬ 
cuss "design algorithms.” 

One may well challenge the basis for 
accepting any evaluation algorithm or 
comparison algorithm for "looking at,” 
say, the School of Athens and giving an 
"original cogent critique” of it, Moreover, 
specifying 7 million man-years and de¬ 
bugging a program implementing such an 
algorithm would certainly not be worth 
the effort. Art is far too varied, and the 
most successful computer applications 
execute well-defined special-purpose 
programs for tasks that need to be per¬ 
formed millions of times.—Garrett Birk- 
hoff, Mathematics, Harvard University 


Number Theory in Digital Signal 
Processing. James H, McClellan and 
Charles M. Rader. 276 pp, Prentice- 
Hall, 1979. $18.95. 

This work presents a collection of 13 
papers fundamental to signal processing 
and a 72-page discussion of the number 
theory needed to appreciate the papers. 
The principal problem in the book is the 
presentation of efficient algorithms for 
the calculation of the Discrete Fourier 
Transform (DFT) 

X\k] - £ x[n] exp(-2irink/iV) 

n=0 

[/? = 0. N-l\ 

where x(0),x(l),.'.., x(N- 1) are input 


signals. The high speed implementation 
of the convolution y of x and h 

)'W B n Zx\k\h[n-k\ 

/.’=><) 

is an example of one of the most successful 
applications of the DFT. The general 
procedure discussed is that of replacing 
the one-dimensional string of input sig¬ 
nals x [a] by a multidimensional array 
using some well-chosen modular system 
S, applying DFT in 8, and then trans¬ 
forming the output by the Chinese re¬ 
mainder theorem back to X[k\. Those 
concerned with high speed signal pro¬ 
cessing will be grateful to the authors for 
bringing between two covers this valuable 
collection of papers and the necessary 
number theory.— D. H. Lelmer, Mathe¬ 
matics, University of California 


Logic for Mathematicians, 2nd ed. J. 

Barkley Rosser. 574 pp, Chelsea, 1978, 

$19.95. 

The original 1952 edition is reprinted 
here with minor changes and the addition 
of four appendixes. The first eight chap¬ 
ters are still among the best introductions 
to the propositional and predicate calculi, 
especially because of the numerous 
mathematical examples. The rest of the 
book is a careful exposi tion of a set theory 
based upon Quine’s axiom system New 
Foundations (NF), Appendix A contains 
a proof of the Axiom of Infinity, a re¬ 
markable result first proved by Speaker 
in 1953. Appendixes B and C contain brief 
discussions, without proofs, of the un¬ 
provability of the Axiom of Counting 
(Orey, 1964) and of the falsity of the 
Axiom of Choice' (Speaker, 19511),’The 
latter result is one of the principal reasons 
why NF is not currently considered a 
viable foundation of mathematics, even 
though it is better suited to category 
theory than the standard Zerrnelo- 
Fraenkel axiomatization. Nevertheless, 
the recent revival of interest in NF makes 
this reprint of Rosser’s hook very 
timely Elliott Mendelson, Malhe- 
matics, Queens College-CUNY 


Elementary Probability Theory with 
Stochastic Processes, 3rd ed. Kai Lai 
Chung. Undergraduate Texts in 
Mathematics. 325 pp. Springer-Verlag, 
1979.$14.80. 

It is a pleasure to reread Chung’s de¬ 
lightfully durable text, which not only 
teaches the undergraduate to take his first 
steps but challenges him with superb and 
never dull problems. The chapter on 
random variables and on a quick hut 
reassuringly steady trip from random 


walks to Markov processes are Ihc best,, 
Three appendixes, on Bond fields, on 
Stirling’s formula and (lie De Moivrc- 
Laplace theorem, and on martingales 
should whet, the appetite of any serious 
student, To inspire him further, a photo 
gallery of eight contemporary masters of 
probability theory graces this sturdily 
bound and superbly composed and 

printed volume,. George K. Francis, 

Mathematics, University of Illinois 


Papers in Mathematics. Paul R, Meyer, 
ed. Annals of the New York Academy 
of Sciences, 321,101 pp. N.Y.A.S., 1079, 
$ 20 . 

Nine expository papers, first delivered 
to the Mathematics Section of the New 
York Academy of Sciences, present sig¬ 
nificant mathematics to the nonspeeiuhVl, 
Topics include computational complexity, 
weighted digraphs, undceidable topolog¬ 
ical statements, and fluid dynamics. The 
papers are much like the lead articles in 
the American Mathematical Monthly 
and would have reached a much larger 
audience had they been published 
there.-. Lynn Arthur Steen, Mathemat¬ 

ics, St. Olaf College 


Non-Archimedean Functional Anal¬ 
ysis, A. G. M, van Rouij. Monographs 
and Textbooks in Pure and Applied 
. Mathematics, 51.404 pp. Marcel Dek- 
kcr, 1978. $29.50. 

This book, as its title suggests, is de¬ 
voted lo the study of.Banach (complete 
normed vector) spaces, function spaces, 
Banach algebras, “measure theory," and 
harmonic analysis over complete non- 
Archimedean valued fields. For the most 
part, the field is kept as general us possi¬ 
ble.the valuation is not discrete, nor is 

the residue class field finite (as is the case 
in most arithmetic situat ions). 

The question perhaps most likely to 
occur to the render of this review is: "Why 
am. I offered such a book?” The author 
says, "In recent years, the number of 
•mathematicians working in non-Archi- 
niedean analysis has been increasing 
markedly, and the time has come for a 
gatheringtogether of elementary results,” 
Perhaps we had best leave it at that. 

For those who are working in non- 
Archimedean analysis the hook can lie 
recommended highly. It is carefully or¬ 
ganized; it covers a lot of material in 
thorough fashion; it reads very easily, 
Interrelations lietween ideas are skillfully 
Pointed out, and the comments on the 
technical literature (a bibliography of 25(1 
items is Included) and on the develop- 










ment of the subject are numerous and 
interesting. It is an expository effort of 
high caliber.—/Jo^er Howe, Mathematics, 
Yale University 


Von Neumann Regular Rings. K. R. 
Goodearl. Monographs and Studies in 
Mathematics, 4. 369 pp. Fearon-Pit* 
man, 1979. $49.95. 

A ring is one of the abstract objects 
studied in today’s algebra. Its postulated 
operations of addition and multiplication 
satisfy the usual rules of algebra, except 
that commutativity of multiplication (xy 
= yx) is waived. The adjective regular in 
the title of this book tells us that these 
particular rings obey the axiom that for 
any x there exists y with xyx = x. Actu¬ 
ally, regularity has other meanings in ring 
theory; one therefore adds the name of 
John von Neumann, who first studied this 
kind of regularity and who later became 
known beyond the world of mathematics 
for his work on computers and on the 
hydrogen bomb. 

Why study von Neumann regular 
rings? The answer is that they arise fre¬ 
quently in various areas of mathemat¬ 
ics—for instance, in projective geometry 
and functional analysis. 

The first half of Goodearl’s book covers 
in depth more or less standard results. 
The second half takes readers to the 
frontiers of today’s active research in the 
field, much of it the author’s own, There 
is a 270-item bibliography.—/. Kaplan - 
sky, Mathematics, University of Chi¬ 
cago 


Singular Points of Smooth Mappings. 

C. G, Gibson. Research Notes in 

Mathematics, 25.239 pp, Fearon-Pit- 

man, 1979. $16.50 paper. 

This is an excellent introduction to the 
theory of singularities of mappings. The 
material explained in this book is the 
mathematics needed for “catastrophe 
theory.” Whether or not the controversial 
applications that catastrophe theorists 
have made of this mathematics to the 
social sciences are valid, the mathematics 
developed here is completely rigorous. 
Gibson takes as: his main theme the fun¬ 
damental problem of listing singularity 
types and explains the procedures for 
doing so very clearly. He has kept the 
prerequisites for reading this book to a 
minimum. All that is needed is calculus of 
several variables, the rudiments of ab¬ 
stract algebra, and the fundamental ex¬ 
istence and uniqueness theorem of ordi¬ 
nary differential equations .—John 
Mather, Mathematics, Princeton Uni¬ 
versity 


Mathematical Circus, Martin Gardner. 

272 pp. Alfred A. Knopf, 1979. $9.95. 

The ninth collection of Gardner’s 
famed “Mathematical Games” column 
from Scientific American dates from the 
period 1968-71. Each column is supple¬ 
mented with answers to the puzzles it 
contains and commentary based on 
readers’ responses to the original column. 
The acts in this circus, intended to be 
performed by the reader, include random 
walks in 3-dimensional lattices, packing 
hyperspheres in hyperboxes, Euclidean 
constructions without a straight edge, and 
a panoply of parlor tricks with match 
sticks, pennies, and dollar bills. This vol¬ 
ume—and its predecessors—should be in 
every.school and college library and on 
every teacher’s bookshelf.—Lynn Arthur 
Steen, Mathematics, St. Olaf College 


An Introduction to Homological Al¬ 
gebra. Joseph J. Rotman, Pure and 
Applied Mathematics. 376 pp. Aca¬ 
demic Press, 1979. $26.50, 

The author presents a leisurely, well- 
motivated, and balanced introduction to 
homological algebra. Categorical language 
and perspectives are used systematically, 
but without great fuss, since the main 
focus is on Tor and Ext for categories of 
modules. Concrete applications, espe¬ 
cially to commutative algebra and group 
cohomology, are given extensive treat¬ 
ment. Even the Quillen-Suslin proof of 
the Serre Conjecture is included. The 
final; chapter is an excellent exposition of 
spectral sequences and their computa¬ 
tional uses. The hook will serve very well 
as a graduate text and as a reference work, 
though it is not as comprehensive for the 
second purpose as Mac Lane’s Homol¬ 
ogy.—Hyman Bass , Mathematics, Co¬ 
lumbia University 


Functional Integration and Quantum 
Physics, Barry Simon, Pure and Ap¬ 
plied Mathematics, 296 pp. Academic 
Press, 1979. $29.50. 

Functional integrals arise in a variety 
of problems in mathematics, physics, and 
chemistry. The central theme of these 
applications and of this book is the 
Feynman-Kac formula, 

Modern functional, analysis and oper¬ 
ator theory dominate Simon’s presenta¬ 
tion, in contrast to most other accounts of 
function space integrals,, which emphasize 
the probabilistic aspects, of the. subject. 
Simon’s book offers an interesting and 
healthy range of applications, drawn from 


his interests in quantum mechanics and 1 
including the classical limit, ground state | 
perturbation theory and the stability' | 
of-matter problem. The book is written at J 
the level of a graduate mathematics I 
text.—James Glimm, Mathematics, The J 
R ockefe l ler Universi ty § 


Computational Geometry for Design I 
and Manufacture. I. D, Faux and M. \ 
J. Pratt. 324 pp. Academic Press, 1979- f 
$21.50. I 

This volume is a complete, current, find f 
well-organized reference hook on the j 
modeling of smooth curves and surfaces ;■ 
by computer. Various kinds of parametric * 
surface patches are defined by polyim- . 
mials and rational functions, and those of . 
degrees 2 and 3 are discussed in detail. 
There is an exhaustive treatment of how r 
to fit these patches together into a net- 
work with tangent or curvature continu- ■ 
ity. The authors then apply the patch r. 
methods to cross-sectional designs, and in •, 
a final chapter they discuss how to mill a 7 
modeled surface to a desired tolerance 
with a numerically controlled cutting tool, jj 
Modern matrix notation is used to tie- 
scribe the various polynomial patches ; 
concisely and is particularly helpful in ; 
illuminating the relationship between f 
Coons, Bezier, and B-spline specifiea- j... 
tions, L 

The book is intended for engineers and |. 
designers, as well as for mathematicians, I' 
and almost half its length is devoted to the L 
necessary mathematical foundations. 
However, the chapter on differential ge- 
ometry will prove heavy reading for the p 
average engineer .—Nelson L, Max, •• 
Computer Science, Lawrence Livermore . ; 
Laboratory, University of California 


Analytic Arithmetic of Algebraic I 
Function Fields. John Knopfmacher. I 
Lecture Notes in Pure and Applied 1 
Mathematics, 50.130 pp. Marcel I)ek-1 
leer, 1979. $16.50 paper, I 

In 1937, A. Beurling raised the question I; 
of what assumptions must be imposed on | 
a multiplicative semigroup of real mint-1 
hers each larger than 1 so that the prime I 
number theorem would still hold. An ex-1 
tensive account of the subsequent dis-1 
coveries and their applications was given l 
by Knopfmacher in his book Abstract, f 
Analytic Number Theory (North-Hoi- \ 
land, 1.975). 

Now it is well known that many mini* ,. 
ber-theoretic questions arise in the theory 
of algebraic function fields that are anal-: [ 
ogous to those of classical analytic number 
theory. In this new book the author raises j: 
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Beurling’s question for algebraic function 
fields. The fundamental Axiom A#, con¬ 
cerning the asymptotic size of a family of 
specific subsets related to the function 
field, allows an extensive development 
which includes, among other things, an 
abstract prime number theorem. 

An outsider might suspect that this is 
a vast theory with few specific applica¬ 
tions, The author anticipates this view 
and gives seven distinct examples in 
Chapter 1 of structures fulfilling Axiom 
A#. Knopfmacher has written a unique 
book providing a unified, motivated, and 
reasonably elementary presentation of the 
generalized number theory of algebraic 
function fields .—George E. Andrews, 
Mathematics, Pennsylvania State Uni¬ 
versity 


Engineering and Applied 
Sciences 

Scientific Basis for Nuclear Waste 
Management, Vol. 1. Gregory J, 
McCarthy, ed. 563 pp. Plenum, 1979, 
$49.50. 

The necessity for immobilization and 
isolation of radioactive nuclear wastes has 
been recognized for many years. What is 
not so generally appreciated is the large 
body of scientific and technical knowledge 
that has developed in this area as a result 
of intensive research on an international 
scale. 

There is not space in a short review to 
mention in detail the great variety of 
topics covered in the 78 technical papers 
contained in this volume, A large fraction 
o! them deal, with methods of immobiliz¬ 
ing radioactive wastes in solids such as 
glass,^ ceramics, and cements, and the 
chemical and material properties of these 
solids that determine their integrity in 
environments encountered in typical 
waste repositories, such as salt beds, the 
ocean Hour, and crystalline rocks. Ex¬ 
periments dealing with the direct em¬ 
placement of fluid wastes below ground 
are also described. Other papers point out 
the importance , of long-term fission- 
product migration data gathered at the 
prehistoric natural reactor site at Okla. 

I’ll is hook is not for the casual reader; 
most of the papers are highly technical in 
nature and cover a wide range of scientific 
disciplines including geology, metallurgy, 
chemistry, physics, and mathematics. 
However, the technical specialist who 
wishes to become familiar with progress 
in research programs in radioactive waste 
management in other laboratories and 
countries will, find the book very use¬ 
ful— M. F, Duret, Atomic Energy of 
Canada, Ltd., Chalk River, Ontario 


Pulverized-Coal Combustion and 
Gasification: Theory and Applications 
for Continuous Flow Processes. L. 
Douglas Smoot and David '1', Pratt, eds. 
333 pp. Plenum, 1.979. $39.50, 

The editors of this inulliauthored book 
have succeeded in bringing together in¬ 
formation from a broad area of science in 
a well-integrated manner. Reviewed here 
are models of flow and mixing, chemical 
kinetics of combustion, gasification and 
pollutant formation reactions of coal 
particles finely dispersed in gaseous 
reactants, and of radiative heat transfer 
from such reacting particulate clouds to 
hounding surfaces. 

Scientists wishing to start work in this 
field will find the book, with its abundant 
references from the English-speaking 

literature, very useful.. Jdnos M. Beer, 

Chemical Engineering, M.l.T. 


Electric Power in the United States: 

Models and Policy Analysis. Martin L, 

Baughman, Paul L, Joskow, Dilip P, 

Kamat. 266 pp. M.I.T, Press, 1979, 

$29.95. 

A large-scale model of the electric 
utility industry is described here with the 
goal of simulating regional variation in 
response to national policy choices con¬ 
cerning environmental, economic, and 
regulatory constraints imposed on electric 
utilities. The model itself consists of three 
linked components characterizing de¬ 
mand behavior, supply decision-making, 
and the financial/regulatory sector of the 
industry. Because the da ta requirements 
and computational complexity associated 
with modeling any one of the three basic 
components are so formidable, the au¬ 
thors have relied on numerous simplifying 
assumptions to define a tractable struc¬ 
ture. 

The most interesting chapter discusses 
the validity of model calculations. They 
are tested by “backcasting” the model in 
an attempt to reproduce known industry 
behavior in the early 1970s, a period of 
major changes in demand, supply, and 
regulatory behavior. The rough shape of 
these changes is captured by the simula¬ 
tions, although a detailed replication is 
not achieved. 

: The chapters that report the results of 
policy simulations are less satisfying, 
These studies project future develop- 
ments on the basis of estimated future 
costs and constraints. Capital costs for 
electric generation facilities have esca- 
latecl rapidly in recent years, and this es- 
calation is not incorporated sufficiently 
into the data base used for projections. In 
some important cases the relevant costs 
are low by a factor of two, making the ag¬ 
gregate results of the projections unreli¬ 
able. 


•Such disappointing outcomes do not 
detract from the value of the book. The 
model represents the stale of flit' art in 
large-scale analysis of the electric utility 
industry, and the authors report on a 
model-development process that is still 
continuing. Given the importance and 
complexity of the electric utility industry, 
further modeling efforts such its this can' 
improve the lormuiation of national en- 
ergy policies. Edward Kahn, Lawrence 
Berkeley Lahnmtnry, University af CaU 
ifornin 


Solar Energy Conversion: Solid-State 

Physics Aspects, 11.0.Keraphm, cd. 

Topics in Applied Physics, :u. ;i;it; pp, 

Springer-Verlag, 1979. $49.90, 

This very timely book comes when an 
increasing effort is being made to develop 
alternative means for energy production, 
and when the solar approach promises 
cleanliness and long-term abundance. 
Instead of feeding neatly wrapped pieces 
of knowledge to the reader, it presents 
problems that need to be solved in the 
context of current understanding. Its aim 
is to challenge and stimulate the creative 
researcher, 

The book addresses itself to three 
major approaches to solar energy eon* 
version: photofhermal, photoelcclrolylie, 
and photovoltaic, In the photothennal 
process efficient absorption of solar en¬ 
ergy but low emissivity for the stored heat 
are sought. Hence the problem revolves 
around methods lor achieving spectral 
selectivity. This is not; a trivial problem, 
as evidenced by the many physical phe¬ 
nomena that call be used, Photoeledrol- 
ysis promises the generation of highly 
concentrated storable energy in the form 
of hydrogen. However, the problems in¬ 
volved in this approach appear formi¬ 
dable. With the new trend to make pho¬ 
tovoltaic solar cells thinner, questions 
arise about limitations in collection effi¬ 
ciency, the nature of the buck contact, and 
especially the carrier lifetime, The prole 
leniK involved in the C'uyS/CtlS solar cell 
are among the most challenging to a 
solid-state physicist. The last chapter on 
heterojunction solar cells is exl remely well.■, 
written and is a most substantive review 
of interfacial problems in photovoltaic 
devices. If 

Although the volume addresses itself 
mainly to materials scientists with theI 
hope of identifying current proltli ‘ms in 
need of solutions, it will he of equal in¬ 
terest to physicists, The publisher de¬ 
serves a compliment for including this 
subject in » fine series on applied phys¬ 
ics,- J, /. Pankova, RCA David Stmiuff 
Research Center, Princeton, NJ 






Thermodynamics and Statistical Me¬ 
chanics, Peter T. Landsberg. 461 pp. 

Oxford University Press, 1978. $26. 

Landsberg published his first book on 
thermodynamics in 1961. It was well re¬ 
ceived at the time, and one of its novel 
features was an attempt to formulate an 
axiomatics of the subject in §19. The 
present book is definitely not a second 
edition of the previous one, but a new 
work. 'Phis volume is easier mathemati¬ 
cally and ranges more widely but is of no 
greater length, However, its core section 
is much shorter. “But then seventeen 
years after writing a big book an author 
should have learned enough about his 
subject to be able to write a shorter 
one—-if he cares to do so!” Well, he did, 
and he took care, 

The preface clearly sets out the author’s 
goals: to present the subject "as alive, 
modern, and relevant,” with an emphasis 
on problems of energy conversion (espe¬ 
cially solar), a description of the universe 
and its development in time, and a dis¬ 
cussion of black holes, 

The book does not disappoint the 
reader and fulfills these aims satisfacto¬ 
rily, The author’s style is breezy and, in 
places, informal, but clear and atten¬ 
tion-catching, Nevertheless, he is opti¬ 
mistic in thinking that his book is suitable 
for self-study and undergraduate work, 
unless he has mature students in mind. It 
is, however, recommended for first-year 
postgraduate study, especially for a phi¬ 
losophically inclined group of curious 
young physicists. 

As far as energy conversion is con¬ 
cerned, I would have expected to see 
considerably more emphasis placed on the 
introduction of the concepts of energy and 
available work. These are present, in a 
way, but rather camouflaged in a welcome 
chapter on black-body radiation, From 
this point of view it would perhaps have 
been advisable to devote a little more 
space to entropy generation. 

The classical part is very concisely 
wri tten and occupies a mere 120 pages, It 
is written in the spirit of Born and Car- 
atheodory, but without the usual pon¬ 
derous formality, 1 like the idea of calling 
Gibbs's equation for open systems the 
Fourth Law of Thermodynamics (p.79), 
but miss'an emphatic cautionary state¬ 
ment that this law (or any other law of 
thermodynamics) does not apply to sys¬ 
tems with truly variable mass (because all 
thermodynamic potentials contain arbi¬ 
trary constants which cancel only for 
systems of fixed mass). The statistical 
portions, covering 200 pages, are squarely 
based on quantum mechanics and are also 
very compact. A section on the founda¬ 
tions of statistical mechanics brings out 
the quandaries connected with the ergo- 
die hypothesis, H-theorem, and fine¬ 
grained entropy, but shies away from the 
“alternative route of deducing thermo¬ 


dynamics from the principles of me¬ 
chanics via statistical mechanics.’’ 

Owing to the book's compactness, many 
topics dear to a reviewer’s heart fail to 
appear, but what is there provides ab¬ 
sorbing reading, supplies new angles on 
old acquaintances, and introduces unfa¬ 
miliar material. My only serious com¬ 
plaint is directed to the publisher, who 
used photo-offset from a typescript and 
failed to give the reader the satisfaction of 
a comfortable and esthetically pleasing 
visual experience.—Joseph Keslin, En¬ 
gineering and Center for Energy Studies, 
Brown University 


Fiber Optics: Advances in Research and 

Development, Bernard Bendow and 

Shashankn S. Mitra, eds., 693 pp. Ple¬ 
num, 1979, $59.50, 

This book includes the proceedings of 
a conference and selected lectures from a 
short course on fiber optics held at the 
University of Rhode Island in June 1978. 
It attempts to provide both broad and 
deep coverage of the entire field, and is a 
welcome addition to the literature, com¬ 
ing just at a time when there is enormous 
activity world-wide in bringing the first 
fiber optics communications systems 
on-line. 

As might be expected of a conference 
proceedings, the hook suffers from a 
rather uneven treatment of the field, as a 
whole, though most of the important 
topics are represented, It is strongest in 
the area of the technology and physics of 
optical fibers, a discussion of which com¬ 
prises approximately 60% of the book, 
Major subject headings include fiber 
materials and processing, strengthening 
of fibers, optical phenomena and charac¬ 
terization, propagation theory, and ra¬ 
diation effects. 

Unfortunately the book’s very strength 
means that it is weakest precisely in the 
areas that might interest the would-be 
systems designer, While most other topics 
relevant to the design of complete optical 
communications systems’ are present, 
their depth of treatment is, in general, 
only sufficient to provide background 
information. There is one article survey¬ 
ing the whole subject of system design and 
component selection, another on light 
sources, and a lew pages devoted to re¬ 
ceiver diodes. Only one complete system, 
is described (Bell Laboratories’ Atlanta 
and Chicago experiments), and essentially 
no space is devoted to digital data com¬ 
munications using fiber optics, Other , 
topics discussed include optical bistables 
and switching, connectors, splices, con-, 
piers, and several novel applications such 
as delay lines, acoustic sensors, and re¬ 
mote inelastic scattering light probes. 

This book will be most valuable to the 


reader whose primary interests are the 
optical fibers themselves. For those in- f 
(crested in other aspects of fiber optics 
and its applications, it will he mainly an 
introduction .—Martin W. Sachs, IBM f. \ 
J. Watson Research Center, Yorktown 
Heights, NY 


Acousto-Optics, J. Sapriel. Trans. Simon 

Francis and Barbara Kelly. 1211 pp. 

Wiley-Interscience, 1979. $20. 

This monograph serves both as tutorial 
and reference on acousto-optics in solids. 
Tenors, elasticity, piezoelectricity, surface 
and volume elastic waves, and phu- 
loacoustics are presented in a tutorial 
format using exercises with answers, Al¬ 
though the common bond of tensor 
mathematics ties the subjects together, 
the emphasis is placed on physical un¬ 
derstanding. The last half of the mono¬ 
graph outlines, with a liberal use of ref¬ 
erences, the basic concepts of ultrasonic 
diffraction of light, acousto-optic deflec¬ 
tors and modulators, and acoustic and 
acousto-optic material properties,— II. I). 
Cook, Mechanical Engineering, l/nwer - 
sity of Houston 


Laser Safety Handbook. Alex Mallow 

and Leon Chabot. 353 pp. Van Nos¬ 
trand Rein hold, 1978, $22,50. 

This hook proposes “to organize and 
compile under one cover information on 
the many and diverse considerations that 
affect laser safety.” The topics covered 
and the level of treatment are appropri¬ 
ate. For example, lasers are discussed at 
an extremely elementary level, hut the 
discussion serves to acquaint the render • 
with the essential concepts and termi- i 
nology required to implement a laser [ 
safety program. j. 

Five ihtroductory chapters address the j 

basic physical and biological consider- { 
ations and applicable measurement, 
techniques. Succeeding chapters consider, 
with numerous examples, protective , 
standards, evaluation and control of { 
hazards, federal and stale regulations, \ 
safety training and laser safety in the 
classroom, and requirements for eye ex¬ 
aminations ancl protective eyeglasses, A i 
final chapter deals with the effects of I 
propagation of laser beams through the A 
atmosphere. Three appendixes give a ' 
glossary and relevant documents. I. 

This comprehensive review of the field j 
will be valuable to individuals and insti- \ 
tutiona involved with establishing laser ; 
safety programs .—Jay M. Eastern, 1 
Laboratory for Laser Energetics, Uni’ i 
versity of Rochester [. 



History and Philosophy of 
Science 


Pioneer Conservationists of Western 

America. Peter Wild. 246 pp. Mis- 

soula, MT: Mountain Press, 1979. 

$12.95. 

The American West has always served 
as the focus of the American conservation 
movement. Poet and journalist Peter 
Wild provides a popular survey of that 
movement from its 19th-century origins 
to the present through 15 biographical 
sketches of conservationists who, in his 
words, contributed to an "ethic of care" 
about the natural environment of the 
West. 

Wild portrays his 15 subjects as pi¬ 
oneers of a new, caring way of looking at, 
nature. Explorer John Wesley Powell, for 
example, wrote about the need to develop 
a plan for using water in the arid West. 
John Muir campaigned for the estab¬ 
lishment of Yosemite National Park and 
founded the Sierra Club. Gifford Pinchot 
built the US. Forest Service, and Stephen 
Mather shaped the US. Park Service. 
Other subjects are Rocky Mountain Na¬ 
tional Park advocate Enos Mills, forester 
Aldo Leopold, biologists Olaus Murieand 
Garrett Hardin, Supreme Court Justice 
William O. Douglas, Sierra Club director 
David Brower, Secretary of the Interior 
Stewart Udall, and authors Mary Hunter 
Austin, Bernard DeVoto, Joseph Wood 
Krulch, and Edward Abbey. 

Wild’s list is a good sample of American 
conservationists during the past century. 
Given such obvious alternatives as Rachel 
Carson and Lady Bird Johnson, however, 
he made a poor choice in selecting bohe¬ 
mian Austin as the only example of a 
woman active in the conservation move¬ 
ment. Moreover, he downplays the sci¬ 
entific backgrounds of the early "pi¬ 
oneers” by overemphasizing the struggle 
against economic interests, At. the turn of 
the century the push was for national 
planning for the efficient use of natural 
resources, not against private com¬ 
panies. 

Writing primarily from secondary 
sources, Wild makes information about 
many conservationists accessible in one 
place, and he provides a good bibliogra¬ 
phy of works by and about, his 
subjects, Anne Millbrooke, History and 
Sociology of Science, University of 
Pennsylvania 

Sherrington: His Life and Thought. 
John C. Kccles and William C. Gibson, 
269 pp. Springer-Verlag. 1979, $18.70. 

As each historical epoch fades further 
away from us, we tend to focus on its more 
prominent figures, thereby enhancing 
some reputations and diminishing others. 
Sir Charles Sherrington (1857-1952) has 


been a rightful beneficiary of this ten¬ 
dency. Although several members of t he 
"Sherrington sehoor imve already written 
essays and monographs about their 
teacher and comrade, Kccles and Gibson 
have proposed to fill in some gaps. 

Among the authors’ stated aims is to 
provide an understanding of how Sher ¬ 
rington acquired the “prepared mind” 
that led him to his monumental synthesis 
of neurophysiology. In this effort, 1 be ¬ 
lieve, they have failed. Only 23 pages are 
devoted to the first 56 years of his life! 
This brevity was apparently deliberate, in 
deference to several previous studies t hat 
have outlined the activities of those years 
in greater detail, Unfortunately, no one 
has yet given a fully satisfactory account 
of Sherrington’s debt to the general in¬ 
tellectual milieu of his earliest years. 

Not. surprisingly, the authors' greatest 
success is their portrayal of Sherrington 
as the warm and busy human being they 
knew in the physiology laboratory at Ox¬ 
ford in the 1920s and 30s, None of the 
other monographic accounts has managed 
to give such a satisfactory description of 
Sherrington as a person. This accom¬ 
plishment is enhanced by the inclusion of 
several of Sherrington’s short essays in t he 
extensive Appendix. The piece called 
"Grindelwuld in Winter, 1887” is espe¬ 
cially charming, 

Sherrington deserves and ultimately 
will receive—a thorough analysis from the 
broad point of view of general intellectual 
history. When that work is done, some 
part of this hook will provide important 

source material.. Samuel H, Urmihlatt, 

Neurological Surgery, Medical College of 
Ohio, Toledo 


From Humanism to Science: MHO 
1700. Robert Mandrou. Trans, Brian 
Pearce;.329 pp. Atlantic Highlands, NJ: 
Humanities Press, 1979. $22. 

This, the third volume in the Pelican 
History of European Thought, is a lively 
and impressionistic survey of the six¬ 
teenth and seventeenth centuries, cul¬ 
minating in the Newtonian synthesis and 
the rise of a new scientific outlook, On- 
fortunately, the characterization of 
modern science offered by the author is 
too general to be illuminating, and his 
understanding of the experimental 
method will raise eyebrows among histo* 
rians of science for whom such statements 
as “The law of gravity, in its simplest 
terms, obviously demolished the Curie- 
sian physics of vortices" are a distortion 
ol the actual process whereby French 
scientists incorporated Newtonian ideas 
into the Cartesian framework, 

The translator had the difficult task of 
rendering Mandrou’s highly rhetorical 
style into English, and he is to be com¬ 
mended for his efforts .-William Shea 
Philosophy, McGill University 


Advice to a Young Scientist, P. It. 

Medawar. fUD pp. Harper A Row, 1979. 

15, 

This is file second volume of a series 
sponsored by the Alfred P, Sloan Foun¬ 
dation to encourage I la* public under 
standing of seience. Freeman Dyson's 
IHsturhing the Universe was file first. 
Medawar s hook is the slighter of the two; 
it is a collection of separate essays, un¬ 
specified parts oj which arc mentioned as 
having been previously published else¬ 
where. The essays, beaut il'tilly mid wittily 
written, purport to instruct the young 
aspirant as to what I lie fife, work, and 
character of a scientist ideally should be. 
Perhaps the best advice is in a quotation 
from Thomas Sprat (10671: “A true 
method of increasing industry is by t hat 
course which the Royal Society has begun 
in philosophy, by works and endeavours, 
and not by the prescript ions of words or 
paper commands." dune M. npjwrb 
heimcr, History nf Science, Bryn Miner 
College 


Mu* Illustrated Origin of Species. 

Charles Darwin, Abridged and edited 

by Richard Leakey, 341) pp. Hill mid 

Wang, 1979. $25. 

The Origin of Species retains a fresh ¬ 
ness for the modern render that one does 
not expect in a work of science written in 
1859. Mainly this quality is due to Dar 
win’s genius, especially his gift for at- 
tending to details that did mu fit, In pan, 
it is due to the lack of fool notes it is easy 
to substitute current concerns lor the 
sketches of 19th-century controversies 
that fill the hook. When one realizes what 
issues lie is actually addressing, great 
tracts ml the Origin lake on a distinctly 
nrehitic tone. It is only then that the ex¬ 
traordinary workings of Darwin's mind 
come to light. 

In this abridgment, Leakey has to 
moved the more obviously dated ot Dar 
win's concerns. Unfortunately, he used 
the sixth edition, with its elaborate re 
spouses to critics, rather fiiun the more 
direct first edition. The considerable 
residue of J 9th-century issues mid scion 
lints that remain in tin* text receive no 
explanation. Leakey adds phenotype and 
DNA, plutt* tectonics and Lysenko, The 
result is an Introductory biology teM, 
largely in Darwin’s words, tliat is more 
lavishly and rat her less imaginatively il ¬ 
lustrated limn many recent introductory 
texts. The illustrations are a politick as¬ 
sembly of stock natural history photon, 
newly commissioned and often garish 
drawings, and HHh-century lithographs 
and etchings. The one figure Darwin drew 
up lor the Origin, tare that is central to 
billowing his discussion ol innural selec¬ 
tion. is here almost illegible. Somehow, 
'■Bing. Shm Ruchmitin, Binlugv. Yuh> 
University . 
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given. 

Pugh, Emerson M. Wyoming Scientist: 
Horses to Spaceships. 283 pp. Hicks- 
ville, NY: Exposition Press. $15. 

Racker, Efraim. Science and the Cure »/ 
Diseases: Letters to Members of Com 
gress. 105 pp, Princeton University I 
Press. $12.50 cloth, $4.95 paper. I 

Segerstedt, Torgny, ed. Ethics for Science I 
Policy, Proc. Nobel Symp., Sodergarn, | 
Sweden, 1978.255 pp. Pergamon Press. I 
$25 cloth, $10 paper. \ 

Shapiro, Barbara, & Robert G. Frank, Jr. § 
EnglishScientific Virtuosi in the Kith I 
and 17th Centuries. Clark Library! 
Seminar, 1977. William Andrews Clark I 
Memorial Library, University of Cali-! 
fornia. $5 paper. 

Stegmuller, Wolfgang. The Structuralist I 
View of Theories: A Possible Analogue f 
of the Bourbaki Programme in the f. 
Physical Sciences. 101 pp. Springer- r 
Verlag. $15.40 paper. 

Turner, Dean, & Richard Hazelett, eds. I 
The Einstein Myth and the Ives Pa -! 
pers: A Counter-Revolution in Physics. [ 
313 pp. Devin-Adair. $22,50. 

Warner, Deborah J. The Sky Explored: f 
Celestial Cartography 1500-180(1 .293 \ 
pp. Alan R. Liss. $70. . 

Webster, Charles, ed. Health, Medicine 4 
and Mortality in the Sixteenth Cen ■ I 
tury. Monographs on the History of I 
Medicine. 394 pp. Cambridge Univer-1 
sity Press. $39.95, § 

Windle, William Frederick. The Pi- § 
oneering Role of Clarence Liri/jcr |- 
Herrick in American Neuroscience. 
140 pp. Hicksville, NY: Exposition § 
Press. $7.50. ri-i 


The 1980’s are here! The decade of 
the personal computer has arrived, and 
BYTE has made it happen! BYTE - 
the small systems journal devoted to 
personal computers ~ has helped usher 
in the new era. Leading the personal 
computer revolution, which is already 
transforming home and personal life, are 
BYTE’s 160,000 enthusiastic readers. 
Their enthusiasm has made BYTE the 
largest computer magazine in the world! 


To be knowledgeable in the 1980’s 
you need to know how to use personal 
computers. BYTE is your personal 
guide to the new era. BYTE tells you 
how to build, buy, and use computers 
for fun, practical purposes, and profit, 
With help from BYTE, you can experi¬ 
ment right in your own home with 


evn 


the small systems journal 
A McGRAW-HiLL PUBLICATION 


graphics, word processing, computer 
music, speech synthesizers, simulations, 
robotics, personal data base manage¬ 
ment, business computing - and 
hundreds of other fascinating hardware 
and software applications. 


Resolve now to expand your 
computer knowledge. Subscribe to BYTE! 


f ill in .irit I r»i. til iIm- < imiMM 1 tiidiv. R«m<I vmir fli-.r c.< ifiy < »l BYTICII ii 
is m'lythinfj yon nur tnvriiu*. It j| mi'I, ju j wile 

TiHhvI” mi ilu- inviiii t» and until fl Ink Ii, Yon won’) lie billed din I 
Hit’ licit issue is yiiiifi ill ihhImwj*' 


Call us toll-free I 

800 - 258-5485 


BYTE Subscription Dept. P.O. Box 590 Martinsville, NJ 08836 
Please enter my subscription for: 


jOneyMr$l8(!2issues) I I Two years $32 ! I Threeyears$■ 


| U Ou’i k ith lo^il me to 13 wiles lor prir.uol 12 (North Amerlm mill 
, I-1 Bill Vise ! I Bill Miistw ChtirtH' i. J Bill mu (Ni wilt America only) 
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Hold On To Your Hat! 

while you consider these notable books for your science library 
(and this splendid spring offer) from WILLIAM KAUFMANN, INC, 



Creativity’. 

Lroblt'i'^ v "’ p I 

hst&l 


The Universal Traveler 

A Soft-Systems Guide to 
Creativity, Problem-Solving 
and the Process of 
Reaching Goals • 

DON KOBERG and JIM BAGNAIX, 128 pp„ illus. 
Over 150,000 copies in prim, "This is probably the 
book most likely to open the door to problm-solying 
kinds of thinking. Its digestible-pieces format, full of 
big graphics, lists, wide-ranging content, could be ttp- 


mems; as welt, it can tie used ...to size up toe tourney 
of life..." —The Rainbook: Resources for Ap¬ 
propriate Technology, 

$5.95 paperback A 


Splendid Spring Offer! 

Free with every purchase of $15,00 or more: A 
copy of T/ae Universal Traveler , our “soft-systems” 
bestseller, Limited time only: Offer expires S/31/S0. 

Chicken Soup 
& other medical matters 

S, HARRIS, Foreword by WILLARD ESPY. 
10" x 7”, 108 pp„ illus. 

Like chicken soup itself, Sid Harris’s new book is a 
sure cure for whatever ails you. Chicken Soup is his 
first book since What's So Funny about Sciencel (a 
best-selling book and a selection of the Library of 
Science Book Club), newly assembled from Playboy, 
Saturday Review, The Wall Street Journal, The 
Washington Star, The Chicago Tribune and many 
other newspapers and periodicals to which he con¬ 
tributes regularly. ■ 

$7,95 hardcover B; $3,95 paperback C 


Draw! 

A Visual Approach to 
Learning, Thinking and 
Communicating 

KURT HANKS and LARRY BELLISTON. 10” x 9", 
242 pp,, illus. 

Over 900 drawings, cartoons, sketches and 
photographs, and brier, easy-to-grasp discussions of 
the essential tools, methods and techniques of 
modern drawing and design, "A veritable symposium 
on the visual media ,,, Hanks and Belliston are really 
showing us hem to turn on an unused channel of 
thinking; hem• can you refuse such an offerr 


The Earth and Its 
Inhabitants 

Selected Readings from 
American Scientist 

BRIAN J, SKINNER, Editor, 

A new series of books of readings for students and 
lay readers interested in The Earth and Its In¬ 
habitants. The bqoks will be published in uniform 
8Pi” x 11” trim size, and will consist of articles 
from American. Scientist magazine, selected and 
organized under the general editorship of Brian J, 
Skinner, Eugene Higgins Professor of Geology and 
Geophysics, Yale University, 

The books in the series will be published during 
the spring and summer of 1980, in time for use in 
courses starting in the fall, Each paperboiind, book 
in the series will contain the full text and illustra¬ 
tions ham American Scientist and will be uniformly 
priced at $5.95. Included in the series are the follow¬ 
ing titles; 

The Solar System and Its Strange Objects F 

Earth's History, Structure and Dating Methods G 
The Atmosphere, the Ocean and Climate H 
Earth’s Energy and Mineral Resources I 

Animals, Plants and Their Environments J 
Paleontology andPaleoenvironments K 

Evolution of Man and His Communities L 

Use andMisitse of the Earth) Surface M 

When ordering, please specify titles you would like to 
receive. Individual titles will be shipped as they are 
completed during 1980, 

Instructors: Examination copies of this book are 
available from the publisher on request, 

$5.95 paperback, per title 

What’s So Funny 
about Science? 

Cartoons from 
American Scientist 
Sidney Harris. 120 pp, , 

A collection of over 100 cartoons on a remarkable 
range of scientific and technical subjects, bringing 
out what is human and humorous in sophisticated 
scientific inquiry. S, Harris’s inimitable cartoons 
have appeared in Time\ The Hew Yorker, Playboy and 
many other publications, "For years we were aware 
that Albert Einstein and Werner Von Braun weren't 
tickling our funmbmes, Now we know what's so fun¬ 
ny about science. It's Sidney Harris." —Bob and Ray, 

' America's premier science cartoonist.''-Science SO. 
$7.95 hardcover N; $3,95 paperback 0 

WhoEs So Funny 
oboul Science? __ 

SM»uH<wii f l. tKinK, t/terefor^i 

v i am p<iiJ. ) 
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“I think, therefore 
I am paid” T-Shirts 

S, HARRIS T-Shirts adapted from his classic What's 
So Funny about Science} cartoon. Woman's shirt 
'French cut) features a female thinker; man’s shirt 
gular cut), a male thinker. Please specify size (S, 
L XL) and style (man or woman) with order. 


Professor E. McSquared’s 
Calculus Primer 

Howard Swann and John Johnson. 2 14 P p„ 

illus. 

Through brilliant use of cartoons and ingenious 
analogy, the Professor and his friends introduce 
calculus with unbelievable energy, humor and clari¬ 
ty. Idealior self-study.“ Incredible .,. throughout the 
authors have lavishly spread their humor ; poking ju$ 
at the 'gabbledygook' and rmstiaue of mathematid 


pletnent “Perhaps the most original primer on 
calculus yet devised."-Neve York Public Library, 
$7.95 paperback Q aflk 


The Flight of Peter Fromm 

A Novel 

MARTIN GARDNER. 272 pp. 

The first paperback edition of Gardner’s "brilliantly 
illuminating metaphysical novel" (The New Yon: 
Times), set in and around the University of Chicago -; 
in the years before and after World War II. "TkebeiU 
book about evangelical Christianity I’ve ever red 
[After reading a library copy,] l loved it so much thatli 
ordered my own copy from the publisher, for / kneid) 
that in the years ahead I would want to read it mami 
many times. A book to savour and enjoy, The Flight j 
of Peter Fromm is surely the most underrated novel cf j 
the last ten years." -Hamilton Gregory, Instruc¬ 
tor of English, Asheville-Buncombe Technical ; 
College and Former Correspondent, The I 
Associated Press. 

$8.95 hardcover R; $4,95 paperback S 


William kaufmann, Inc, 

One First St., Los Altos, CA 94022] 

Please send me the books and other items whose} 
letters are circled below. I understand that if l 
am not completely satisfied, I may return the 
order within 30 days for a complete refund or. 
my purchases. sa «. 

ABCDEFGHIJKLMNOPQRf 

T-shirt Size and Style_I 

□ Enclosed is full payment plus SI.00 ship 

ping charges. (California residents pleasejj 
add sales tax.) f 

□ Please charge my purchase to (circle one); 

VISA Master£hjarge 

Credit Card Number $Exp. Date f 

¥ 

Print name as it appears on card 
Signature 



State _ Zip _ J 

,P send g copy of your latest catalog. j 

Remember: A copy of The Univem 
Traveler will be sent Free with every orders! 
$15, CO or more. BONUS! For all ordeij 
above $53.00, excluding tax and shipping 






















BALLINGER / ENERCYand ENVIRONMENT 


COAL-BRIDGE TO THE FUTURE 

Report of the World Coal Study, Volume I 
Carroll L. Wilson Project Director, MIT 
May 1980 276 pages . $12,95 

FUTURE COAL PROSPECTS 

Country and Regional Assessments 
Report of the World Coal Study, Volume II 
Carroll L. Wilson, Project Director, MIT 
June 1980 ca.$35.00 

RESPIRABLE PARTICLES 

Impact of Airborne Fine Particulates on 
Health and the Environment 
Frederica P. Peiera and A. Karim Ahmed, 
Natural Resources Defense Council 
September 1979 208 pages $16,50 

THE GREENHOUSE EFFECT 
Harold W. Bernard 

May 1980 ca,144 pages ca. $14,50 

WORLD ENVIRONMENTAL 
DIRECTORY -4th edition 

Editor, Beverly E. Gough, Business 
Publishers, Inc. 

April 1980 ca.600 pages $57.50 

THREE MILE ISLAND 

Prologue or Epilogue? 

Daniel W, Martin, University of Baltimore 
March 1980 ca,264 pages $14.50 

RADIOACTIVE WASTE 

Politics, Technology and Risk 
Ronnie Lipschutz, Union of Concerned 
Scientists 

l February 1980 288 pages $14.50 

SELECTED STUDIES ON ENERGY: 
Background Papers for Energy: The Next 
Twenty Years 

Study Group Project of the Ford Foundation 
February 1980 ca.400 pages ca,$30.00 

ENERGY: THE NEXT TWENTY YEARS 

Report of the Study Group - Energy: The Next 
Twenty Years 

Chairman, Hans Landsberg, Resources for the 
Future 

Foreword by McGeorge Bundy 
September 1979 656 pages 

$25.00 cloth $12,00 paper 

OIL AND THE OUTER 
COASTAL SHELF: 

The Georges Bank Case 

William R, Ahem, Jr., Energy Coordinator, 

California Coastal Commission (San Francisco) 

Foreword by Richard Neustadt 

1974 164 pages $18.50 

COMPETITIVE BIDDING 
UNDER UNCERTAINTY 

The Case of Offshore Oil 

Albert K, Smiley, Center for Environmental 

Studies, Princeton University 

1979 112 pages $19.50 

SAVING ENERGY IN THE HOME 

Princeton s Experiments at Twin Rivers 

Edited by Robert H. Socolow 

1978 360 pages $16,50 


ENERGY STRATEGIES BUILDING TO SAVE ENERGY 

Toward A Solar Future Legal and Regulatory Approaches 

A Report of the Union of Concerned Scientists Grant P . Thomps0ll) Environmental Law 
Edited by Henry W. Kendall and Stevin J. Nadis institute 

February 1980 320 pages $16.50 February 1980 288 pages $22.50 

NATIONAL ENERGY ISSUES ENERGY CONSERVATION FOR 

HOW DO WE DECIDE? AMERIC AN AGRICULTURE 

Plutonium as a Test Case Robert Friedrich, Environmental Law Institute 

Proceedings of a Symposium of the American 1979 184 pages $16.50 

Academy of Arts and Sciences/Argonnc , , ___ 

National Laboratory USING LAND TO SAVE ENERGY 

Edited by Robert G. Sachs, University of Corbin Crews Harwood, Environmental Law 

Chicago Institute 

January 1980 360 pages $25.00 1977 352 pages $19.50 

APPROPRIATE TECHNOLOGY AND ?^S*!J™ CUREMENT 

SOCIAL VALUES AND OPERATIONS 

Mtei by Franklin A. Long, Comll U, l™, 1 ’ '«<« 

and Sandy Olejon, AAAS * 1,77 224 ™“ 

February 1980 232 pages 122.S0 REGULATING SENSITIVE LANDS 

__ ^ Jon A. Kusler, Environmental Law Institute 

DEVELOPMENT AND DIFFUSION OF June 1980 ca.256 pages ca$18 50 

THE NUCLEAR POWER REACTOR: 

A Comparative Analysis TOSCA : 

Peter deLeon, Solar Energy R esearch Institute The Total Cost of Coal and Nuclear Power 

A Rand Graduate Institute Book Linda Gaines, R. Stephen Berry and Thomas 

October 19 79 360 pages $17.50 Veach Long III 

1979 136 pages $17.50 

NUCLEAR POLICIES 

Fuel Without the Bomb U.S. ENERGY POLICY 

Albert Wohlstetter, Victor Gilinsky, Robert Errors °f * lie Past, Proposals of the Future 

Gillette, and Roberta Wohlstetter Edited by Walter J. Mead and Albert E. Utton 

1978 120 pages $16,50 197 9 280 pages $19,50 

DIRECTIONS IN ENERGY POLICY STALEMATE IN TECHNOLOGY 

A Comprehensive Approach to Energy Innovations Overcome the Depression 

Resource Decision-Making Gerhard Mensch 

Proceedings of the International Scientific 1979 272 pages $18.50 

Forum on an Acceptable World Energy Future. 

Nov, 27-Dec. 1,1978 THE SALT EXPERIENCE 

Edited by Behrman Kursunoglu an d Arnold Thomas W. Wolfe 

Perlmutter, University of Miami A Rand Corporation Study 

January 1980 560 pages $38,00 1979 288 pages $18.50 

SOLAR ACCESS LAW ENERGY AND THE COMMUNITY 

Protecting the Access to Sunlight Edited by Raymond Burby and Fleming Bell 

Gail Boyer Hayes, Environmental Law Institute 1978 144 pages $17.50 

1979 320 pages $18,50 

ENERGY CONSERVATION IN 

ENVIRONMENTAL AWAKENING THE OECD; 1980-2000 

The New Revolution to Protect the Earth James M, Griffin 

Rice Odell, The Conservation Foundation 1979 288 pages $20.00 

April 1980 320 pages $12,95 

ECONOMIC AND SOCIAL 
CONSEQUENCES OF NUCLEAR 
ATTACKS ON THE UNITED STATES 

Arthur M. Katz 

A T T TV Summer 1980 ca.240pages cr,$18.50 

r j)ALUNCjrhK.„ 

PUBLISHING COMPANY i 

17 Dunster Street, Cambridge, MA 02138 Telephone: (617) 492-0793 I 
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. □ Payment enclosed 
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Image analysis with a 
human touch 



Extract information 
at a touch 

The Zeiss Videoplan is a compact 
system combining the capabilities 
of a powerful microcomputer with 
the discrimination faculties of the 
operator’s own eyes and intelli¬ 
gence. Analyze directly through a 
microscope, or from photographs, 
negative material, projections, 
drawings, X-rays, even directly 
from video cameras mounted on 
electron or light microscopes. 


Display information 
at a touch 

A single touch provides direct 
access to all instructions and 
subroutines of several programs, 
including Basic Measurement 
and Evaluation, High-level Statis¬ 
tics, Distribution, and Stereology. 

A 64K computer memory coupled 
with dual floppy disc drives is 
designed for maximum storage, 
speed, and flexibility, 

Nationwide service. 


The gre at name in optics 


ZEISS 


West Germany 


Carl Zeiss ^^lnc,4445Bi Avenue, New York, N.Y. 10018(212)730-4400. Branches: Allanta. Boston, Chicago Houston Los Am*. 
San Francisco, Washington D.C In Canada: 45 Valleybrook Drive, Don Mills, Omaha M3B 2SfiOr call (410) 4494660 





































Sigma Xi, The Scientific Research Society 


American Scientist 


President Melvin Kranzberg 
President-elect Herbert E. Longenecker 
Executive Director Thomas T. Holme 
Treasurer Gordon B, Carson 
Immediate Past President Dean E, McFeron 


Editorial Staff 

Editor Jane V. Olson 
Managing Editor Michelle Press 
Assistant Editors Catherine lino, I 

Lin Peterson j 

Editorial Assistants Sandra Ackerman, 1 
Anne-Marie Demetz, Jane Hersey \ 

Permissions Joan S. Moynihan ’ 

Artwork Linda Price Thomson J 


A Message from the President 

Science changes and, in the process, changes the world. But the world, as it 
changes, also transforms science. Sigma Xi is so thoroughly integrated into 
the operations of science that, not surprisingly, it has mirrored and reflected 
the great changes occurring in the social context of science; and, as benefits 
an organization of our leading scientists, Sigma Xi has taken the lead in 
helping science respond to the new world which has come into being and to 
the new demands which society is continually placing upon science. 

However, institutions are not simply anonymous and autonomous entities. 
They consist of human beings, and they are led by individuals who are com¬ 
mitted to their goals. In the case of Sigma Xi, the individual most responsible 
for the growth of the organization and for the expansion of its activities during 
the past quarter century has been Dr, Thomas T, Holme, Under his direction, 
which began in 1953, Sigma Xi has increased its active membership two and 
one half times, had its endowment for research grow from $15,000 to more than 
half a million, raised its annual support for grants in aid of research by a factor 
greater than twelve, enlarged its national lectureship program, increased the 
number and heightened the quality of its publications, developed an inter¬ 
national membership, and assumed leadership in making science responsive 
to society and in bringing society to a greater understanding of science. 

After more than twenty-five years of faithful dedication, Tom Holme has 
announced his intention to retire a year from now. The Board of Directors has 
reluctantly acceded to his wishes and has appointed a Search Committee to 
seek a new Executive Director, His successor would not be simply a replace¬ 
ment—no one can ever replace Tom Holme—but someone pledged to carry 
on in his spirit of service and to move Sigma Xi in new directions, just as Holme 
has been ever sensitive to the changing needs of the scientific community. 

As I approach the end of my term as president, I am keenly aware of how much 
I have relied on the strength and continuity provided by our longtime Exec¬ 
utive Director, as well as on the support of the Board of Directors, the officers 
of our chapters and clubs, and, indeed, the entire membership of our great 
organization. As I turn the president’s gavel over to Dr. Herbert Longenecker, 

I want to thank all my “companions in zealous research” and express my ap¬ 
preciation for their friendly and loyal support during my term. To those who 
would denigrate science as “inhuman” and scientists as “inhumane,” all I can 
do is point to the lesson of my own heartwarming experience as president of 
our largest scientific research society: scientists still remain committed to the 
search for truth and to the use of scientific knowledge for the benefit of 
mankind. 
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A ^forager bee, the “basket” hairs on her rear legs loaded 
with pollen, performs a waggle dance, indicating to the si 
attending bees the distance and direction of the flower 
patch from which she has returned, See the article by 
James L, Gould, p. 256. (Photo by Kenneth Lorenzen.) 









Letters to the 
Editors 




3'x2' FULL COLOR NASA SPACE PHOTOS 

NASA's Most Beautiful Scenes from Space now available 
as large, titled, Full-Color Prints, Bring your borne and 
office into the space age with these striking "windows 
on space." Available unframed, or quality framed with 
color coordinated mat, silver chrome frame, and non¬ 
glare glass. Order yours Today! 

FRAMED UNFRAMED 

fa *79 95 *199Seach 

plus $6,00 postage plus $3.05 postage 


1 "FULL EARTH" C $79.95 (Ml □ $19.95 (34"x221 

• "EARTH RISE" f i 73.95 (W) □ 19.95134"x22"l 

• "MARTIAN SUNSET" ["! 79.95 <3'*2'l □ 1995IMWI 

• J-'FULL JUPITES" H 79,95IM’I □ I995W*?2''I 

PIUS POSTAGE $8,00 $3.05 

PAYMENT ENCLOSED $__ 

(plus postage) Calif, residents add 6% Sales Tax 

U j3 i &Si 1,0 _—Expires_ 

OR CALL / 1-800-824*7888, Op, #862 

TOLL FREE/ in Calif. 1-800-852-7777, Op. fN62 

WOODSTOCK PRODUCTS E-iSfuWfilbf? 



LOOKING FOR ADVENTURE? 
Come to Botswana on a 
trail of discovery! 

Botswana has one of the lowest population 
densities in Africa. Vast areas ofits environment 
are virtually untouched by man. Approximately 
17 percent of the country's area is devoted to 
wildlife in national parks and game reserves, 
You are therefore sure of exploring Hie world of 
animals and tiirds in their most natural habitat, 
This includes the scenery of the limpid, lily- 
spangled expanse of the. Okavango delta and 
also die dry, harshly beautiful Kalahari, Yes, it is 
expensive to come here; but you can have an ex¬ 
clusiveness not possible in more commercialized 
countries of Africa, . 

Accommodations are not luxurious but quite 
welcoming to the more adventurous, Let's be 
honest, our roads and other communications are 
not good, our airports are small. You will not get 
a computerized guided tour-but you will find 
adventure! 

Write to us for more information: 

Department ofWildlifc, 

National Parks &> Tourism 
P.O. Box 131 

Gaborone, Botswana. (Africa) 


Wrong island? 

To the Editors: 

Your paper “Barrier Islands,” by 
Robert Dolan, Bruce Hayden, and 
Harry Lins ( American Scientist 68: 
16-25, January 1980) , was of special 
interest to me because I grew up on 
the one identified in Figure 5 as 
Ventnor Island, 

I believe, however, that Absecom 
Island is the correct name of that 
island. Atlantic City and the towns of 
Ventnor, Margate, andLongport run 
from northeast to southwest on that 
seven-mile-long, carrot-shaped island 
five miles off the mainland, 

Since the island was only about five 
to ten feet above mean sea level, there 
were no cemeteries on it, and I re¬ 
member digging out from one foot of 
sand many times after typical 
nor’easters and high tides. 

Joseph A. Bligh 
2866 Daneland Street 
Lakewood, CA 90712 


Zeolites and 
mesothelioma 

To the Editors: 

Under the heading “Hazards of 
volcanic tuff,” letter writer Charles A. 
Wood (American Scientist 68:6, 
January 1980), commenting on the 
article by Grant Heiken entitled 
“Pyroclastic Flow Deposits” (Amer¬ 
ican Scientist 67:564-71, September 
1979), states that “alteration of pri¬ 
mary volcanic minerals [sic] to fi¬ 
brous zeolites appears to be well cor¬ 
related with the occurrence of pleural 
mesothelioma.” 

I submit that Wood’s letter should 
have been headlined “Hazards of 


Misreading the Literature,” because , 
it is obvious that Wood has only ] 
scratched the surface of a highly . 
controversial subject and has unjus* ■ 
tifiably maligned a valuable and ] 
beneficial group of minerals in the 
process. Wood cites a short paper by | 
G. Ataman (1978) to back up his ] 
statement, but no serious reader of j 
the Comptes Rendus article could | 
accept its lack of data and Ataman’s 1 
unsubstantiated statements as suffi- f 
cient support for a convincing corre- [ 
lation between zeolite minerals and r 
cancer. L 

To be sure, several reports have V 
emerged concerning the extremely ; 
high incidence of pleural mesotheli- • 
oma in two small Turkish villages [ 
(Karain and Tuzkoy) and the pres¬ 
ence of trace to minor amounts of ; 
acicular erionite in some of the bed- \ 
rock and indigenous wall-block sam* [ 
pies in these villages. However, a re- l 
connaissance study involving more 
than 200 samples from 40 villages in 1 
the region, by R. A. Sheppard of the I 
U.S. Geological Survey, Oguz Ardaof | 
Turkey’s Mineral Resource and Ex- f 
ploration Institute, and myself, has I 
shown that this same zeolite is I 
present in trace to major amounts in j 
four other villages that are located in / 
the same geological environment, but [ 
where no mesothelioma has been f 
discovered. 

These findings, reported by me (in f 
U.S. Geological Survey Open-File 
Report 79-954, and in AIME Preprint j; 
79:332), do not support the correla¬ 
tion referred to in Wood’s letter. [■ 
Rather, they suggest that no rela- 
tionship exists between the occur- . 
rence of zeolites in this region and the 
incidence of malignant disease. V; 

There is no question that the 
mesothelioma problem in these two ) 
Turkish villages is a serious one and 
that it should be thoroughly invest! I 
gated. I do not know what is re- 1 
sponsible for the high rate of this 
particularly lethal form of lung cancer 
in Karain and Tuzkoy, but all of the s 
available data—mineralogical, K 

chemical, medical, genetic, and epi¬ 
demiological—must be carefully ex¬ 
amined and seriously considered be¬ 
fore pinning carcinogenic labels on \ 
anything. J 

Frederick A. Mumpton 
Department of the Earth Sciences 
State University College 
Brockport, NY 14420 

G. Ataman. 1978. C. R, Acad. Sc. Paris, Ser. A.,287: i 
207-10. i: 
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Methods of memory 
research 

To the Editors: 

“Is Human Memory Obsolete?” by 
W. K, Estes (American Scientist 
68:62-69, January 1980) is a good 
short exposition on the current state 
of affairs in human memory research. 
I find the flavor of this state of affairs 
distressing, however. 

Memory research is largely irrele¬ 
vant to mind. Although we may be 
comforted that human memory is not 


obsolete, although comparisons are 
made to show that human memory 
and computer memory are funda¬ 
mentally different, and although 
computers are perceived as powerful 
tools for sharpening our research 
methodology, the fundamental flaw 
so evident in the article is the research 
methodology. Estes uses discrete bits 
of information (letters or digits) to 
prove that short-term memory can be 
understood in terms of uncertainty 
distributions. This may be an im¬ 
provement on Miller’s initial discov¬ 
ery more than two decades ago that 
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probed the limits of short-term [ 
memory. f 

I believe that Simon’s direction is j 
far more fruitful—for it identifies and i: 
underscores a more significant di- j 
mension: human beings are capable of ; 
chunking information. Thus, short- j 
term memory can be radically ex- 
tended in capacity. As de Groot has 
shown, a chess grandmaster can per- j 
ceive a complex array of chess pieces % 
on a chessboard as a single chunk of l 
information. A unique feature of [ 
healthy human beings is the auto- ! 
matic organization of information. J... 

This ability to capitalize upon prior j 
knowledge in the perception and ac- I 
quisition of new information is a I 
singularly human characteristic.] 
Human beings are capable of con- j,. 
ceptualizing! They routinely abstract I 
and recombine information, which, j 
when meaningfully internalized, be- | 
comes integrated in long-term mem- | 
ory. Abstract symbols carry meaning j 
for the individual—both shared de- I 
notative and idiosyncratic connota- 
tive. Most important, the existent : 
idiosyncratic cognitive structure 
profoundly affects perception and t 
future learning. Thus human beings r 
differ from computers both in their | 
idiosyncracies and, more important,) 
in their ability to learn meaning-1 
fully. 

The computer is a tool which helps 
to extend human computation. But 
just as the microscope will never re¬ 
place the eye, and the robot will never 
replace the human body, so the com-! 
puter will never substitute for the j 
human mind. We must therefore; 


begin to investigate more seriously j 
the unique ability of human beings to i; 
conceptualize and learn meaningfully.! 
Only with such research will we be! 
able to improve schooling and solve I 


the problems that face the human 
species. These are not simple dilem- ■ 


mas that can be solved with techno¬ 


logical solutions modeled upon com¬ 
puters; they are, to a large extent, 
moral problems which necessitate a ! 
finer grasp of what makes human 


beings tick. We know what makes 
computers tick—human beings. 

A. Leon Pines 
Department of Psychology 
University of Maine at Farmington, 
Maine 14938 

de Groot, A. D. 1965. Thought and Choice in Chess 
The Hague: Mouton. 





Miller, G. A. 1956. The magical number seven, pie | 
or minus two: Some limits on our capacity for | 
processing information, Psychological Rem | 
63:81-87. 

Simon, H. A. 1974. How big is a chunk? Sci«i« | 
183:482-88. | 
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Sigma Xi News 



1980 Annual Meeting 

From 10 October through 13 October the 
Town and Country Hotel In San Diego, 
California, will be the setting for the So¬ 
ciety's 81st Annual Meeting. The 1980 
Meeting Committee, under the chairman¬ 
ship of Dr. Frederick W, Crawford of the 
Stanford Chapter, is developing a pro¬ 
gram which they hope will receive as fa¬ 
vorable an evaluation from this year's 
delegates as did last year’s meeting in 
Wisconsin, which, according to the ques¬ 
tionnaires returned by the 1979 dele¬ 
gates, was rated by 91 % as good to ex¬ 
cellent. Even more important than the 
high ratings were the comments and sug¬ 
gestions for the improvement of future 
meetings. They are studied carefully for 
possible application or adoption but can¬ 
not always be implemented, because of 
Sigma Xi’s limited resources. 

Although 54% of the delegates respond¬ 
ing still favor meeting away from a major 
city—in spite of the fact that this prac¬ 
tice has sometimes required a one-to- 
two-hour bus ride in addition to the time 
for plane travel—the 1980 location In the 
major city of San Diego was chosen for 
its unique combination of attributes and 
advantages. Not only will the setting be in 
an almost ideal environment, travel times 
to and from the airport will be reduced to 
a minimum, and Serendipity Day features 
will be but minutes away. 

The primary purpose of the meeting, as 
required by the Constitution, will be the 
convening of the Assembly of Delegates 
in which body is vested the major gover¬ 
nance of Sigma Xi's organization, pro¬ 
grams, and activities. The 1980 Assem¬ 
bly will receive reports from the Officers 
and Committee Chairmen covering ac¬ 
tivities for the fiscal year 1979-80 and 
have the opportunity to question those 
responsible and accountable for the So¬ 
ciety's performance during the 1980 fis¬ 
cal year, It was precisely to ensure this 
trustee and governance function that the 
payment for subvention of delegate travel 
by the Society was authorized by the 
1967 Assembly of Delegates. 


The program for the 1980 Annual Meet¬ 
ing, in addition to providing time for the 
Assembly of Delegates to fulfill its re¬ 
sponsibility for the control of Society 
business, will be arranged to give a num¬ 
ber of opportunities for delegates to par¬ 
ticipate in discussions of common inter¬ 
est to their chapters and clubs. 

Again in 1980, Serendipity Day will be a 
feature of the Annual Meeting, as it has 
been for the past 12 years. This day, at 
the midpoint of the meeting, not only pro¬ 
vides the delegates with a change of 
pace and the opportunity to consider 
matters on which they will have to pass 
judgment before adjournment but it also 
offers them a choice of full or half-day 
tours to the famous San Diego Zoo, Sea 
World, Tijuana, and other places of inter¬ 
est. The Serendipity Day tours offer one 
of the best opportunities for Sigma Xi 
‘'companionship" among the delegates; 
the value of this experience gets high 
marks unanimously year after year by 
delegates in their comments on the post¬ 
meeting questionnaires. The 1979 dele¬ 
gates favored continuation of Serendipity 
Day tours and visits by a margin of three 
to one. 

A feature introduced for the first time at 
the 1979 Meeting—the Poster Session- 
had an enthusiastic acceptance and will 
be continued and expanded in 1980, 
under the coordination of Dr. Stallard 
Waterhouse of the Plattsburgh Club and a 
member of the 1980 Meeting committee. 
The 1979 posters and handouts con¬ 
veyed to the delegates a myriad of infor¬ 
mation pertaining to the many and di¬ 
verse activities developed by various 
chapters and clubs for precollege stu¬ 
dents, undergraduates and graduate stu¬ 
dents, the community at large, and 
science teachers and scientists, as well 
as ideas for club/chapter management. 

In 1980, it is hoped that the posters will 
show that some of the Information from 
the initial presentation has stimulated 
similar or new kinds of activities within 
and between other clubs and chapters. 


Search for new Executive 
Director 

The March-April issue of American Sci¬ 
entist announced the planned retirement 
of Dr. Thomas T. Holme, the long-time 
Executive Director of Sigma Xi, which is 
scheduled for 30 June 1981. Also an¬ 
nounced was the appointment of an ad 
hoc Search Committee of 7 members to 
assist the Executive Committee, whose 
responsibility it is (see Article IV, Section 
7(a) of the Constitution) to make the rec¬ 
ommendation for the new Executive Di¬ 
rector. 

The Search Committee held its first 
meeting, primarily organizational, in 
Washington D.C. on 23 March. Of 
course, with the announcement not yet 
public at that time, there were no nomi¬ 
nations or applications to be considered. 

The Committee plans to place advertise¬ 
ments in a number of scientific and edu¬ 
cational journals, stating the duties of the 
Director and the qualifications that are 
being sought in the person who will take 
over the position next year. 

The Committee will be searching for ! 
someone able to communicate to the f 
scientific community the Society’s im- j 
portant role as an honorary society in en- f 
couraging research and providing inter¬ 
disciplinary fellowship. Responsibilities 
of the position include implementing the 
policies and programs of the Society and 
administering the National Office. 

Candidates for the position, preferably ! 
members of the Society or qualified for f. 
membership, should have a general | 
knowledge of the scientific disciplines f 
from which the membership is selected, l 
a familiarity with publishing a scientific 
journal, experience In preparing and ad¬ 
ministering a substantial annual budget 
($3-5 million), and full understanding of 
the financial and investment aspects of a i' 
not-for-profit tax-exempt corporation. 

Applicants are invited to submit current 
curriculum vitae or resumes together 
with the names, addresses, and tele¬ 
phone numbers of three references to: 

Caryl P. Haskins \ 

Chairman, Search Committee 
Sigma Xi, The Scientific f 

Research Society 
345 Whitney Avenue 
New Haven, Connecticut 06511 1 
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Maya Arithmetic 

Although the numerical notation of the Maya was 
used only for addition and subtraction, the system 
permits complex operations to be performed through 
simple procedures 


More than a millennium before the 
arrival of the Europeans in the New 
World, the Maya of Mexico and 
Central America had developed a 
numerical notation that was superior 
in many ways to the Roman system 
(Thompson 1954; Morley and 
Brainerd 1956). The notation em¬ 
ployed two symbols, a dot and a bar, 
as well as a zero, or place marker. 
These symbols could be used not only 
as a system for counting but also as a 
method for the arithmetic operations 
of addition and subtraction. 

The Maya dot represented 1 unit and 
the bar, 5 units. Numbers from 1 to 19 
could be obtained by the appropriate 
accumulation of dots and bars-dots 
lined up horizontally, bars vertically. 
This arrangement of dots over bars 
may have been adopted for the sake 
of convenience or for reasons of reli¬ 
gious significance (Nichols 1976). 


Joseph B. Lambert received his B.S. from Yale 
University and his Ph.D. from the California 
Institute of Technology, Since 1965 he has 
been at Northwestern University, where he is 
currently Professor of Chemistry. In 1973 he 
was a Guggenheim Fellow at the British Mu¬ 
seum Research Laboratory; since then he has 
been working on new chemical instrumenta¬ 
tion for the study of archaeological problems, 
He has developed new methods for analyzing 
trace and minor elements in excavated human 
bone. Barbara Ownbey-McLaughlin, a math¬ 
ematician and computer scientist, was em¬ 
ployed at Kraft Inc., Glenview, IL, during the 
preparation of this paper. She is now with 
Optical Coating Laboratory, Santa Rosa, CA. 
Charles D. McLaughlin was a graduate stu¬ 
dent at Northwestern University in ar¬ 
chaeological chemistry; he is currently with 
the Chevron Research Company. This paper 
is dedicated to the late George I. Sdnchez. 
Address: Joseph B. Lambert, Department of 
Chemistry, Northwestern University, Evan¬ 
ston, IL 60201. 


Whereas the Arabic number system 
is decimal—that is, it has a base of 10, 
the digits representing, from right to 
left, Is, 10s, 100s, and so on—the 
Maya system is vigesimal—it uses a 
base of 20, with the digits repre¬ 
senting Is, 20s, 400s, 8,000s, 160,000s, 
and so on. The vigesimal system may 
have been based on the total number 
of fingers and toes (digits), but its 
suitability for calendrical calculations 
may also have been important in its 
development. For calendrics, the 
lowland Maya used a base of 18 rather 
than 20 for the third digit, so that the 
Is digit (kin) corresponded to a day, 
the 20s (uinal) roughly to a month, 
the 360s (tun) to the computing year, 
the 7,200s ( katun ) to a score of years, 
the 144,000s (baktun) to 400 years, 
and so on. 

One method for depicting a number 
in the purely vigesimal Maya notation 
is by a vertical stack of digits with the 
Is digit at the bottom. The Arabic 
729, for example, is represented by 
one 400, sixteen 20s, and nine Is (ex¬ 
pressed vigesimally as 1.16.9). Figure 
1 shows such a stack from Stela C at 
Tres Zapotes, Veracruz. 

Addition is carried out by summing 
the bars and dots in parallel registers. 
Only three rules are necessary: (1) a 
dot represents 1 unit; (2) an accu¬ 
mulation of 5 dots is transcribed as a 
bar; and (3) an accumulation of 4 bars 
in one register becomes a dot in the 
next higher register. Promoting 4 bars 
to a dot in the next register is analo¬ 
gous to carrying in the addition of 
Arabic numerals. Thus Maya addi¬ 
tion is far simpler than Arabic addi¬ 
tion, which requires ten symbols and 
the memorization of a host of rules 
such as 2 + 3 = 5 and 4 + 5 = 9 . ’ 

Subtraction can be carried out by 



Figure 1. Stela C from Tree Zapotes, in Vera¬ 
cruz, Mexico, has a Maya numeral carved in the 
back. (From Morley and Brainerd 1956; cour¬ 
tesy of National Geographic Society,) 
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taking differences of dots and bars in The processes of Maya addition and 
equal registers and borrowing when subtraction lent themselves well to 
necessary from the next higher reg- chain manipulations. Additional 
ister (1 dot is transferred as 4 bars numbers could be added to or sub- 
into the next lower register-the re- tracted from the total in a continuous 
verse of the third rule above). process. Diego de Landa, first Bishop 
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Figure 2. Page 32 from the Dresden Codex 
contains many Maya numerals. In the lower 
half of the middle section, the series of black 
numerals next to the dragon make up a table of 
multiples of 78 in calendrical notation (in 
which the third register is 360s rather than 400s 
and the fourth register is 7,200s rather than 
8,000s). From right to left: 1X 78 (3.18 vigesi- 
mally), 2 X 78 (7.16), 3 X 78 (11.14), 4 X 78 
(15,12), 5 X 78 (1.1.10), and 10 X 78 (2.3.0). In 
the upper half of the middle section, next to the 
six hieroglyphs on the right, are (from right to 
left) 6 X 78 (1.5.8), 7 X 78 (1.9.6), 8 X 78 
(1.13.4), 9 X 78 (1.17.2), 50 X 260 (1.16.2.0), and 
60 X 260 (2.3.6.0). Note the red shell-shaped 
symbol that appears three times on the left of 
the page; it serves as a place holder for an 
empty register. (From Thompson 1972). 


of Yucatan, said that the Maya 
“cuentan en el suelo o cosa liana” 
(“count on the ground or something 
level”), suggesting a dynamic rather 
than a static process (de Landa 1566). 
J. Eric S. Thompson suggests that 
maize, beans, or pebbles were used as 
the counters and that the bean pod 
may even have been the inspiration 
for the bar symbol (Thompson 1941). 
Beans, pebbles, or pods could have 
been manipulated rapidly, serving as 
a kind of rudimentary abacus. 

Multiplication 

It is generally believed that the Maya 
did not use their notation for multi¬ 
plication or division. Thompson j 
(1941) states that “there is ample j 
evidence in the Dresden Codex that j 
Maya arithmetic never embraced 
multiplication or division but 
achieved results solely by addition 
and subtraction.” Satterthwaite 
(1947) is more equivocal: “There is a 
disposition to deny that the Maya 
multiplied or divided in our sense; so 
far as I have made out, there is no 
good evidence one way or the other." 
In fact, the Maya had words for 
“multiply,” “multiplication,” “di¬ 
vide,” and “division” (Solis-Alcala 
1949). This fact does not, however, 
have direct bearing on the issue of 
actual mathematical manipulations. 

The Dresden Codex is a twelfth-1 
century document from the YucatSn f 
that is a major piece of evidence on 
Maya arithmetic. Figure 2 shows a j I 
chain addition table from the codex. ■ 
In the lower half of the middle section ! 
can be found multiples of 78. Three I 
cycles of the sacred 260-day calendar \ 
make 780 days, which can be divided I 
into 10 sections of 78 days each, The | 
table continues with other multiples | 


Figured. Page 44 from the Dresden Codex is 
part of a “farmer’s almanac,” as is page 32. In 
the upper section are multiples of 91 and 364. 
(From Thompson 1972.) 



of 260 and 780. A shell-shaped symbol 
serves as a place holder when a regis¬ 
ter is empty. In the upper part of 
Figure 3, the Dresden Codex provides 
multiples of 91 and 364, and else¬ 
where in the codex extensive calcu¬ 
lations describe the Venus cycle 
(Lounsbury 1976; Aveni 1979). The 
existence of these tables appears to 
indicate an ignorance of direct mul¬ 
tiplication (Thompson 1972). 

Our knowledge is limited, however, by 
the nature of the physical evidence. 

Most of what we know about Maya 
arithmetic comes from calendrical 
stelae and religious codices. We would 
learn little about arithmetic in Arabic 
numerals from inscriptions on grave- 
stones—we would see only an oc¬ 
casional subtraction of two dates to 
give an age. The absence of evidence 
on the question of Maya multiplica¬ 
tion and division cannot be construed 
as definitely negative, and we must 
conclude with Satterthwaite that the 
question is unanswered. 

It is quite likely that the Maya system 
was used for routine counting proce¬ 
dures as well as for calendrical cal¬ 
culations. Bishop de Landa (1566) is 
clear on this point, “de esta cuenta se 
serui'an mucho para la contratacidn 
del cacao ” (“they employed this 
counting system extensively in the 
trade of cacao”). Had the bishop in 
his pious zeal not been responsible for 
destroying most of the written record 
of the Maya, scholars might have far 
more information on Maya arith¬ 
metic. 

At the time Satterthwaite made his ZSwtov^SrmemoS 
statement about multiplication and tion of multiplication tables. In 1961 
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that these processes would be very published an inspired and enter- 
cumbersome (have you ever tried to tabling pamphlet that described not 
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only multiplication and division in 
the Maya notation but also vigesimals 
(think “decimals”) and hence frac¬ 
tions. Several years later, ignorant of 
Sanchez’s work, we rediscovered 
these attributes of Maya notation and 
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reduced them to mathematical rules, 
The procedures for multiplication 
and division described here are his, 
amplified by our codification of 
rules. 

The single-digit (0-9) Arabic multi¬ 
plication table contains one hundred 
entries, but there are actually only 
thirty-eight distinct operations when 
regularities (0 times anything is 0; 
anything times 1 is itself) and com¬ 
mutations (2 X 3 = 3 X 2) are dis¬ 
counted. Since Maya notation con¬ 
tains only the dot and the bar, only 
three rules are needed to describe 
their interactions. These rules can be 
derived from the Arabic counterparts: 
(1) since 1X1 — 1, it follows that dot 
X dot = dot; (2) since 1 X 5 = 5, it 
follows that dot X bar - bar; and (3) 
since 5X5 = 25, then bar X bar = 
(bar + dot-in-the-next-higher-regis- 
ter)—i.e. 5 + 20, or 1.5 vigesimally. 
These three rules are equivalent to 
the thirty-eight operations of Arabic 
multiplication. 

We must also have procedures for 
determining the “place,” or order of 
magnitude of the product, which in 
Maya notation corresponds to the 
register into which the product is 
placed. To determine the order of 
magnitude, or highest place of the 
product, in Arabic notation, in multi¬ 
plication problems that do not in¬ 
volve carrying, we can take the num¬ 
ber of the highest place of the multi¬ 
plicand and add 1 less than the high¬ 
est place of the multiplier. Thus any 
number multiplied by a 1-digit mul¬ 
tiplier will give a product with the 
same number of places as the multi¬ 
plicand, since we add 1 -1, or 0—e.g. 
2 X 43 = 86; 43 and 86 each have 2 
places. (We arbitrarily place the 
multiplier first and the multiplicand 
second here.) Multiplication by a 2- 
digit multiplier adds 1 to the number 
of places in the multiplicand—e.g. 16 
X 324 = 5,184— and so on. 

Maya multiplication is exactly anal¬ 
ogous. A first-register multiplier gives 
a product in the same register as the 
multiplicand (Is times any order of 
magnitude gives the same order of 
magnitude). A second-register mul¬ 
tiplier gives a product in the next 
register above that of the multipli¬ 
cand (a multiplier in the 20s register 
gives a product 1 order of magnitude 
above the multiplicand). A third- 
register multiplier gives a product in 


the second register above that of the 1 
multiplicand, and so on. This proce- ; 
dure for determining registers is | 
analogous to collecting exponents in | 
base-10 multiplication. In all these j 
examples, carrying may promote the f 
product to a higher register whenever f 
4 bars collect in any given register, f 

Let us consider the simple problem 7 / 
X 8. Each dot in the multiplicand (8) f 
when multiplied by each dot in the I 
multiplier (7) gives a dot, for a total uf | 
6 (the first subproduct). The multi- | 
plicand bar when multiplied by the | 
multiplier dots give 2 bars. The mul- | 
tiplicand dots when multiplied by the I 
multiplier bar give 3 bars. Finally, j 
the multiplicand bar when multiplied f 
by the multiplier bar gives a bar in the f, 
same register and a dot in the next | 
higher register. Collection of these 1 
four terms gives the product, 56 (2.16. f 
vigesimally). The actual process is for f - 
less cumbersome than just outlined. 
The operation should be done by I 
continuously summing the interme* I 
diate figures, as would be done on an r 
abacus or with beans and pebbles on f 
a flat surface. Each subproduct is T 
added directly into the developing | 
sum, and thus when the final opera-) 
tion is completed, the product results | 
automatically. 

The problem just given included only i 
first-register numbers. For problems 
involving higher registers, the order ’ 
of magnitude of the subproducts and 
products must be determined. This ; 
calculation can be made directly with \ 
three rules for the interaction of the i 
symbols. In these rules, n and m refer • 
to the register number: n and m are 1 • 
for the units register, 2 for the 20s, etc. [ 
The rules are general for all registers, r 
Thus a dot in any register n times a 
dot in any register m yields as the | 
product a dot that goes into the reg- ; 
ister just below the one that cone- I 
sponds to the sum of n and minim i 
- 1). A bar times a dot yields a bar I 
that goes into the (n + m- 1) regis- \ 
ter. Finally, a bar times a bar gives a f, 
dot in the (n + m) register and a bar 
in the [n + m- 1) register. i 


Take, for instance, the problem 6 X 
106. The dot in the multiplier (6) 
times the dot in the multiplicand 
(106) (both in the first register) gives I 
a dot for the product in the first reg- j 
ister (X +1 — 1 — 1). The multiplier 
dot times the multiplicand bar in the 
first register gives a bar in the firs! 


register; the same multiplier dot 
times the second-register multipli¬ 
cand bar gives a bar in the second 
register (1 +2 ~ 1 = 2). The multi¬ 
plier bar times the multiplicand dot 
gives a bar in the first register; the 
multiplier bar times the first-register 
multiplicand bar gives a dot in the 
second register (1 + 1 = 2) and a bar 
in the first register (1 + I -1 = 1); 
and the multiplier bar times the sec¬ 
ond-register multiplicand bar gives a 
dot in the third register and a bar in 
the second register. The sum of these 
operations is a dot in the third regis¬ 
ter (400), 2 bars and a dot in the sec¬ 
ond register (220), and 3 bars and a 
dot in the first register (16), or 636 
(1.11.16). 

As mentioned before, the process of 
summing should be carried out con¬ 
tinuously, so that no intermediate 
products are retained. Try 4,101 X 
2,022, using pennies for dots, and 
chalk, pencils, or sticks for bars. 
Better yet, use pebbles and beans on 
a flat surface. 


Division 

Division can be carried out in Maya 
notation as the reverse of multipli¬ 
cation, in a process analogous to Ar¬ 
abic long division (Sanchez 1961). 
The procedure involves dividing the 
highest register of the divisor into the 
highest register (or the highest regis¬ 
ters) of the dividend. The result is a 
number in the highest register of the 
quotient, plus a remainder. If the r e¬ 
mainder is larger than the divisor, it 
is subtracted from the dividend. The 
process is repeated on the reduced 
dividend until the quotient is fully 
developed and the remainder is 
smaller than the divisor. Let us illus¬ 
trate Maya division with the problem 
8,895 + 421. 

In this first example it is worthwhile 
to draw out the Arabic long divi- 


21 

42l| 8,895 
8,420 


In calculating the product, each ele¬ 
ment of the multiplicand must be 
multiplied by each element of the 
multiplier, register by register. For 
each dot-times-dot operation, add 
together the number of the registers 
occupied by each of the dots, and 
place a dot in the product register 
that is one beneath this total. For 
each bar-times-dot operation, do the 
same thing, but place a bar in the 
product stack. For each bar-times- 
bar operation, add the number of the 
register of each of the bars, and place 
a dot in the register corresponding to 
this sum and a bar in the register just 
beneath it. When 5 dots accumulate 
in a given register, they are replaced 
by a bar in the same register; when 4 
bars accumulate in a register, they are 
replaced by a dot in the next higher 
register. 


Examination of the Maya notation 
shows a dot in the third register of the as 
divisor and a dot in the fourth register 
of the dividend. Thinking in t)ie re- 475 
verse of the division process, we see 
that a dot in the second register of the 
quotient times the dot in the third 4 
register of the divisor will give the dot 
in the fourth register of the dividend * 
(we use an oval instead of a shell- 
shaped place holder here), We place •«« 
a dot in the second register of the de¬ 
veloping quotient (step 1), multiply as 
the dot by the divisor, and subtract """ 
the result from the original dividend 475 
to get the remainder (step 2). This 
remainder (475) is larger than the 
divisor (421), so it becomes the new st «P s 
dividend, just as in Arabic long divi¬ 
sion. The process is repeated, and the 
next part of the quotient is clearly a 
dot in the first register (step 3). The * 
remainder from this operation is the 

remainder for the entire division op- „„ 

eration (54), since it is smaller than 
the divisor (step 4). The quotient is ss 
the sum of the partial quotients in *** 
steps 1 and 3, plus the remainder in 8)895 
step 4, which we place in parentheses 
smce it is not represented as a fraction 
(step 5). 
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214,900 42,980 472,780 


We have illustrated this first problem 
in great detail, in order to demon* 
strate the procedure for Maya divi¬ 
sion. Performed with beans and pods, 
however, the procedure can be quite 
streamlined. The first Maya digit (in 
the highest register) of the quotient is 
set down in what will develop into the 
+ (remainder) complete quotient. As this figure is 
multiplied by the divisor, the result is 
taken directly out of the original 
dividend, converting it to the re¬ 
mainder. If it is larger than the divi¬ 
sor, the remainder is a new dividend, 
and the process is repeated. In this 
fashion, the dividend diminishes on 
the first set of counters until it is the 
true remainder, and the quotient de¬ 
velops on the second set of counters 
until it is complete. Intermediate 
6o steps are not recorded as they were in 
our example. 


For this first example, we chose a 
problem with a quotient in which 
each register had only a single digit, 
which appeared once in the 20s reg¬ 
ister and once in the Is register. In 
more complex problems, the quotient 
registers could, of course, have several 
digits (dots and bars). In such cases, 
each register should be completed 
with all its digits in essentially a single 
step, working from the highest regis¬ 
ter of the quotient on down. The 
quotient will then develop smoothly 
from top to bottom as the dividend is 
diminishing to become the remainder. 
To illustrate more complex division, 
let us look at 490,372 2,149. 


Just as in decimal long division, we 
quickly spot where the first digit of 
the quotient goes. The bar in the 
highest (third) register of the divisor 
will not go into the top 3 registers of 
the dividend. Even a dot placed in the 
third register of the quotient would 
give, when multiplied by the bar in 
the divisor, a bar in the fifth register 
of the dividend. Since the dividend 
has only dots in the fifth register, a 
dot in the third register of the quo¬ 
tient would be too big. The first digit 
of the quotient is therefore in the 
second register. 

Working on the second register of the 
quotient, we try the larger digit, a bar. 
Multiplying this bar by the divisor 
gives the Maya numeral stack shown 
at the far left of step 2. Clearly this 
number is smaller than the dividend, 
so 1 bar in the second register “goes.” 

We next try another bar in the second 


register and discover that the sum of | 
the first and second bars (left and i 
middle numeral stacks) also goes. A | 
third bar would exceed the dividend, ! 
so we then try dots. One dot times the j: 
divisor, when summed with products j 
of the 2 bars times the divisor (step 2), I; 
does not exceed the dividend, but a 
second dot would. Consequently, the : 
completed second register contains 2 % 
bars and 1 dot (see step 1). Subtrac- J 
tion of the intermediate sum (given in f 
step 2) from the dividend gives the f 
remainder (step 3). This number ex- | 
ceeds the divisor, so it becomes the I 
new dividend, by which we must de- | 
termine the digits in the first register. | 
In the same fashion that we built up |\ 
the second register, it can be deter- I 
mined that 1 bar and 3 dots comprise ! 
the first register (step 4). The re- | 
niainder from this step is determined | 
in step 5. The entire quotient is the § 
sum of the results of steps 1,4, and 5 f 
(step 6). | 


Although we have carried out this 
lengthy division in six steps, it could 
be smoothly accomplished with two 
sets of counters, one for the devel¬ 
oping quotient and one for the con¬ 
version of the dividend into the re¬ 
mainder. With the kind of practice 
that children normally get. in ele- i 
mentary school, the Maya manipu¬ 
lations can be carried out smoothly 
knd rapidly. 

Calendrical notation 

In Maya calendrical notation, the 
second register (20s) contains a 
maximum of 18, and the third register 
is therefore 360s rather than 400s. 
The arithmetic operations can be 
carried out in this notation as well | 
Conversion from pure vigesimal to 1 
calendric vigesimal requires adding 2j 
dots or bars in the next lower register 
for every dot of bar, respectively, in 
the third and higher registers. Ad- ( 
justment of the digits in the first 2 [ 
registers is not necessary, because | 
they are still based on 1 and 20, re- f 
spectively. The conversion factors are p 
added to the vigesimal count because l 
the registers in the calendrical count | 
are smaller (360s, 7,200s, 144,000s, j 
and so on), An uncorrected vigesimal 
number, if interpreted calendrically, 
would be too small. ? 

The Arabic number 2,623, for exam- % 
pie, is written differently in the two | : 
systems. The bar and the dpt in the j; 
third register (400s) of the straight f. 
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vigesimal system are converted to the 
calendrical count by adding 2 bars 
and 2 dots to the second register. In 
calendrical notation, however, 18 
units in the second register are carried 
into the third register as a dot. All 
other registers require 20 units before 
carrying is necessary. The calendrical 
number here thus represents 7 years 
(tun), 5 months ( uinal ), and 3 days 
(kin) (7.5.3). 

Addition and subtraction in the cal¬ 
endrical notation are straightforward. 
The dots and bars are collected as 
before, the only change being the 
maximum of 18 units in the second 
register. Thus, in % example, 3 bars 
and 3 dots in the second register be¬ 
come 1 dot in the third register. Rules 
for multiplication in calendrical 
notation can be developed but are 
more complex than those for straight 
vigesimal notation. The safest path 
for both multiplication and division 
is to convert calendrical figures to 
vigesimal, perform the operations, 
and reconvert the answer to calen¬ 
drical notation. 

Revisionist mathematics 

The elegance and simplicity of Maya 
arithmetic derives from its use of only 
two symbols. The binary interactions 
of these symbols become almost me¬ 
chanical. Essentially no memorization 
of multiplication tables is required, 
since two symbols can interact only 
three ways. 

There is a basic difference in the vi¬ 
sualization of Arabic and Maya 
arithmetic manipulations. In Arabic 
addition or subtraction, two figures 
are set down and their sum or differ¬ 
ence is computed. The process is 
static. In the same Maya computa¬ 
tions, a single number, either the first 
addend or the minuend, is laid out 
with a set of counters. This number is 


then transformed into the sum or 
difference by melding it with the 
second addend or with the subtra¬ 
hend. In multiplication, the subpro¬ 
ducts are not recorded. They are 
added with a single set of counters, 
which displays the complete product 
when the last pair of digits are mul¬ 
tiplied. Division requires two sets of 
counters, one for the development of 
the quotient and one for the conver¬ 
sion of the dividend into the remain¬ 
der. These processes are all dynamic, 
rather than static: numbers become 
transformed into new numbers. 

We have, in a sense, been engaged in 
an exercise in revisionist mathemat¬ 
ics, employing a mathematical system 
to carry out manipulations that its 
originators never considered. Addi¬ 
tion and subtraction were certainly 
used for both calendrical and mer¬ 
cantile purposes, but, as we have said, 
it is doubtful that multiplication was 
used by the ancient Maya and almost 
certain that division was not used. It 
should be emphasized, however, that 
the question has not been resolved in 
either direction. We have endeavored 
to demonstrate that Maya notation 
was fully capable of being used for 
multiplication and division. Conse¬ 
quently, it seems inevitable that 
Maya mathematicians would even¬ 
tually have discovered these opera¬ 
tions. Undoubtedly, the system can 
be pushed even further than we have 
shown. Sanchez (1961) has presented 
an approach to incorporating a vig¬ 
esimal point, whereby Arabic deci¬ 
mals—e.g. 392.745—could be ex¬ 
pressed as Maya vigesimals. 

Although the Maya mathematical 
system was not allowed to evolve 
naturally tq a state of complete de¬ 
velopment, it is not unreasonable for 
us to_ admire the system and try to 
imagine where that evolution might 
have led. 


StepS 


0 


17,592 17,192 400 



490,372 2,149 228 400 / 2,149 



2,623 2,623 


. . conversion 
vigesimal factor calendrical 


References 

Avani, A. F. 1979. Venus and the Maya. Am 
Set. 67:27-85. ' 

de Landa, Diego, 1566. Relation de las Coaas de 
Yucat&n, Available in translation. A, M. 
Tozzer. 1941, Papers of the Peabody Muse¬ 
um (Harvard University) 18. W. Gates. 1937. 
Lounsbury, F. 1976. Maya numeration, com¬ 
putation, and calendrical astronomy. In 
Dictionary of Scientific Biography, ed. C. C. 
Gillespie, vol. 15, pp. 759-818. 


Morley, G. S., and G, W, Brainerd. 1956, The 
Ancient Maya, 3rd ed. Stanford Univ 
Press. 

Nichols, D. 1976. The Mayan Mystery. Chi- 

cago; Cherryburn Press, p. 20. 

Sanchez, G. I. 1961. Arithmetic in Maya 
Austin, Texas, LC 61 -42041. 

Satterthwaite, L„ Jr. 1947. Concepts and 
Structures of Maya Calendrical Arithmetic. 
Museum of the Univ, of Pennsylvania and 
the Philadelphia Anthropological Society, 
Joint Publication no. 3, p. 10. 


Solfs-Alcala, E. 1949. Diccionario Espaflol 
Maya (Editorial Yikal Maya Than). 

Thompson, J. E, S. 1941. Maya Arithmetic. 
Contributions to American Anthropology 
and History 36, Carnegie Institution of 
Washington, Publication 528, pp. 37-62. 

———, 1954. The Rise and Fall of Maya Civ¬ 
ilization. Univ. of Oklahoma Press, pp, 

■ 154-55. 

— 1972, A Commentary on the Dresden 
Codex. Am. Phil. Soc. 


1980 May-June 255 








James L. Gould 


The Case for Magnetic Sensitivity in 
Birds and Bees (Such As It Is) 

Surprising concentrations of magnetite in 
the tissues of some animals may explain their 
sensitivity to the earth’s magnetic field 


The business of modern science, from 
its origins in alchemy to the present 
day, has been to explain away the 
magic of the world, creating in its 
stead a coherent body of explicable, 
testable hypotheses. Certainly, there 
is no larger or more interesting body 
of magic still plaguing—and intrigu¬ 
ing—us than the apparently complex 
behavior of men and animals. Ethol¬ 
ogy, that branch of biology which 
seeks to understand the behavior of 
animals in their natural worlds, has, 
however, been busy clearing away 
some of the more superficial mys¬ 
teries. We now find, for instance, that 
some animals are most usefully 
thought of as no more than micro¬ 
computer-equipped machines, pro¬ 
grammed and then laboriously “de¬ 
bugged” by their genes for the express 
purpose of transporting those genes 
safely into the next generation. Thus 
the apparent magic is often an arti¬ 
fact of our limited understanding of 
the systems involved and of our lack 
of imagination. 

We have learned, too, that each 
species lives in its own unique sensory 
world, to which we may be partially or 
wholly blind. This crucial insight 
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stemmed from the work of the great 
German ethologist Karl von Frisch 
(reviewed in 1967), who showed that 
the humble honey bee, though blind 
to red, is able to see ultraviolet, to 
which we are blind, as a separate 
color. This revelation helped open the 
conceptual door to the subsequent 
discovery of ultrasonic echolocation 
in bats, infrared “eyes” in snakes, 
electrosensitive organs in fish, pola¬ 
rized light sensitivity in bees, and so 
on. 

Even in those instances in which we 
can sense the same range of stimuli, 
different species have been wired to 
select particular features of the en¬ 
vironment-features that may have 
no special salience to us—and to at¬ 
tend to them to the virtual exclusion 
of other sensory input (reviewed by 
Tinbergen 1948). In this way, neural 
processing separates the perceptual 
environments of different species as 
radically as if the stimuli they sensed 
were indeed from different worlds. 
These seemingly arbitrary “sigp 
stimuli” constitute a ubiquitous ge¬ 
netic programming ploy, inciting and 
heightening a creature’s responsive¬ 
ness to highly selected stimuli critical 
to its survival—the responsiveness of 
bees to the dark-center/bright-sur- 
round patterns that flowers display in 
the ultraviolet, for example. 

Such sign stimuli (or “releasers”) 
often serve to trigger motor programs 
or even highly constrained feats of 
learning. Bees, for example, learn to 
recognize the species of'flower they 
are exploiting on the basis' of its color, 
outline, odor, location, nearby land¬ 
marks, and time of nectar production 
(reviewed by Gould 1979). This 
sounds like a miracle of unstructured 
behavior until we tinker with it a bit. 
One of Frisch’s students, for example, 


made the surprising observation that 
bees can learn a flower’s color only in 
the few seconds before they land, al¬ 
though they continue to see it during 
feeding and departure. This first in¬ 
stance of “programmed learning” has 
since been generalized to much of the 
apparent flexibility in bee behavior 
and has turned up in more elaborate 
forms in higher animals, the most 
familiar examples being the phe¬ 
nomena of imprinting and of song 
learning in birds. The full extent of 
this genetically orchestrated learning, 
including any part it may play in our 
own lives, is certainly yet to be ap- j 
predated. ( 

Another of evolution’s elegant pro* 

' gramming tricks is the practice of 
building in backup systems for criti¬ 
cal behavioral tasks. Again, this effect 
was first detected in bees (Frisch 
1967). In their navigational calcula¬ 
tions, bees like to use the sun as a 
compass. When the sun is absent, 
they fall back on the extensive pat¬ 
terns of polarized light in the sky. 
When those patterns are unavailable 
or abbreviated by clouds, they fall 
back on a third, noncelestial reference 
system to get them home—perhaps 
the earth’s magnetic field. 

This whirlwind summary of etholo- 1; 
gy’s first half-century brings us, then, \ 
to one of the most interesting pieces : 
of magic still around: magnetic-field 
sensitivity in animals. Although we 
ourselves are blind to magnetic fields, < 
many animals appear to be exquis- 
itely sensitive to them, and this abil¬ 
ity may give them the key backup 
mechanism in their navigational 
systems. 

Before the 1970s, the notion of mag' 
netic-field sensitivity was relatively 
easy to dismiss. The evidence was ei- l 
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ther anecdotal—“magnetic” termites, 
for instance, reputedly build their 
nests along north/south axes—or 
weak and unconvincing. In the ab¬ 
sence of other cues, it was reported, 
migratory birds in special sorts of 
cages show a slight preference for 
perches in the appropriate magnetic 
directions—but only when the data 
are analyzed by a particular statistical 
procedure; seemingly minor alter¬ 
ations of either the classic “Kramer” 
cage or the statistical treatment cause 
the effect to disappear. Most people, 
myself included, were inclined to 
conclude that if a magnetic-field de¬ 
tector existed, it was uselessly insen¬ 
sitive. On the other hand, it is re¬ 
markable that the birds showed any 
orientation at all in this unbiological 
experimental situation; and more¬ 
over, the effects, though weak, were 
consistent year after year, with sev¬ 
eral species, and on both sides of the 
Atlantic. 

In the last ten years a more substan¬ 
tial and compelling body of evidence 
has been accumulated for magnetic- 
field sensitivity in at least four ani¬ 
mals or groups of animals: elasmo- 
branch fish (sharks and rays), many 
species of bacteria, homing pigeons, 
and, of course, the versatile honey 
bee. Though the evidence is indirect, 
the sensitivity of bees and pigeons 
seems to be hundreds or even thou¬ 
sands of times better than would be 
necessary merely to determine com¬ 
pass direction. Only in the last few 
years has a start been made toward 
understanding the sensory mecha¬ 
nisms underlying the apparent mag¬ 
netically influenced behavior of these 
species, and even now we are just be¬ 
ginning to grapple with the behavioral 
programming that must serve to tell 
these animals how to use the infor¬ 
mation from this most elusive of 
sensory modalities. 

Magnetic-field sensitivity 
in birds 

Our intuition suggests that birds 
might have the most use for a mag¬ 
netic sense. During migration, for 
example, birds face the crucial diffi¬ 
culty of getting from their winter 
homes to their summer ones, and 
back again. Most migrants, whether 
for reasons of temperature balance or 
predator 1 pressure or whatever, fly at 
night. To reach a specific goal, they 
need to have some idea both where 
they are and which way to go. They 



Figure 1. After pigeons have been released and loops, like those in the example at the bottom 
are headed m the general direction of the home left, before setting off in a general direction 
loft, as illustrated by the flight paths on the (after Eisner 1978). As pigeons approach the 

map above, some fly relatively straight and loft, they seem to recognize familiar landmarks 

true, while others set off in the wrong direction and home visually, Howevor, when pigeons are 
for several kilometers, and still others seem to fitted with frosted contact lenses for experi- 
i Michener, and Walcott mental purposes, they wiinder about in the vi- 

1967). During the first two or three minutes cinity of the loft and usually miss it entirely, as 

after release, mosf pigeons wander about the illustrated at the bottom right (after 

release site in an irregular series of circles and Schmidt-Koenig and Walcott 1978). 
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seem to manage this trick even when 
their view of the night sky or the 
ground is obscured by clouds. But the 
twice-a-year nocturnal fly-by of mi¬ 
grants provides rather limited op¬ 
portunities for observation and ex¬ 
perimentation. 

Homing pigeons, however, offer a 
convenient and diurnal laboratory 
version of this behavioral system: 
when displaced from home, they fly 
back most of the time. The noise in 
the system is substantial: some birds 
don’t home, and among those that do, 
a discouraging amount of inter- and 
intraindividual variability in homing 
accuracy and speed is to be seen, Still, 
with a bit of training, selective liqui¬ 
dation of poor performers, and 
maintenance of suitable motivation, 
lofts of relatively good homers can be 
established. Pigeons become “at¬ 
tached” to their lofts and can be car¬ 
ried hundreds of kilometers away to 
unfamiliar territory and be expected 
to return home relatively quickly. 

Researchers working on the phe¬ 
nomenon of homing generally obtain 
their data by releasing pigeons singly 
and observing their “vanishing bear¬ 
ings” and homing speeds. At favor¬ 
able sites—forest fire towers, for ex¬ 
ample—the directional bearing of the 
vanishing bird may be obtained vis¬ 
ually, but elsewhere, small radio 
transmitters must be attached to the 
birds so that that they can be tracked 
with a directional antenna. The van¬ 
ishing-bearing data are then plotted 
around a compass circle (a polar his¬ 
togram), and both mean direction and 
consistency or degree of orientation 
are indicated by a vector, as is done, 
for example, in Figure 2, Of course, 
this kind of analysis ignores exactly 
what the pigeons do both before and 
after they disappear from sight. Two 
examples that give the flavor of the 
highly variable behavior are shown in 
Figure 1. Pigeons seem to decide 
which general direction to go, ±90°, 
within 15-30 seconds of release, and 
usually choose a consistent flight 
bearing within 3 minutes. Not all 
birds go home by the same route 
(Michener and Walcott 1967), and at 
any particular release site there is a 
consistent tendency for birds from a 
particular loft to set off a bit to the 
right or left of home. This “release- 
site bias” (Keeton 1973) will come up 
again later. 

We can estimate the precision of the 
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sunny day 



control birds • 
clock-shifted birds • 

Figure 2, The results of clock-shift experiments 
suggest that the pigeons use the sun as a navi¬ 
gational guide but have a backup compass 
system as well. Colored circles represent the 
vanishing bearings of control birds; black cir¬ 
cles correspond to birds clock-shifted 6 hours 
fast. The dashed line indicates the home di¬ 
rection, and arrows, or vectors, show the mean 
vanishing bearings of each group. The length 
of the vectors is inversely proportional to the 
scatter and thus represents the "quality” of the 
orientation. On sunny days, the well-oriented 
control birds display the 5-10° clockwise re¬ 
lease-site bias typical of , the release site at 
Marathon, NY, The mean vector of the clock- 
shifted birds is 75° counterclockwise of the 
controls, which suggests that the birds are 
relying on the sun's azimuth and their internal 
clocks to judgfe direction. (The curious increase 
in scatter in the vanishing bearings of clock- 
shifted birds relying on the sun is typical of 
such experiments.) On overcast days, both 
control and clock-shifted birds are home¬ 
ward-oriented, which implies that some non¬ 
solar backup compass is available. (After 
Keeton 1969; mean vector lengths were calcu¬ 
lated by the author.) 


pigeons’ navigation system from ex¬ 
periments in which pigeons wearing 



home from unfamiliar sites 
(Schmidt-Koenig and Walcott 1978). 
These lenses so obscure the birds’ 
vision that only a few find the home 
loft once they get near it, and the 
other hapless pigeons land nearby or 
wander around the vicinity with an 
accuracy of 2 to 5 km (see Fig. 1). 


To find home, pigeons obviously need l 
to know where they are in relation to [' 
it. Given that, they must then find the i 
correct direction to fly, either by using j 
some sort,of “compass” or by taking 
successive “map readings,” and then J 
working their way back according to | : 
a “you’re getting warmer” scheme, j; 
The data suggest a model in which l 
the birds have both a map and a H 
compass of some sort (Kramer 1953). A 
Clock-shifted pigeons—birds raised f 
in cages with light/dark cycles out of :. 
phase with those of the real world- 
released on sunny days fly off in the 
wrong direction (Fig. 2), as if the sun 
were their compass (e.g. Schmidt-1 
Koenig 1972;Keeton 1969). Hence,a | 
bird with its internal clock running f 
six hours fast apparently interprets a j- 
6:00 A.M. sun as a noon sun (and, f 
therefore, in the south) and sets off f 
90° to the left of home (Fig. 2). These f 
same experiments and others seem to p 
exclude the sun’s elevation or rate of f 
movement as cues in the pigeons’ map b 
sense. 

The sunny-day phenomena are nice, 
but the cloudy-aay story is even more 
interesting. If properly trained, some 
pigeons can home under totally 
overcast skies (Fig. 2), or even at) 
night. We can be fairly sure that no r 
solar cues are being used, since under : 
these conditions clock-shifted birds I 
are not fooled (Keeton 1969): a j 
backup compass must therefore I 
substitute for the sun. The experi- \ 
ments that “legitimized” the study of : 
magnetic-field Information came 
next, when William Keeton (1971), of \ 
Cornell, glued magnets on some birds i 
and brass weights on others on both 1 
sunny and cloudy days (Fig. 3). This 
experiment, repeated some two dozen 
times, led to a nearly complete ! 
breakdown of orientation for mag- 
net-equipped birds on cloudy days. ■ 
Charles Walcott (1974), of SUNY ? 
Stony Brook, refined this approach 
considerably by attaching a pair of : 
coils to the birds’ heads. (Visalbeighi 
and Alieva, 1979, have obtained sim : !. 
ilar results.) By connecting these coils 1 
to a battery through a resistor, Wal- , 
cott was able to control both the 
strength and polarity of the applied Y 
field. Like Keeton, he saw major ef- j f :, 
fects only on cloudy days, but the : 
behavior of the birds depended on the 
polarity of the applied fields: with the j 
north aspect of the coil’s field 
pointing down through the bird's 
head, as would be the normal casein 
the Northern Hemisphere, the pigeon ; 


flew toward home. With north 
pointing up, the bird flew directly 
away from home (Fig. 3) (Walcott and 
Green 1974). As Walcott points out, 
this observation parallels the 
Wiltschkos’ data (1972) from Euro¬ 
pean robins indicating that birds 
cannot sense the direction of the 
magnetic field from its north/south 
polarity but rather seem to determine 
“north” on the basis of the direction 
of the “dip” angle—the direction the 
magnetic-field vector points down 
into the earth. 

A magnetic map? 

This part of the story seems clear 
enough: pigeons Gan apparently use 
the earth’s magnetic field as a backup 
compass on overcast days. In looking 
at the data more closely, however, a 
different set of effects related to small 
changes in magnetic-field strength 
emerges. The earth’s magnetic field 
has an intensity at 40°N latitude of 
about 0.5 Gauss (50,000 gammas). 
This field has two sources: one, by far 
the strongest, is generated within the 
earth, which is, among other things, 
a large unwieldy magnet; the second, 
relatively weak, is created by the flow 
of ions in the jet streams of the upper 
atmosphere. The heating of the at¬ 
mosphere in daytime and the cooling 
at night cause these streams of ions to 
move north and south in a daily 
rhythm that changes the field felt on 
earth by perhaps 30r60 gammas over 
the course of the day. From time to 
time, however, solar activity creates 
enormous bursts of ionized particles 
that can affect the earth’s field • 
strength more dramatically. These 
unpredictable events lead to irregular 
changes of up to 1,000 gammas or 
more, depending on the strength of 
the “magnetic storm.” 

Oddly enough, changes in the flight 
orientation of both migratory birds 
and homing pigeons have been ob¬ 
served repeatedly to correlate with 


with magnets 


without magnets 




Figure 3. On sunny days, neither magnets nor 
equivalent brass weights attached to pigeons 
affect orientation: the birds are well oriented 
toward home. On overcast days, however, the 
magnet-equipped birds seem unable to orient 
properly, which suggests that the backup 
compass is magnetic. (From Keeton 1974b.) 
When small current-carrying coils are attached 
to the heads of pigeons, effects again appear 
only on overcast days, but the polarity of the 
induced field seems crucial, When the south¬ 


seeking pole of the field felt in the pigeon’s 
head points generally up ("Sup," the normal 
case in the Northern Hemisphere), orientation 
is more scattered but generally homeward di¬ 
rected. When the north-seeking pole is up 
(“Nup"), however, the pigeons tend to fly away 
from home. One interpretation of this result is 
that pigeons have an axial compass. As in Fig. 
2, the dashed line indicates the direction of the 
loft, and the arrows (vectors) show the mean 
vanishing bearings. (From Walcott 1974.) 





--- D v~ V,* wvuimo, JL Igcuna, 

for example, show a graded deflection 
of vanishing bearings that correlates 
with the strength of the magnetic 
storm at release (Keeton et al. 1974). 
Like the release-site bias, these ef¬ 
fects are site-specific. At Campbell, 
New York, for example, a 400-500 
gamma storm (i.e.1% of the total field 
strength) rotates the mean vanishing 
bearing about 30° to the left (Fig. 4), 
whereas at Weedsport, New York, the 
effect is about 5° to the right. 


Intriguing as such observations are, 
the phenomena do not lend them- 
selves to much direct experimenta¬ 
tion or precise analysis. The time and 
magnitude of magnetic storms in 
particular depend on the vagaries of 
the sun, and the data on storm in¬ 
tensity are available only in the form 
of 6 or 12-hr averages taken at sta¬ 
tions hundreds or thousands of kilo¬ 
meters away. There are, however, 


places at which the earth’s field is 
permanently “warped” radically and 
irregularly over short distances, At 
these magnetic anomalies, Walcott 
(1978) found that homing pigeons are 
less well oriented in proportion to the 
strength of the anomaly or, more ac¬ 
curately, the variability of the field 
along the homeward direction (Fig. 
5). The magnitude of this variability 
may range from about 30 to 8,000 
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seem to manage this trick even when 
their view of the night sky or the 
ground is obscured by clouds. But they 
twice-a-year nocturnal fly-by of jfjfjfl 
grants provides rather limited^T 
portunities for observation 
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gammas, depending on the anomaly. 
At 3,000 gammas (6% of the total field. 
strength), the birds are extremely 
disoriented (Fig. 6), and regression 
lines for the effects of both anomalies 


sensitivity on the part of the putative 
magnetic detectors: 10 gammas or 
better if the birds are responding to 
the absolute value of the field in the 
manner of a “tonic” sensor, or 0.2 
gammas/minute or better if the re¬ 
sponse is to the rate of change of field 
strength such as might be expected 
from a “phasic” detector. 

It seems clear that whatever the effect 
of the anomaly, the magnetic “hang¬ 
over” persists until the bird has been 
out of the anomaly for some time. 
Despite the low resolution of the 
flight tracks, there is a suggestion that 
the birds might be following the 
magnetic topography, avoiding hills 
and ridges for example. Similar ob- 


smooth slope rising gently to the 
northwest, superimposed upon which 
are hills, ridges, and mountains, but 
few if any valleys. Hence, only the 
magnetic “plains” provide reliable 
map information. 


In analyzing the sources of these ef- j 
fects of extremely small field changes j. 
it is important to keep in mind that | 
they are observed on sunny days j 
when, from clock-shift experiments, { 
we would expect little input from the | 
magnetic compass system. Similarly, j 
neither magnets nor coils have any i 
effect on the birds on sunny days be- [ 
yond exaggerating the release-site 1 
bias. Then, too, the anomalies—0.1 to A 
6% of the total field—seem far too f 
small to explain the enormous effect f 
on vanishing bearings: even if the 
birds were totally ignoring the sun I 
and looking solely at a magnetic j 
compass, they ought to perform far | 
better than they do, making, under j 
the worst circumstances, only a 30° t 
error. The most reasonable interpre¬ 
tation of these data, if we take them 
seriously at all, is that the minute 
changes in the earth's field are af¬ 
fecting part of the pigeons’ map sys* | 
tem, that sense which tells them | 
where they are in relation to home, t 
■f 

A certain amount of map information t 
is theoretically available from the | 
earth’s magnetic field. For example, j■ 
the total field strength increases with I 
latitude at roughly 3-5 gamma/km, ? ; 
while vertical field strength goes up / 
about twice as fast. The inclination | 
(dip angle) also increases with lati-1 
tude. Similar information is available I 
for longitude, but the increase is f 
smaller and regional rather than | 
worldwide in nature. To use it or even J 
the latitude information with preci- f 
sion, pigeons might have to use the 


sun or some other reference system to 
establish absolute direction and then 
measure the directions and rates of 
change felt near the loft (Kirschvink 
and Gould, in press). To “place” 
themselves in unfamiliar territory, 
the birds would have to extrapolate 


require loft-specific learning and is 
consistent with the observation that 
flight experience near the loft is nec- 


to a shift in home lofts is difficult or 
eveni 


Such a system, given the apparent 10 
gamma or better sensitivity of pi¬ 
geons, would lead to the prediction 
that the birds with the frosted con¬ 
tacts should be able to get within 2 
km of home—about the accuracy ac¬ 
tually observed (e.g. Fig. 1). Another 
prediction is that a major source of 


by the map system because of the 
systematic discrepancy between the 
extrapolation-based assumption of 
location and the actual value at a re¬ 
lease site. In fact, Windsor (1972 
diss.) found that all the release-site 
biases around Ithaca fell into two 
groups: east of a line running 
NNW/SSE through the loft, the bias 
is clockwise, while west of this line it 
is counterclockwise. On the line, the 
birds depart directly home to the loft 
in Ithaca. One possible explanation 
that occurs to me is that the birds 
place pigeon Ithaca some distance 
NNW of geographic Ithaca. It may 
also be worth noting that the gradient 


of magnetic-field intensity in that 
area runs roughly NNW. Windsor 
found a similar organization to the 
bias of birds from Schmidt-Koenig’s 
Frankfurt loft, with the clockwise/ 
counterclockwise line running E/W. 
In the Frankfurt area, the magnetic- 
intensity gradient runs west. Then 
again, experience suggests that these 
intriguing patterns are probably due 
to chance, and so mean nothing at 
all. 

A variety of other suggestive evidence 
exists for the notion that the map is 
partly magnetic, though no individual 
experiment is as compelling as Wal¬ 
cott’s anomaly releases. For example, 
Wagner (1976) found that pigeons 
released on a magnetic “slope” in 
Switzerland depart down the gradient 
regardless of the direction of the 
home loft. When Papi and his col¬ 
leagues (1978) transported two 


group in iron and the other in alumi¬ 
num boxes, the iron-transported 
birds, having ridden out in a distorted 
field, were deflected 65° to the right 
of the controls. When Kiepenheuer 
(1978) transported pigeons with the 
vertical component of the earth’s field 
artificially inverted (so that the field 
lines pointed north and up, instead of 
north and down), they were deflected 
30° to the right of controls, When 
Wiltschko and his colleagues (1978) 
transported pigeons with the hori¬ 
zontal component reversed (so that 


a significant increase in scatter was 


noted. What we need now, though, is 
not just more evidence of effects but 
rather a hypothesis that will predict 
the size and direction of such ef¬ 
fects—and, of course, a theory of how 
such a very sensitive detector could be 
built. 

Walcott and I hope to make a start in 
this direction by transporting pigeons 
in a computer-controlled field that 
will simulate the small field changes 
appropriate for a journey in one di¬ 
rection, while the birds are, in reality, 
being taken in another. This may 
seem like a great deal of trouble to go 
to, but pigeons have steadfastly re¬ 
fused to be conditioned to magnetic 
stimuli in the convenience of the 
laboratory. Nor does the notion of a 
partially magnetic map immediately 
account for all the data. For example, 
recall that magnet-equipped birds 
seem to know where they are on 
sunny days. On the other hand, young 
pigeons on their first release away 
from home choose departure bearings 
very different from those of experi¬ 
enced birds, and simply cannot orient 
on sunny days if they are carrying 
magnets. Clearly, something impor¬ 
tant is being adjusted or calibrated on 
that first flight. 

Then, too, there are rare places like 
Jersey Hill, New York, from which 
Ithaca pigeons only rarely find their 
way home (Keeton 1974a). The birds 
seem to wander about at random, and 
only about 10% ever make it the 125 
km home. Of these survivors, only 


home 

N direction 


Figure 6. Pigeons released at a magnetic 
anomaly near Iron Mountain in northern 
Rhode Island are extremely disoriented. The 
paths of 17 pigeons (5 in the first map and 4 in 
each of the others) are shown against the 
magnetic topography of the area. Each bird 
carried a radio transmitter that permitted it to 
be tracked by an airplane and located visually 
approximately every 6 minutes; thus the 
straight lines connecting the data points do not 


ner (1976), Talkington (1967), and 
Graue (1965). This would not be an 


since the magnetic topography in 


at magnetically normal sites depart directly 
away from the release point and, on this scale, 
would fly moro-or-less straight off the map 
within about 10 minutes; in contrast, birds at 
Iron Mountain require about 40 minutes. The 
arrowhead represents the pigeon’s position the 
last time it was sighted. (Based on Walcott 1978 
and USGS aeromagnetic maps, redrawn by the 
author and Kate Schenck.) 
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it clearly depends on the angle be- j 
tween the dance and the field lines, j 
Hence, it varies with comb alignment, j 
food direction, and time of day, since 
each of these variables affects the 
dance/field angle. 

On the basis of empirical curve fit¬ 
ting, the misdirection also seems to j 
depend very strongly upon the rate of 'j 
change of the earth’s field strength, J 
and Martin and Lindauer (1977) have 
developed a formula that predicts the 
degree and direction of the dance 
error. In addition to the variables al-) 
ready mentioned, they include a term 
to take into account an apparent in- j 
ability of the dancers to adjust their ■ 
dance errors to field changes faster 
than 1 part in 10 5 per minute. It 


Figure 7. The dance of the honey bee signals 
the average angle between the food source and 
the sun. Dances that are correctly oriented 
according to this convention should fall on the 
horizontal line (0°), while errors clockwise or 
counterclockwise of the correct direction ap¬ 
pear above and below the line, respectively. 
Dots indicate the mean direction of the many 
cycles of an individual forager’s dance; the er¬ 


rors are consistent among bees hut vary over 
the course of the day. The formula of Martin 
and Lindauer yields the prediction shown. The 
temporal variation in the earth’s field strength, 
a crucial parameter in this formula, is also 
shown. The other variable incorporated is the 
angle between the dance and the earth's mag¬ 
netic field lines, (From Martin and Lindauer 
1977.) 


would be tempting to disregard their r 
ad hoc formula altogether, did it not | 
so closely track a wide variety of these f 
very bumpy and irregular misdirec- f 
tion curves (see Pig. 7). Such dynamic | 
field effects are curious, since they I 
ought not to be affected by static field | 
strength, yet the misdirection disap- j; 
pears when the background (static) j 
field felt in the hive is decreased to I 


less than 4% or increased to more l- 


about 50% survive a second Jersey 
Hill release (Keeton, pers. comm.), Is 
Jersey Hill a magnetic “trap,” or does 
the problem lie with some other map 
component? In another puzzling ex¬ 
ample, at Castor Hill, New York, the 
release-site bias is roughly the same 
for birds from lofts to the ESE, SSW, 
and WSW, which means that Castor 
Hill is not “placed” by all three sets of 
birds in one specific other location. 
Because commercially available maps 
of central and western New York 
state have only a disappointing 3-km 
resolution, we are not able to analyze 
the magnetic information at these 
curious places very rigorously. Even 
so, a cursory examination of the low- 
resolution magnetic topography re¬ 
veals Jersey Hill to be, to a first ap¬ 
proximation, a magnetic “bowl” from 
which it might be difficult for an an¬ 
imal programmed to avoid uphill 
magnetic slopes to escape. 

And the bees 

Although the sensitivity we must 
infer for pigeons to changes in mag¬ 
netic-field strength is astonishing (2 
parts in 10 4 ), equally good (or, de¬ 
pending on your taste, equally bad) 
evidence suggests that honey bees are 
even more sensitive. The honey bee 
data come from four behavioral ef¬ 


fects discovered by Martin Lindauer 
and Herman Martin, of the Univer¬ 
sity of Wurtzburg. 

The first of these effects may be seen 
when a forager bee returns from a 
good source of food and perforins the 
“waggle dance” by which she specifies 
the location of the food (Frisch 1967). 
Maneuvering on a crowded vertical 
sheet of comb hanging in a dark hive, 
the forager runs in a modified fig¬ 
ure-eight pattern, vibrating her body 
rapidly as she reaches the intersection 
of the two halves. The direction of 
this vibrating waggle run with respect 
to vertical indicates the approximate 
direction of the food source with re¬ 
spect to the sun. Dancers, however, 
rarely get this geometrical conversion 
precisely correct; regularly observed 
errors range up to 20° left or right of 
the “proper” direction. This “misdi¬ 
rection” is not simply noise in the 
system: the dancers all agree on the 
incorrect dance direction. Moreover, 
the magnitude and direction of the 
error vary during the day in a com¬ 
plicated pattern that depends on the 
direction of the waggle run with re¬ 
spect to the magnetic field of the 
earth (Fig, 7), The misdirection is al¬ 
ways zero for dances parallel to the 
earth’s field or in a null field (Lind¬ 
auer and Martin 1968), but otherwise 


than 10 times normal. L 

Although the evidence for magnetic j 
misdirection looks good, it is difficult i 
to imagine any reason bees should be | 
programmed to make errors at all in ; 
their dance communication. Lindauer 
and Martin (1972) have suggested 
that misdirection could be an artifact 
of the gravity sensor’s construction.; 
On the other hand, the misdirection ; 
could just as easily be an artifact of; 
some specific but undiscovered 
magnetic-field orientation system, f 
For example, it might serve as the | 
backup compass by which foragers 1 
are able to navigate and perform the { ■ 
well-oriented dances that Michael | 
Brines, of Rockefeller University, and Jj 
I have observed on days when the sun j 
is hidden by heavy clouds. | 


A second example of how honey bees 
orient to magnetic fields emerges | 
when foragers are made to dance out 
horizontal comb. This common ex-^ 
perimental maneuver robs bees ofj 
their normal sun reference—grav-| 
ity—and forces them to use visual ; 
stimuli instead. During some work on 
polarized-light orientation, Brines I 
occasionally performed a control ex- 1 
periment to make sure that the dan¬ 
ces were in truth randomly oriented < 
in the dark, and therefore that the ; 


results were not being affected by 
unnoticed or uncontrolled cues. Ini¬ 
tially, the dances were completely 
disoriented in the dark, but as the 
experiment progressed these control 
dances began to point north, south, 
east, and west. , 

Lindauer and Martin (1972), who 
have collected extensive data on this 
phenomenon, find that after a hive 
has been on its side for two weeks, 
84% of the dances have become di¬ 
rected to within 11%° of the eight 
points of the magnetic compass (Fig. 
8). Canceling the static field causes 
the dances to become disoriented (i.e. 
only 50% of the dances are to the eight 
points), while increasing the field 
strengthens the magnetic point or¬ 
ientation to 91%. As with misdirec¬ 
tion, increasing the field to more than 
ten times normal abolishes orienta¬ 
tion entirely, Since dance orientation 
in the hive under these experimental 
conditions is unrelated to the location 
of the food, the behavior seems ut¬ 
terly pointless. It looks very much like 
the spontaneous but senseless qua- 
dramodal or octomodal orientation of 
invertebrates to detectable but con¬ 
text-irrelevant stimuli, such as body 
orientation to polarized light (Frisch 
1967). 

A third reported effect of magnetic 
fields is that, in an otherwise fea¬ 
tureless hive, the worker bees are said 
to build their sheets of comb in the 
same magnetic direction as the comb 
in the parent hives. Strong magnetic 
fields are reported to disrupt comb 
orientation (Lindauer and Martin 
1972). There would certainly be a se¬ 
lective advantage if the thousands of 
comb-builders in a swarm could agree 
on a consistent comb orientation, and 
the “cultural” transmission of comb 
direction is an established piece of 
beekeeping folklore. However, our 
attempts to replicate this fascinating 
result have so far failed. 

One other effect of magnetic fields on 
bees is their reputed ability (in the 
absence of other cues) to set their 
circadian rhythms to the daily varia¬ 
tions in geomagnetic field strength 
(Martin and Lindauer 1977). Recall 
that these daily variations are gener¬ 
ated by ion flow in the upper atmo¬ 
sphere and produce minuscule inten¬ 
sity changes of less than 60 gammas. 
The behavioral evidence that bees use 
this biomagnetic clock is dramatic but 
somewhat indirect. When deprived of 


normal field 



Figure 8, When a hive is turned on its side, the 
bees, deprived of their normal gravity refer¬ 
ence, are at first disoriented, but later begin to 
dance to the eight points of the compass {top), 
This orientation is exaggerated in a stronger 
field but vanishes in a nearly null field. (From 
Lindauer and Martin 1972.) 


other obvious cues, essentially all of 
Lindauer’s bees in a normal earth’s 
field in an indoor flight room forage 
with a 24-hour periodicity, with little 
sign of that systematic error in judg¬ 
ing day length that characterizes most 
animals in the absence of clock-set¬ 
ting cues. In a field stronger than 
10-times normal, however, his bees 
did not return to the food source on 
schedule, and during magnetic 
storms, the time sense of trained fo¬ 
ragers seemed impaired. 

Then, too, moving a trained hive to a 
similar flight room in a region with a 
very different pattern of daily varia¬ 
tion disrupted the rhythm more than 
moving the hive to an area with 
roughly similar daily patterns. Pre¬ 


sumably, the bees must learn the local 
pattern and calibrate it against the 
sun. We can easily imagine an adap¬ 
tive significance for such a system for 
highly social animals that spend 
hours or, during unfavorable weather, 
even days in dark cavities out of sight 
of the sun. When we repeated this 
experiment in our lab, approximately 
half of our foragers appeared at the 
feeder about 45 minutes earlier each 
day, while the other half did, indeed, 
maintain a relatively strict 24-hour 
periodicity. A high static field caused 
only our 24-hour peak to disappear. 
Hence, despite a strong initial skep¬ 
ticism, I am inclined, very reluctantly, 
to accept the reality of this effect, 

The most reasonable way to use the 
daily pattern to “set” a clock would be 
to measure only total field intensity 
(otherwise a bee would have to know 
its body orientation with an accuracy 
of a hundredth of a degree or so), and 
then to concentrate on identifying a 
particular point in the cycle, such as 
the maximum or minimum field 
strength, or the maximum or mini¬ 
mum rate of change. Depending on 
whether bees choose to measure ab¬ 
solute field strength or its rate of 
change, the typical minimum sensi¬ 
tivities that would permit a honey bee 
to set its rhythm within the ±15 
minute accuracy displayed by Lind¬ 
auer’s bees are on the order of 2-5 
gammas for a tonic field detector and 
0.3 gammas/minute for a phasic de¬ 
tector—about one-half to one-third 
of the rate of change said to saturate 
the misdirection system. 

We are beginning tests at Princeton 
in which the daily variations can be 
experimentally controlled: by can¬ 
celing the variations and inserting 
artificial ones with a different period, 
we can be sure that it is the magnetic 
field that the bees are measuring, and 
not some other cue which no one has 
controlled. Then, too, we hope that 
such an approach will allow us to ask 
what parameters of the earth’s field 
are being measured—absolute value 
or rates of change, total field strength 
or a particular component—and what 
the exact sensitivity is. 

How do they do it? 

As with pigeons, the bees’ sensitivity 
to magnetic direction seems quite 
clear, and the effects of small field 
changes are reproducible, although 
they are based to date on correlations 
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rather than on controlled experi¬ 
mental manipulations. In accepting 
as real the behavioral effects of strong 
or weak field changes, however, one 
seemingly insuperable difficulty is the 
absence of a suitable sensory mecha¬ 
nism to explain magnetic-field de¬ 
tection. Calculations a few years ago 
convinced me that direction infor¬ 
mation, much less map and clock 
data, could not possibly be picked up 
by the nervous system. More recently, 
however, the increasing evidence in 
favor of this theoretically implausible 
ability persuaded me that I might 
have been too hasty and ought 
therefore to try to test various detec¬ 
tor strategies that might he available 
to organisms. In principle, animals 
might transduce magnetic-field in¬ 
formation in four ways; induction, 
permanent magnetism, paramagne¬ 
tism, and superparamagnetism. 

Induction is based on Faraday’s law: 
a conductor moving through a mag¬ 
netic field will produce an electric 
potential. Depending on the geometry 
and physical environment of the 
conductor, this potential may either 
produce a flow of current or maintain 
a static electric field. In either case, 
the effect is small. Nevertheless, this 
is presumably the method used by 
saltwater elasmobranch fishes, for 
which stationary seawater can act as 
a conductor to complete the external 
circuit (Kalmijn 1978). Current flow, 
detected by the ampullae of Loren- 
zini, ought to provide sufficient sen¬ 
sitivity to detect the earth’s field at 
speeds of as little as 1 cm/sec. 

Indeed, Adrianus Kalmijn (1978), of 
Woods Hole Oceanographic Institu¬ 
tion, has succeeded in training elas- 
mobranchs to distinguish the direc¬ 
tion of an earth’s-strength field. The 
magnetic sensitivity of the elasmo¬ 
branch organs is probably a secon¬ 
dary consequence of their more ob¬ 
vious function; detecting the electric 
fields of potential prey. The reason 
the system can work is that the elec¬ 
trosensitive organs can detect ab¬ 
surdly small electric fields—on the 
order of 1 volt per 1,000 km. Whether 
sharks and rays use their apparently 
incidental sensitivity to the earth’s 
magnetic field for navigation is not 
known. 

Because of the higher resistivity of 
the external medium, the system in 
freshwater fish is a hundred times less 
sensitive. In land animals induction 


in this form is unworkable, since air 
would have to act as the return path 
for current. Indeed, there is very little 
behavioral evidence for an induction 
system outside the elasmobranchs. In 
pigeons, for example, the weak static 
field of a Helmholtz coil disrupts 
cloudy-day orientation, whereas an 
induction detector, which senses 
motion through a field, ought not to 
be affected. 

Just as moving a conductor through 
a magnetic field induces current flow, 
so too moving a charged particle 
creates a magnetic field. Electrons 
spin, and this spin generates the 
magnetism of permanent magnets 
and paramagnetic substances. Atoms, 
of course, may have many electrons, 
but most electrons exist in pairs of 
opposite spins that produce self- 
canceling fields. An atom with un¬ 
paired electrons has, of necessity, a 
net magnetic field produced by those 
unpaired electrons. If the spins of the 
unpaired electrons are oriented ran¬ 
domly between atoms in a piece of 
matter, the fields cancel each other, 

A net alignment, however, can come 
about in two ways. In paramagnetism, 
an external field (such as the earth’s) 
causes the unpaired electrons to align 
their own fields with it, thereby am¬ 
plifying the local magnetic field. This 
is a statistical process, balancing the 
slight energetic favorability of being 
aligned against the energy of thermal 
“noise” (kT), which tends to ran¬ 
domize the orientation of unpaired 
electrons, and so the strength of the 
external field controls the degree of 
spin alignment. If the external field 
takes up a new direction, the un¬ 
paired electrons track the change 
virtually instantaneously. If the ex¬ 
ternal field is canceled, the electron 
spins lose their net alignment, and the 
paramagnetic field disappears. 

Paramagnetism has often been sug¬ 
gested as a basis for magnetic-field 
detection. The transduction of para¬ 
magnetic effects may be imagined 
along a variety of lines. However, 
when we calculate the energy of 
magnetic interaction versus thermal 
noise at physiological temperatures, 
paramagnetism turns out to be orders 
of magnitude too weak. Perhaps the 
only suggestion to date that would 
lend sufficient sensitivity to para¬ 
magnetism even for direction finding 
is "optical pumping” (Leask 1978). 
This system, however, requires light. 


whereas none of the many magnetic 
effects—the honey bee dance, for 
one—is known to suffer in the dark. 

A more plausible detector system 
would use small permanent magnets 
like compass needles. Permanent 
magnetism (ferromagnetism) arises 
in much the same way as paramag¬ 
netism in that all the unpaired elec¬ 
tron spins align in permanent mag¬ 
nets, but the atoms with the unpaired 
electrons are arranged in relatively 
large crystals and spaced in a way that 
generates a self-stabilizing alignment 
of the spins and thereby produces a 
strong net magnetic field. This field, 
once the critical crystal size has been 
reached, becomes self-stable and no 
longer depends on any external 
field—an arrangement that gives rise 
to permanent magnetism. Simple 
magnets could be used to sense the 
earth’s field if the torque the particles 
would feel from the interaction of 
their magnetic moments with the 
earth’s field could be detected by the 
nervous system. However, calcula¬ 
tions indicate that at least a hundred 
to a thousand magnetic domains ! 
would be necessary just to sense di- j 
rection. | 

Permanent magnets—the necessary 
prerequisites for any "compass-nee¬ 
dle” detector—were actually found as 
biological precipitates in chitons by 
Heinz Lowenstam (1962) at Caltech. 
These small marine creatures, which 
make their living by scraping algae off 
rocks, have teeth composed largely of 
magnetite (FeOT^Os, also called 
iodestone), the hardest known sub¬ 
stance to be synthesized biologically. 
Lowenstam suggested that the mag¬ 
netite could explain the chitons' 
well-known homing behavior. Then 
in 1975 Richard Blakemore, now at 
the University of New Hampshire, 
discovered magnetotactic bacteria. 
These creatures use chains of small 
magnetite crystals (Frankel et at 
1979) to steer themselves down the 
earth’s field lines and into the mud 
where they live and feed. The orien¬ 
tation is entirely passive: dead bac¬ 
teria align themselves with the earth’s 
field just as accurately as live ones 
(Kalmijn and Blakemore 1978). Jo¬ 
seph Kirschvink (in press) recently 
discovered south-seeking bacteria in 
Australia, where “south” is the way 
down. Alas, it never occurred to me 
that there might be some connection 
between these bacteria and the “real' 
animals I worry about. 
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Figure 9. A magnetic crystal may be super- 
paramagnetic or stable, depending on its vol¬ 
ume and shape. The lower pair of lines for 100 
seconds and 4 billion years, at room tempera¬ 
ture, indicate that the transition to stability is 
relatively abrupt. Above a certain size, a crystal 
spontaneously forms a domain wall and turns 
into a two-domain crystal with mutually can¬ 
celing fields. Larger crystals (multidomain) 
form additional walls. For a single domain to 
align itself with the earth’s field, the interaction 
energy between the domain’s field and the 
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earth’s must exceed kT (thermal noise), To 
satisfy this constraint, crystals must be above 
the 1 kT line. The size distribution of the 
magnetite domains in several species is shown. 
The kT curves are for isolated single grains. 
Bacterial domains, however, exist in chains 
that act as single large magnets, Hence, the 
bacteria whose individual domains fall below 
1 kT are nevertheless well oriented because of 
the chain arrangement (Based on Kirschvink 
and Gould, in press.) 


At least one other detector strategy is 
possible. Magnetite crystals below the 
critical self-stable size—called su- 
perparamagnetic grains —behave 
somewhat like paramagnetic sub¬ 
stances. Thermal fluctuations within 
such "subthreshold” crystals cause 
the direction of magnetism to shift 
randomly in a null field, but the di¬ 
rection will be aligned statistically 
with an applied field such as that of 
the earth. Depending on the crystal 
size, microseconds, minutes, or even 
days may be required for the mag¬ 
netic direction to change in response 
to a new external field or to begin 
drifting in a null field (Fig. 9). Unlike 


paramagnetic molecules, super- 
paramagnetic grains in proximity to 
each other or near a larger grain will 
have strong ferromagnetic-like in¬ 
teractions capable of producing 
measurable effects that reflect the 
strength and direction of the external 
field. 

Although it is relatively easy to visu¬ 
alize the torque produced by a per¬ 
manent magnet, turning like a com¬ 
pass needle to align with the earth’s 
field, the behavior of superparamag- 
netic grains is not as intuitively ob¬ 
vious. Imagine a sequence of super- 


! line. When this line is in alignment 
with the earth’s field, the fields of the 
crystals will be aligned this way: 

earth’s 

NS NS NS NS +■— 
field 

Like a chain of bar magnets placed 
north pole to south pole, these crys¬ 
tals will attract each other, exerting a 
compressing force on whatever 
structure might hold them. If, how¬ 
ever, the external field were rotated 
90°, the electron spins, and hence the 
magnetic fields of the crystals, would 
follow, and a new relationship would 


N N N N earth’s 
S S S S field 


Now, of course, the crystals would 
repel each other and, in doing so, 
stretch whatever held them. 

After Brines and I noticed the hori¬ 
zontal dances to magnetic fields, we 
naively decided to try “deGaussing” 
the bees with a standard, hand-held 
demagnetizer for tape recorders, and 
thus perhaps to dispose of at least one 
detector hypothesis. The idea behind 
demagnetization is to overwhelm the 
one-earth’s-field stability of any in¬ 
ternal permanent magnets by forcing 
the unpaired electron spins into 
alignment with the strong field of the 
deGausser. Running the demagnet¬ 
izer on AC current causes the field to 
reverse direction 60 times a second, 
and any permanently magnetic crys¬ 
tals should follow this reversing field 
back and forth. Turning the current 
down slowly with a variac decreases 
the strength of the alternating field 
until first the larger and then the 
smaller crystals should no longer be 
driven and should therefore remain 
frozen in alignment with the last field 
cycle that was strong enough to “flip” 
them. The result should be to 
scramble the magnetic directions of 
the crystals. 

Animals have magnets! 

So much for theory. Although the 
deGaussing had no effect on the bees, 
the experiment told us nothing, 
serving rather to lure me deeper into 
the question. As my neighbor Ken¬ 
neth Deffeyes and his fellow geologist 
Joseph Kirschvink patiently ex¬ 
plained to me, there are at least four 
reasons why the deGaussing could not 
have worked. The most obvious is 
that tape-recorder demagnetizes are 
far too weak. The second is that 
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proper deGaussing has to be done in 
a nulled earth’s field; otherwise there 
will always be a 1-Gauss bias on 
crystals to drop out in the nearest 
possible alignment with the 0.5-Gauss 
earth’s field. The third and fourth 
depend on realizing that, for reasons 
of energetics and stability, non- 
spherical crystals tend to magnetize 
along their long axes. This means that 
the effective field felt by a crystal 
depends on both the angle between its 
long axis and the external field, and 
the degree of shape anisotropy of the 
crystal—the ratio of its length to its 
width. 

Hence, either a relatively strong 
demagnetization field must be used or 
the angle between the external field 
and the long axis of each of the grains 
must be minimized. Since that axis is 
unknown and, moreover, there may 
be many grains with many different 
axes, the deGaussing must involve a 
systematic rotation of the field with 
respect to the animal. Then, too, an 
elongate crystal has only two reason¬ 
able field alignments: along the long 
axis the way it was, or along the same 
axis but with the opposite polarity, 
DeGaussing should affect only a de¬ 
tector that distinguishes magnetic 
polarity—north from south—and 
neither bees nor pigeons seem able (or 
willing) to make this distinction. 

Kirschvink went on to suggest that if 
animals had enough permanent 
magnets, it might be possible to de¬ 
tect the minute magnetism generated 
by the animals themselves on the 
sensitive equipment geologists have 
developed to detect magnetism in 
rock samples. At first glance this 
seemed like a poor bet: even the best 
of the recently developed cryogenic 
magnetometers require about 10 4 
crystals of magnetite to register any¬ 
thing above background. These de¬ 
vices consist of coils of wire bathed in 
liquid helium. The low temperature 
causes the wire to become supercon¬ 
ducting—to carry current without 
resistance—so that putting in a 
sample with a large enough magnetic 
moment will induce a measurable 
current flow. 

To my complete surprise, some bees 
do have enough natural magnetism to 
register at about 100 times back¬ 
ground (Gould et al. 1978). From 
measurements of the Curie temper¬ 
ature—the mineral-specific temper¬ 
ature at which the stable magnetism 


vanishes—of the powdered and 
magnetically extracted bodies of 
about 100 bees, Deffeyes, Kirschvink, 
and I were able to show that the 
magnetism was the product of ap¬ 
proximately 10 6 small crystals of 
magnetite in each bee. These crystals 
appear late in the pupal stage, several 
days after the developing larva ate its 
last meal, implying that the magne¬ 
tite must be synthesized. Moreover, 
the net alignment of the magnetic 
moments of the adults is relatively 
consistent: the natural field is in the 
horizontal plane of the bee and 
transverse to its body axis. Again, this 
suggests natural synthesis. The 
crystals are located in the front of the 
abdomen, near one of the bees’ two 
gravity organs. 

Later, while measuring bees from 
another, less magnetic hive, Kirsch¬ 
vink and I discovered that the bees 
are also loaded with superparamag- 
netic grains of magnetite. These much 
smaller crystals are detected by 
freezing the animals in liquid nitrogen 
(this lowers the thermal “noise”—the 
T in kT—and makes even small 
crystals temporarily stable). By 
watching the magnetism disappear as 
the bees warmed in the magnetome¬ 
ter, we were able to show that these 
superparamagnetic crystals are very 
numerous and all of a size: 10 8 grains, 
virtually all between 300 and 350A. 
The very restricted size range again 
suggests a biological origin. 

The results of three of our experi¬ 
ments have led us to suspect that the 
sensitivity of bees to the earth’s 
magnetic field is based on these tiny 
crystals (Gould et al, in press): (1) the 
effects of misdirection are 90° out of 
phase with the orientation of the 
permanent magnets; (2) deGaussing 
our bees with an enormous 2100 
Gauss coil (built for us by Princeton’s 
Plasma Physics Laboratory), 
mounted inside another coil system to 
cancel the earth’s field, did not affect 
their dances; and (3) some of our bees 
were able to orient magnetically with 
only superparamagnetic grains. 
Deffeyes, Benjamin Walcott, at 
SUNY Stony Brook, and I, along with 
Princeton graduate students Fred 
Dyer and Will Towne, are investi¬ 
gating the anatomy of the bees and 
trying to confirm the extreme sensi¬ 
tivity implied by the results of the 
circadian rhythm experiments. B. 
Walcott has, in fact, already found an 
intriguing group of cells in the front 


of the abdomen containing discrete 
particles of an iron-staining mate¬ 
rial. 

If bees have magnets, what about pi- 
geons—or the rest of the animal world 
for that matter? On one of our visits 
to the USGS cryogenic magnetometer 
in Flagstaff, Arizona, Kirschvink and r 
I took along a suitcase full of speci- \ 
mens, including two homing pigeon J 
heads provided by C. Walcott. The f 
pigeons were “hot”—about 10 to 100 
times as magnetic as bees. At the 
time, all we could say about the tiny I 
piece of tissue our elegant nonmag¬ 
netic dissection instruments (plastic 
picnic knives, broken glass, etc.) 
turned up was that it was between the 
brain and the skull, and toward the 
front. C. Walcott, Kirschvink, and I, [ 
using the magnetometer at Woods jj 
Hole, have now located and removed f 
the same bit of tissue from about two ; 
dozen more pigeons. Electron micro- \ 
graphs show vast numbers of dark, 
needle-shaped, iron-containing 
objects about 0.1 jam long. At [ 
Princeton, we were able to confirm j 
that the magnetism of these tissues is f 
due to magnetite. Based on these j 
measurements, each pigeon has about! 
10 8 stable magnets (Walcott et al. ) 
1979). Now B. Walcott is investigat -1 
ing the anatomy of the pigeons while i 
the rest of us wait impatiently. | 

At this point, we cannot be sure that | 
these surprising concentrations oft 
magnetite in honey bees and homing f 
pigeons have anything at all to do; 
with their apparent magnetic-field \ 
sensitivity. However, when Kirsch- \ 
vink and I (in press) began developing | 
explicit magnetite-based models (one i 
of which makes use of magnetite’s L 
high electrical conductivity), we were 
able to calculate just what sensitivity : 
the hundred million magnetic grains 
in bees and pigeons ought, in theory, l ; ' 
to provide. To our surprise, the po- ; 
tential sensitivities are one to two [ 
orders of magnitude better than the I 
most extreme values reported in or to' 
be inferred from the literature. 

As a result, magnetite-based mag-r 
netic-field sensitivity suddenly seerr» \ 
a good bet for terrestrial animals, if m 
for no other reason than that it is the ' 
only realistic bet at the moment. At E; 
the same h me > whether the magnetic L 
sensitivity specifically depends on the r 
magnetite is a very difficult thing to . 
test behaviorally. However, the dis* : 
covery of the crystals has lent enough j: 


plausibility to this otherwise notor¬ 
iously ephemeral field that I and my 
colleagues at Princeton and SUNY 
Stony Brook are willing to risk our 
time in exploring more deeply the 
phenomenology of this most inter¬ 
esting and still magical of sensory 
systems. 
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Owen b. Toon Atmospheric Aerosols and Climate 

James B. Pollack 

Small particles in the Earth's atmosphere interact 
with visible and infrared light, altering the 
radiation balance and the climate 


Small liquid and solid particles are 
ubiquitous in the atmosphere of 
Earth and the planets. With each 
breath an average terrestrial urban 
dweller may inhale 10 8 particles, or 
aerosols, composed of such diverse 
substances as sulfuric acid, sulfates of 
ammonia, nitrates, soil, and hundreds 
of organic compounds, some of which 
are carcinogenic. One out of four 
photons of visible light vertically 
traversing a typical urban atmo¬ 
sphere encounters an aerosol before 
reaching the ground, while a photon 
horizontally crossing a city may travel 
only about 10 km before intercepting 
a particle. During smoggy conditions, 
light is affected even more strongly by 
the particles. Pronounced optical ef¬ 
fects due to aerosols are also notice¬ 
able outside the cities. Photochemi- 
cally produced aerosols spread out 
over wide regions around cities; 
aerosols raised during desert dust 
storms are transported thousands of 
kilometers; and, after large volcanic 
eruptions, aerosols in the stratosphere 
can blanket the Earth (Pig. 1). 

Atmospheric particles composed 
mainly of water are usually called 
cloud particles, despite their basic 
similarity to particles composed of 
other substances, which are classified 
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as aerosols. Clouds are affected by 
aerosols because every cloud drop in 
the sky forms around a particle. 
Aerosols can alter the optical prop¬ 
erties of clouds by changing the cloud 
droplet composition, they can control 
precipitation by modifying the num¬ 
ber and size of water drops, and they 
can alter cloud chemistry and lead to 
acid rainfall. Acid rainfall is a signif¬ 
icant hazard to vegetation, to life iii 
lakes and streams, and to exposed 
buildings and statues. 

Other planets are even more in¬ 
fluenced by aerosols than is Earth. On 
Mars, global dust storms dirty the 
atmosphere. Soil dust is the radia- 
tively dominant material in the 
Martian atmosphere and is inti¬ 
mately tied to Martian climate 
change. On Venus, a dense photo¬ 
chemical smog, similar to the acid 
hazes of many terrestrial cities, 
blankets the entire planet and plays 
a significant role in Venusian meteo¬ 
rology. Aerosol clouds of various 
compositions also dominate the at¬ 
mospheres of the outer planets Jupi¬ 
ter, Saturn, Titan, Uranus ( and 
Neptune. 

Aerosol studies for Earth and the 
planets are currently being carried 
out by a large number of scientists 
working in diverse fields. A particu¬ 
larly interesting controversy, which 
we will focus on in this paper, con¬ 
cerns the impact of terrestrial aero¬ 
sols on the Earth’s solar and infrared 
radiation budget and climate. Two 
questions are being debated: Do 
aerosols warm or cool the Earth? Is 
the effect climatologically signifi¬ 
cant? 

The debate is caused partly by a lack 
of experimental data on the optical 
properties of aerosols and partly'by 
our inability to predict accurately the 


Earth’s weather and climate. How¬ 
ever, much of the confusion is due to 
an oversimplification of the problem f 
that results from considering only one r - 
type of particle. Given a single type of 
aerosol, theorists who study the ra¬ 
diation budget agree reasonably well P 
upon the magnitude of the climatic j 
impact and on whether it should be l 
warming or cooling. Unfortunately, f 
real aerosols arp temporally and spa¬ 
tially diverse. Therefore, since there jV 
is no single type of aerosol, theorists " 
provide different solutions to the . 
problem of the impact of aerosols on r 
climate for different aerosols. t 

In this paper we will first define the j 
optical properties that are important i' 
for characterizing the effect of aero-1 
sols on the radiation budget. Then we I 
will disedss theoretical studies of the 
connection between the aerosol op¬ 
tical properties and the climate. After 
describing what is known about the 
optical properties of natural aerosols ;: 
and their variability, we will review j; 
the available observational evidence ' 
linking aerosols and climate. Figure ■ 

2 presents a schematic summary of ! 
the climatically significant interac- i 
tions between aerosols and light from |. 
the sun as well as between aerosols i : 
and infrared light from the Earth’s | 
surface and atmosphere. 

Optical properties 

The physical properties of aerosols, J 
such as size, shape, refractive index, f 
and concentration in the atmosphere,! 
control the aerosol interaction with \ 
light according to a set of derived# 
properties, which are known ds opti- 1 
cal properties. Three fundamental u 
properties are the optical depth, a ■ 
measufe of the size and number of 
particles present in a given columh of i; 
air; the single scattering albedo, the ’, 
fraction of light intercepted and | 
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scattered by a single particle; and the light, and when small quantities of 
asymmetry parameter, an integrated these constituents are present, aio can 
measure denoting the portion of light be reduced to about 0.5. The world- 


the asymmetry parameter, *, which 
varies from -1 to 1. If# were 1, all the 
light would be scattered into the 


scattered forward m the direction of wide and even the local prevalence of hemisphere centered on the direction 
the original propagation and the absorbing compounds is poorly of the light beam’s original propaga- 
portion scattered backward toward known. Most aerosols strongly absorb tion. If % were -1, all the light would 
the light source. (For a detailed re- infrared light, and thus u3o is less than be scattered backwards For tvnical 
view see Hansen and Travis 1974.) 0.1 in the infrared. The product % is aerosols g is greater than zero, Due to 

ii.i, , , the scattering optical depth: a light the small particle size relative to in- 

A light ray traversing an aerosol- ray traversing an aerosol-laden col- frared wavelengths,* is about 0.5 or 
laden column of air will be reduced by umn will be reduced due to scattering less for most aerosols in the infrared 
the effects of absorption and scat- as the exponent of %. The absorp- At visible wavelengths, g tends to be 
tenng as the exponent of the optical tion optical depth is (1 - cb 0 )r. close to 0.7. Fortunately, * depends 


depth, t, which is ba¬ 
sically just the 
weighted product of 
the number of parti¬ 
cles in a column of 
unit area and the 
cross-sectional area of 

space and time liver- Pi g ur e 1. The eruption of Krakatoa, in 1883, injected large quantities of volcanic lations ’ atmos P lleric 

ages for r are major ob- mtoth ® flt ™sphere,Some of the ash can be seen falling out of the motions are generally 

servational unknowns, h ' S lthographlc reproduction of a photograph taken early ignored. The climate 

though r is known change, represented 

for many local areas. hy a change in the 

global mean surface 

A fraction of the light intercepted by The light scattered by aerosols is not hv * emp ™ tare ' isfou ” d 

a particle is scattered and a fraction scattered uniformly in all directions 16 S ° ar , energy , ab " 

is absorbed. The fraction scattered by but has a complexaneular dSn + T b ? by ^ gases , f d aeroS()la in 
any single particle is called the single tion that can be a function JSS' the atmosphere and by the Earth’s 
scattering albedo, ok Most atmo- length Rainhnwe °f mve ‘ surface against the infrared energy 

spheric plrticles do not rong^ab- ? di " to space by the Earth’s arm 

sorb visible light, so oj 0 for these par- clouds are due to the m i Wat fu face and atmos P h ere. The balance is 
tides is between 0.9 and 1.0. However, ^ * «e e, 

there are minor aerosol constituents distribution. A simple integrated 

sue as soot that do absorb visible measure of the angular scattering is Climatic changes, such asdroughtenr 


close to 0.7. Fortunately, g depends 
only weakly upon the 
particle size and 
composition, and thus 
o9 the observational un- 

"a wt certainty about g is 

H much less significant 

for climate than the 
, rjBj uncertainty about w ( | 

M aM and t. 








Figure 1, The eruption of Krakatoa, in 1883, injected large quantities of volcanic 
gas and ash into the atmosphere, Some of the ash can be seen falling out of the 







Figure 2. This schematic drawing shows the j 
interactions between aerosols and sunlight, and j 
aerosols and infrared light. Aerosols in the ; 
stratosphere, 20 km above the Earth’s surface, j 
absorb light from the sun and infrared light j 
coming up from the lower atmosphere. Strat- j 
ospheric aerosols have a warming effect on the f 
surface by emitting infrared light toward the ! 
lower atmosphere, but this effect is offset by j 
the aerosols’ absorption of solar energy and ]' 
backscattering of sunlight into space, which f 
prevents it from reaching the surface. Whether L 
the net effect of the stratospheric aerosols is to j 
warm or cool the surface depends upon the size / 
of the particles: since they are generally rather \ 
small, the effect is to cool the surface. Tropo- 
spheric aerosols, in the atmosphere just above 
the Earth’s surface, cool it by backscattering 
sunlight, but they warm it by absorbing sun- f. 
light, Whether the net effect is warming or j 
cooling depends upon the ratio of absorption j 
to scattering, and this ratio depends upon the! 
composition of the tropospheric aerosols, which f 
is variable and poorly known. f 


r 



becomes less and less. Below w 0 of 
about 0.85, the critical albedo w c , 
aerosols do not cool the Earth at all 
but absorb so much solar energy that 
they warm the Earth. (In this figure, 
the temperature scale is zeroed rela¬ 
tive to the temperature calculated by 
using, as a “standard,” aerosols that 
cool the Earth by about 1.5°C. If the 
temperature scale had been zeroed 
relative to the temperature calculated 
by assuming aerosols that neither 
warm nor cool the Earth, then the 
critical albedo would be at 0 of the 
temperature scale in Figure 3, bottom 

m 

The precise value of w c . depends upon 
the model used. For example, several 
studies have shown that a> c is much 
higher if the tropospheric aerosols are 
over very bright terrain such as a 
desert or a snow field rather than 
land, which has a typical albedo of 
10%. This difference in a c occurs be¬ 
cause the main climatic effect of the 
aerosol is to scatter sunlight back into 
space. However, if the ground already 
reflects most of the sunlight, the 
aerosols cannot much increase the 
total amount of sunlight reflected to 




Figure!!. Surface temperature in greatly in¬ 
fluenced by the basic optical properties of the 
aerosols in the troposphere. Top left: The 
surface temperature changes as the amount of 
aerosols varies from t he amount in the “stan¬ 
dard” aerosol distribution. Bottom left: The 
surface temperature changes as the single 
scattering albedo is varied from the value in the 
“standard” aerosol distribution; the critical 
albedo is the value below which the cooling 
effect of the aerosols would be eliminated. 
Bottom right: The surface temperature 
changes us the optical depth of the aerosols at 
infrared wavelengths, where little gaseous ab¬ 
sorption occurs, varies from the value in the 
“standard" aerosol distribution. (From Hanson 
etal. 1979.) 
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a series of harsh winters, are usually 
restricted to small areas of the Earth. 
Often there will he compensating 
climatic changes from region to re¬ 
gion: drought in one location may be 
nearly balanced by unusually high 
precipitation in another location. 
Periods of climatic extremes in nu¬ 
merous portions of the globe have 
been found to accompany small 
changes in global temperatures. We 
can calculate small changes in global 
temperature using global-average 
climate models, but not local tem¬ 
perature and precipitation 
changes—the quantities of real cli¬ 
matic importance. The local changes 
must simply be inferred from the 
global-average calculations on the 
basis of past climatic changes. Typical 
changes in the Earth’s global mean 
surface temperature over the last 
thousand years, during which the 
climate has varied considerably, have 
been about 1°C, whereas the differ¬ 
ence between the present and the 
ice-age mean temperatures is only 
about 5°C. Calculated global tem¬ 
perature changes of even Several 


tenths of a degree are therefore 
thought to be quite significant, 

Many people have studied the rela¬ 
tionship between surface temperature 
and aerosol loading. Figure 3 illus¬ 
trates the dependence of the surface 
temperature upon the tropospheric 
aerosol optical properties r and % as 
calculated with a relatively sophisti¬ 
cated global-average radiative model 
(Hansen et at 1979). The surface 
temperature scale is zeroed to a cal¬ 
culation using a “standard” aerosol 
distribution based upon an early 
analysis of the available observations 
(Toon and Pollack 1976). The stan¬ 
dard model has a r of 0.125 and a «o of 
0.99 at a visible wavelength of 5500 A, 
while the optical depth is 0,06 at an 
infrared wavelength of 10 jinn. Most 
of the aerosols in the standard model 
are located close to the Earth’s sur¬ 
face and are referred to as tropo¬ 
spheric aerosols. 

The radiation budget of the Earth is 
dominated by water vapor and 
clouds, which raise the Earth’s sur¬ 


face temperature about 15°C above I 
the temperature that the Earth would 
have without an atmosphere. Aerosols 
have a smaller but still significant 
effect. For example, Figure 3 (top left) ' 
suggests that if there were no tropo¬ 
spheric aerosols, the Earth would be | 
about 1.5°C warmer than it is. But if I 
there were twice as many aerosols of |- 
the type found in the standard model, 
the Earth might be cooler than it is by 
1.5°C. The reason for these differ- 
ences is that the aerosols in the stan- \ 
dard model do not absorb much solar | 
radiation but they do scatter sunlight | 
back into space, so less sunlight is j. 
available to warm the Earth’s surface, | 
As the aerosol concentrations in- f : 
crease, the surface would get pro- p 
gressively cooler. The aerosols are too F 
small to interfere efficiently with in¬ 
frared radiation, ^ 

d; 

The importance of the visible ab- f : 
sorption is illustrated in Figure i. 
3 (bottom left). As o>o decreases, the : 
tropospheric aerosols absorb more l 
solar energy and scatter less back to 
space, and their net cooling effect ; 


space. Then the energy absorption by 
the aerosols may be greater than the 
scattering, causing a warming effect. 
The critical albedo also depends upon 
the asymmetry parameter, g, because 
if light is scattered forward, as most 
of it is, it still reaches the ground to 
warm the surface. 

Figure 3 {bottom right) illustrates the 
sensitivity of the surface temperature 
to the optical depth of aerosols at in¬ 
frared wavelengths. Typical terres- 


--—a 

bands near a wavelength of 10 pm. On 
the other hand, Earth’s atmosphere 
is almost transparent near 10 pm, and 
consequently a large fraction of the 
infrared radiation escaping from the 
Earth to space is close to this wave¬ 
length. Aerosols prevent some of this 
radiation from escaping, which makes 
the Earth warmer through a “green¬ 
house” effect. As the infrared optical 
depth increases, the greenhouse effect 
warms the Earth more and more, 
thereby counteracting the cooling 
effect caused by the aerosols’ scat¬ 
tering of solar radiation back to space. 
However, even in the extreme case 
when the infrared and visible optical 
depths are equal, the net effect of the 
tropospheric aerosols in the standard 
model would be to cool the Earth. 


The ratio of infrared to visible opacity 
is controlled by the size distribution 
of the aerosols; the standard aerosol 
distribution assumes a relatively 
great abundance of large particles, so 
it is not likely that the standard dis¬ 
tribution underestimates the infrared 
effect. 

Most aerosols are near the Earth’s 
surface, but an important layer of 
particles is found about 20 km above 
the surface, in the stratosphere. 
These aerosols normally have such a 
small t that they are unimportant for 
climate. However, after large volcanic 
eruptions, their r can be as large as 
that of the aerosols in the tropo¬ 
sphere. The relation of climate to the 
optical properties of stratospheric 
aerosols is slightly different than for 
tropospheric aerosols, as has been 
demonstrated by several groups 
(Pollack et al, 1976a, b; Hansen et al. 
1978). 

Figure 4 shows that the relation be¬ 
tween the optical depth and surface 
temperature for the stratospheric 
aerosols is quite close to that given in 
Figure 3 for tropospheric aerosols, 
However, for stratospheric aerosols, 


the dependence of warming and 
cooling upon coo and upon the varia¬ 
tion of r with wavelength is different 
than for tropospheric aerosols. The 
stratosphere is not strongly coupled 
to the Earth’s surface by atmospheric 
dynamics, and if the stratospheric 
aerosols absorb some incoming solar 
energy, the energy would not be con¬ 
ducted to the surface. Indeed, it is 
found both observationally and the¬ 
oretically that the presence of strat¬ 
ospheric particles simultaneously 
causes the surface to cool and the 
stratosphere to warm, The aerosols 
warm the stratosphere by absorbing 
solar and infrared energy, The solar 
energy which the stratospheric aero¬ 
sols absorb and backscatter does not 
reach the surface, causing cooling 
there. Hence, stratospheric aerosols 
cool the surface for all values of % 

The size of the stratospheric aerosols 
is an important factor in determining 
whether the climate warms or cools. 
Small particles, as shown in Figure 4, 
tend to cool the surface, whereas 
larger ones warm the surface. For 
stratospheric particles whose size is 
less than 0.1 pm, the ratio of the in¬ 
frared r to the visible r is 0.1. For 
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0.25-jum-radius particles, however, 
the ratio is 0.5, and for 0.5-^m-radius 
particles the two optical depths are 
nearly equal. The reason infrared 
opacity is more important for strato¬ 
spheric aerosols is that they are at 
high altitude and low temperature. 
The larger cold particles are very ef¬ 
fective at blocking infrared radiation 
coming up from the atmosphere and 
surface below, thereby warming the 
surface. Because tropospheric aero¬ 
sols lie below much of the atmosphere 
and are almost as warm as the ground, 
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, Aerosol optical depth in visible light 
Figure 4. The surface temperature is influenced 
by the number of sulfuric acid particles in the 
stratosphere and by the size of volcanic dust 
particles. Large particles tend to warm the 
surface whereas small ones cool it; the sulfuric 
acid particles are usually smaller than 0,1 /tm, 
and thus they have a cooling influence. (From 
Pollack et al. 1976a, b.) 


they are not nearly as efficient at 
blocking the escape of the infrared 
energy. 

Globally distributed stratospheric 
aerosols will always warm the strato¬ 
sphere. However, the Earth’s surface 
will cool if most of the aerosols are 
smaller than a critical size-near 0.5 
Mm, depending somewhat upon the 
aerosols’ composition and the Earth’s 
albedo. Hence r and the size of the 
stratospheric aerosols are the most 
important parameters needed to es¬ 
timate the effect of the aerosols on the 
climate. The major complicating 
factor is that, after a volcanic erup¬ 
tion, the aerosols evolve rapidly in 
size and composition as they spread 
out over the Earth. Although obser¬ 
vational data are sparse, it seems that 
the size of the particles varies for 
several months: as the dust veil begins 
to form, the particles may be larger 
than the critical size. 


As for the tropospheric aerosols, the 
Earth’s surface will cool if globally 
distributed aerosols have a wq larger 
than the critical albedo (near 0.85), 
and the magnitude of the cooling will 
depend in a nearly linear manner 
upon r. Hence, o > 0 and r are the prin¬ 
cipal variables that need to be known 
in order to relate tropospheric aero¬ 
sols and climate. The major compli¬ 
cation for the analysis is that aerosols 
are not uniformly distributed, either 
horizontally or vertically, throughout 
the troposphere, and therefore <3o and 
r vary widely with location. The value 
of the critical albedo also varies with 
location because it depends upon the 
ground albedo. In addition, once the 
aerosols affect the radiation budget in 
one area, the atmosphere responds 
with complex changes in the wind and 
clouds. Because aerosols are hetero¬ 
geneous, climate theorists cannot 
provide a single answer to the ques¬ 
tion of whether tropospheric aerosols 
cool or warm the Earth: there is no 
single answer. 

Variability of optical 
properties 

The most important optical proper¬ 
ties needed to determine the tem¬ 
perature at the Earth’s surface are the 
stratospheric and tropospheric opti¬ 
cal depths, the aerosol size distribu¬ 
tion in the stratosphere, and the tro¬ 
pospheric aerosol single-scattering 
albedo at visible wavelengths. At 
present it is only possible to formulate 
a general outline of the range of these 
values (Toon and Pollack 1976). 

The aerosols in the atmosphere form 
a complex mixture (Fig. 5), which can 
be separated into classes on the basis 
of the aerosols’ elemental composi¬ 
tion. Soil-derived aerosols, composed 
of minerals and organic debris of 
fairly large size ( 1-10 Mm), comprise 
a large fraction (about 30%) of the 
global aerosol mass burden, Such 
aerosols spread far from the land of 
their origin, as evidenced by the great 
quantity of dust from the Sahara 
Desert that reaches the Caribbean 
(Carlson and Prospero 1972). Sea- 
spray aerosols, composed mainly of 
sea salt and marine organics, are also 
fairly large ( 1-10 im l) but constitute 
only a modest fraction of the total 
aerosol mass (10-15%). Sea salt does 
not spread very far inland or to very 
high altitude because it is rapidly re¬ 
moved from the atmosphere by pre¬ 


cipitation (Junge 1972). Sulfur com¬ 
pounds, mostly sulfuric acid and 
ammonium sulfate, constitute the 
largest fraction (about 50%) of the 
total tropospheric aerosol load and 
are found everywhere from the con¬ 
tinents and the oceans to the poles, 
Sulfuric acid is the dominant aerosol ; 
in the stratosphere. Sulfates are pri- j 
marily formed within the atmosphere 
by complex photochemical and solu¬ 
tion reactions and are typically rather j 
small (0.1 Mm). Many other materials I 
are also found in the atmosphere, in- I 
eluding graphitic soot, forest-fire | 
debris, nitrates, and numerous or- | 
ganic compounds. The optical prop- I 
erties of these various materials are | 
quite different. J 

!> 

Experimental projects to determine f 
top have used one of three approaches: I 
direct measurements of w 0 in the at* I 
mosphere (Herman et al. 1975; Weiss | 
et al. 1978); laboratory measurements J 
of the absorption by collections of I 
atmospheric aerosols and calculation I 
of dio (Lindberg 1975; Patterson et al. | 
1977); or laboratory measurements of I 
the absorption by pure materials I 
known to compose aerosols and cal- I 
culation of w 0 (Palmer and Williams I 
1975; Toon et al. 1976; Twitty and ) 
Weinman 1971). The laboratory J 
studies have shown that materials j 
such as sulfates and sea salt are very § 
transparent to visible light and have I ■: 
w 0 very close to unity. Most rock | 
particles are only moderately ab- 1 ; 
sorbing and have w 0 above 0 . 9 , al -1 
though smaller values are occasion -1 
ally found. The laboratory studies I 
combined with observations of the I 
most common aerosol materials I; 
suggest that wo is usually well above | 
the critical value of 0.85, and thus we |; 
would expect that aerosols will gen -1 
erally cool the Earth. However, in r . 
certain regions wind-borne dark |- 
aerosols derived from soil over high -1 
albedo surfaces might cause warming, 

In contrast, the direct studies of w 0 in j: 
the troposphere find that wo is nor -1 
mally at or well below the critical I. 
value, with a few exceptions. I 

Accurate direct measurements of 65 .1 
are quite difficult to make, and the \ 
available values could be wrong. Also, f 
measurements have not been per 1 
formed in enough locations to obtain I 
a “typical” value. Most of the lowest 1 
wo values have been found in urban | 
regions, which comprise only a small 8 
fraction of the Earth’s area. For these 1 
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reasons, the available direct studies 
may be misleading when applied to 
the global problem. However, it is also 
quite possible that the laboratory 
studies have overlooked minor, highly j 
absorbing materials such as iron ox¬ 
ides or soot. If 10 to 20% of the aero¬ 
sols were composed of soot, the value 
of wq would be below the critical value 
even if the remaining bulk of the 
material were completely transpar¬ 
ent, If the absorbing particles were 
much smaller than the typical aero- « 
sols, an even smaller mass fraction 
could be very significant (Bergstrom 
1973). It has been found that a small 
amount of soot is responsible for the 
low values of wo in urban areas (Rosen 
et al. 1978). 

Very little is known about the vari¬ 
ability of % and much of the debate 
about whether aerosol pollution will 
lead to a warming or cooling of the 
Earth depends upon which com¬ 
pounds are being added to the atmo¬ 
sphere. Those who believe anthro¬ 
pogenic aerosols are warming the 
climate point to the fact that w 0 is 
lowest in urban areas, suggesting that 
man is lowering w 0 globally by emit¬ 
ting soot and perhaps opaque hydro¬ 
carbons. One reason for restricting 
soot emissions from diesel engines is 

to prevent the lowering of wo. Many of 
those who believe anthropogenic 
aerosols are cooling the Earth blame 
sulfate compounds, which are known 
to have a large wq. Human activities 
now probably account for about half 
the sulfur compounds in the atmo¬ 
sphere (Bach 1976). Concern about 
sulfate aerosols is one reason for strict 
emission controls on sulfur dioxide. 
Another group points to the large 
quantity of soil debris that humans 
release to the atmosphere by agri¬ 
cultural activity. Most soil debris has 
wo above the critical value, and thus 
in most areas agricultural activity 
may have the effect of cooling the 
Earth. 

Since aerosol optical depth is pri¬ 
marily a measure of the aerosol con¬ 
centration, increased levels of pollu¬ 
tion could be detected by monitoring 
r. Although it is difficult to measure 
wo, it is quite simple to measure r. As 
the solar beam passes through the 
atmosphere, some sunlight is ab¬ 
sorbed by aerosols and some is scat¬ 
tered and ends up as diffuse sky light. 

The optical depth is the natural log¬ 
arithm of the ratio of the sunlight 
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Figure 5. Stratospheric particles (above) are 
generally fluid sulfuric acid, though solid par¬ 
ticles of diverse types are present, especially 
after large volcanic eruptions. These elec¬ 
tron-microscope photographs show particles 
collected by N. Farlow using NASA’s U2 air¬ 
craft flying near 20 km. (The number in each 
is the size of the largest particle.) Below: Tro¬ 
pospheric particles are extremely diverse, and 
their structure depends strongly upon when 
and where they are captured. This electron- 
microscope photograph shows particles ob¬ 
tained by D, Wood between 3 and 8 km altitude 
near Dallas, TX. The largest particles are about 
5 /rm in diameter, and x-ray diffraction studies 
indicate that they are soil particles; the small 
particles are probably sulfates. 





reaching the ground in the direct solar 
beam to the sunlight impinging at the 
top of the atmosphere. 

Observations of r at visible wave¬ 
lengths have been made since about 
1900 at a few locations, but data from 
even a few places are useful for mon¬ 
itoring the stratospheric optical 
depth, because changes in the 
stratosphere occur on a nearly global 
scale. Figure 6 illustrates that changes 
in the stratospheric optical depth due 
to explosive volcanic eruptions have 
more than doubled the Earth’s aver¬ 
age aerosol optical depth for a year or 
two following each eruption, Explo¬ 
sive volcanic eruptions are episodic, 
and though many volcanoes erupted 
between 1870 and 1912, there has 
been only one large eruption since 
1912. Indirect evidence (Lamb 1970) 
shows that there were large volcanic 
optical depths for the entire four 
centuries from 1500 to 1900, and 
studies of volcanic ash in polar cores 
reveal a 10 -thousand-year period of 
explosive volcanic activity centered at 
the peak of the last ice age, twenty 
thousand years ago (Gow and Wil¬ 
liamson 1971). NASA now has a sat¬ 
ellite program designed to study the 
optical depths and the spread of 
aerosols after large volcanic erup¬ 
tions. 

The optical depth changes in the 
stratosphere following large volcanic 
eruptions are due partly to volcanic 
ash and partly to sulfuric acid parti¬ 
cles. Unfortunately, we do not pre¬ 
cisely know the ratio of these mate¬ 
rials or their sizes. It is believed that 
ash particles larger than the critical 
size dominate the volcanic cloud ini¬ 
tially but soon fall out of the atmo¬ 
sphere. Then sulfuric acid particles, 
formed from chemical reactions in¬ 
volving volcanic gas, dominate the 
period following the eruption (Toon 
and Pollack 1976). In order to test 
these ideas, NASA has an extensive 
aircraft sampling program in the 
stratosphere, and theoretical models 
of the aerosols have been constructed 
in an attempt to predict the aerosol 
sizes (Turcoetal, 1979), 

Considerable thought has been given 
to the possibility that human beings 
might alter the stratospheric aerosol 
optical depth by flying aircraft and 
rockets through the stratosphere or 
by adding sulfur gases to the strato¬ 
sphere as industrial pollutants (Pol- 












lack et al. 1976b, c; Turco et al. 1980). 
At present, it does not appear that 
any of man’s planned activities dur¬ 
ing the next several decades will cause 
a significant enhancement in the 
stratospheric optical depth, except 
possibly a small increase due to the 
release of carbonyl sulfide, an indus¬ 
trial pollutant (Turco et al. 1980). 

The optical depths of tropospheric 
aerosols vary on shorter time and 
space scales than do those of strato¬ 
spheric aerosols. A general trend 


areas, or agricultural areas, including 
parts of Japan, the eastern and 
southwestern United States, and the 
Soviet Union, we have evidence of 
large upward trends in optical depth 
during the past several decades (Ya¬ 
mamoto etal. 1971; Husar et al. 1979; 
Machta 1972; Trijonis 1979), Tropo¬ 
spheric aerosols come from local 
sources and are rapidly removed from 
the atmosphere. Hence the major 
changes are expected on regional but 
not global scales. At present, we have 
an incomplete picture of the regional 
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Figure 6. Observations of the change in atrat- the Earth. For example, the data after the 1963 


ospheric aerosol optical depth at visible \ 


eruption of Mt. Agung, which is south of the 


length over the past century show that large equator, show large optical depths in the 


volcanic eruptions create optical depths for a 
year or two that are as large as those of tropo¬ 


spheric aerosols, The optical depths vary over 1976a.) 


Southern Hemisphere, and smaller ones in the 
Northern Hemisphere, (From Pollack et al. 


shows much lower tropospheric op¬ 
tical depths at higher latitudes than 
at lower latitudes, and much lower 
optical depths over oceans than over 
continents (Toon and Pollack 1976), 
There is little evidence for large glo¬ 
bal-scale changes in the tropospheric 
optical depth. The optical depth has 
been monitored at remote moun- 
taintop sites for several decades, and 
no long-term trends have yet been 
detected (Roosen et al. 1973; Ellis and 
Pueschel 1971), However, at many 
rural sites near cities, industrialized 


aerosol concentrations, but in several 
years we expect to have satellite- 
borne lasers that will he able to map 
tropospheric aerosol concentrations 
and greatly improve our knowledge. 

Of the major aerosol constituents— 
sea salt, soil, and sulfates—large op¬ 
tical depth changes due to sea salt are 
the least likely, whereas changes due 
to soil particles are the most prevalent 
and best documented. Significant 
regional soil aerosol enhancements 
result from dust storms near desert 


regions and during droughts in 
semi-arid regions of the world. For 
example, the optical depth of the dust 
from the Sahara Desert often reaches 
0.5 over the Atlantic and sometimes 
exceeds 2.0 (Carlson and Caverly 
1977). Also, large variations in the 
dust over the Atlantic may he par¬ 
tially caused by drought in Africa 
(Prospero and Nees 1977). A well- 
known example of drought-caused 
dust was the Dust Bowl era of the 
1930s, which affected the plains of the 
south-central United States. Al¬ 
though much dust is naturally re- j 
leased from the soil, human activities | 
have greatly increased the amount j 
supplied to the atmosphere by al- | 
tering the natural vegetation that f 
used to prevent soil from being erod- I 
ed, No observations allow us to esti- !. 
mate exactly how much of an impact I 
these soil particles have on the global 
average optical depth, but local mi* 
thropogenic enhancements are well j 
known. 

Knowledge of the sulfate optica! 
depth and its variability comes rather 1 
indirectly. Since sulfates seem to 
constitute about half the world’s 
aerosol mass, they may supply half I 
the global average aerosol optical V 
depth. Indeed, since the optical depth | 
is proportional to the surface area of | 
the aerosols and the mass is proper- | 
tional to their volume, a fixed mass of : 
small sulfate particles has a much 
larger optical depth than the same ( 
mass of large rock or salt particles. {' 
Man’s contribution to the sulfate r 
supply is roughly half, or 25% of the | 
total aerosol optical depth. Studies in ft:- 
New York City (Leaderer etal, 1978) | 
suggest that sulfates are responsible I 
for 50% of the light scattering there, f; 
Weiss and co-workers (1977) find that l 
sulfates dominate the light scattering I 
in the midwestern and southern j 
United States, and Waggoner and \ 
co-workers (1976) reach a similar f 
conclusion about light scattering in ■ 
Scandinavia. Several pollution epi- \ 
sodes of greatly enhanced sulfate 
levels and reduced visibility over «■ [ 
tensive regions of the eastern United ’ 
States have been mapped by large- . 
scale monitoring networks (Hidyei \ 
al. 1978). Annual averages of aerosol jjr 
optical depths are much higher in I 
central Europe and the eastern ; 
United States than in surrounding ! 
regions (Flowers et al. 1969; Yaraa- i_ 
moto et al. 1968); the difference seems j 
to be due to sulfates most probably | 


produced by humans (Weiss et al. 
1977). Trijonis (1979) has empirically 
linked anthropogenic sulfate emis¬ 
sions with increasing aerosol optical 
depth in the American Southwest. 

Changes in climate 

Regional and global changes in cli- 
j mate have yet to be explained satis- 
I factorily. The radiative impact of 
stratospheric aerosols during the year 
or two following a volcanic eruption 
is probably the least controversial 
agent of climatic change, because the 
eruption serves as a time marker after 
which the Earth’s climate can be 
carefully monitored for small changes 
until the volcanic debris has fallen 
from the sky, Large volcanic erup¬ 
tions can provide a unique, well-de¬ 
fined check upon climate models. A 
major difficulty in testing climate 
models or in determining the cause of 
climate changes is that most agents, 
such as C0 2 , tropospheric aerosols, or 
the sun’s luminosity, vary rather 
slowly and thus their effects can be 
confused with each other and with 
natural fluctuations. 

Benjamin Franklin first suggested 
that volcanoes might affect weather 
when he ascribed the harsh winter of 
1784 to a “dry fog” whose origin he 
thought might have been a large vol¬ 
canic eruption. Since Franklin’s time, 
several people have studied the 
weather after an explosive eruption to 
see if they could discover an effect | 
(Lamb 1970). A statistical correlation < 
was found which suggested that an < 
eruption cools the Earth by several ' 
tenths of a degree. Sometimes severe f 
weather changes after a large erup- | 

tion have caused much human suf¬ 
fering, as m 1816—-the “year without * 
a summer”—when frost and cold j 
plagued New England and Western “ 

Europe (Hoyt 1958). Some of the l 
suffering of 1816 still remains to = 
haunt moviegoers, since the bad .£ 
weather that year provided Mary \ 
Shelley the opportunity to write I 
Frankenstein. 0 


me uopicai oouinern nemispnere. a 
0.5°C cooling was observed in the 
tropics at the surface, whereas the 
stratosphere was observed to warm by 
several degrees. The empirically ob¬ 
served link between the atmosphere 
and the aerosols can he tested by 
calculating the climatic change that 
should have been caused by the ob¬ 
served aerosols. The calculation is 
based upon a sophisticated radia¬ 
tive-balance model (Fig. 7) including 
very simple dynamics (Hansen etal. 
1978). Despite its basic simplicity, the 
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affect climate and also helps to reas¬ 
sure us that we may one day actually 
be able to predict climate changes. Of 
course, climate models will require 
much further development and test¬ 
ing before we can use them with as¬ 
surance. 

Several studies based on observations 
of stratospheric volcanic optical 
depths (see Fig, 6) over the last cen¬ 
tury have suggested that some of the 
observed global mean temperature 




Figure 7. After the Mt. Agung eruption, the 
stratospheric temperatures, measured at two 
altitudes, were found to increase due to the 
aerosols'absorption of solar and infrared ra¬ 
diation, The surface temperature in the tropics 
decreased because the aerosols reflected some 
sunlight back to space and absorbed some 
sunlight that would normally have reached the 
ground, The time evolution of the temperature 
o 


partly reflects the changing aerosol optical 
depths and partly the response time of the 
troposphere and the ocean, The calculation, 
which was based on observed aerosol optical 
depths, is a one-dimensional radiative model 
andnotjust an empirical fit. it is encouraging 
to find that a simple climate model correctly 
calculates the observed temperature change. 
(FromHansen etal. 1978.) 
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The only violent explosive volcanic 
eruption since 1912 was the eruption 
of Mt. Agung, in Indonesia, in 1963 
(see Fig. 6), and thus most of our ef¬ 
forts to relate stratospheric aerosols 
and climate are based on very old 
data. The data from the Mt. Agung 
eruption indicate that the dust from 
that volcano was mainly restricted to 


results of the calculation correspond 
quite well with the observed cooling 
at the surface (caused by the volcanic 
aerosols scattering sunlight back to 
space) and the observed warming in 
the stratosphere (caused by the 


radiation). This correspondence gives 


changes were due to the changing 
level of volcanic activity (Robock 
1978). Figure 8 presente the results of 
radiative-balance calculations of the 
Earth’s global mean surface temper¬ 
ature in the Northern Hemisphere 
over the last century. Part of the 
change of temperature is due to the 
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increasing levels of CO 2 in the atmo¬ 
sphere, and part is due to the decline 
in volcanic optical depth after 1912 
(Pollack etal. 1976a, b). The calcu¬ 
lations suggest that volcanic activity 
from 1880 to 1910 was more signifi¬ 
cant than CO 2 in causing the tem¬ 
perature difference between 1880 and 
1940. Increasing carbon dioxide lev¬ 
els, which have had only a slight effect 
on the climate so far, will be much 
more significant in the future (Wil¬ 
liams 1978). 

Our knowledge of volcanic activity 


phase of the last ice age, 20,000 years 
ago (Gow and Williamson 1971). 
However, we have no evidence of a 
significant burst of volcanic activity 
100,000 years ago at the initiation of 
the last ice age, and the periodicity of 
ice ages strongly suggests that they 
are caused, at least in part, by varia¬ 
tions in the Earth’s orbit about the 
sun (Hays etal. 1976). 

Perhaps the most famous theory 
connecting tropospheric aerosols and 
climate is R. Bryson’s “human vol¬ 
cano” hypothesis (1972) that the 



Figure 8. Radiative-balance calculations de¬ 
termine 'the temperature changes (recorded 
between 0° and 80° N) over the last century 
that may have been caused by the observed 
increase in CO 2 , the observed decrease in dust 
from volcanic activity, and the combined 
changes from CO 2 plus volcanic dust. Com¬ 
parison of the calculated and observed tem- 


and climate before 1880 becomes in¬ 
creasingly poor the further back we 
go. The large volcanic optical depths 
between 1500 and 1900 suggested by 
Lamb (1970) may have played a 
causative role in the cool tempera¬ 
tures of that period, which has been 
called the “little ice age” (Pollack et 
al. 1976b). However, it is also possible 
that the climate was influenced by 
solar-luminosity fluctuations during 
those centuries (Eddy 1977; Pollack 
et al. 1979) or by surface albedo 
changes caused by deforestation and 
desertification (Sagan et al. 1980). 
Several scientists have suggested that 
volcanic eruptions are correlated with 
ice ages (Bray 1977), and it is true 
that there was a significant amount of 
volcanic activity during the coldest 


peratures suggests that the decline in volcanic 
activity made a major contribution to the ob¬ 
served climate warming in the Northern 
Hemisphere between 1880 and 1940. Estimates 
show that CO 2 warming may become signifi¬ 
cant during the next several decades. (Pollack 
etal. 1976b.) 


0.3°G cooling which has been ob¬ 
served between 1940 and 1970 (see 
Fig. 8) is due to aerosols injected into 
the atmosphere by humans. Figure 3 
suggests that if about 25% of the 
present aerosol optical depth were 
due to anthropogenic aerosols with a 
high value of &o, they could be the 
cause of the observed cooling. But we 
do not even know if the globally av¬ 
eraged optical depth has changed by 
such a small amount as 25%, although 
the optical depths in many regions are 
known to have changed significantly 
since about 1940 (Yamamoto et al. 
1971; Husar et al. 1979; Machta 1972; 
Trijonis 1979). The human contri¬ 
bution to tropospheric sulfates at 
present is probably great enough to 
have increased the optical depth by 


25%, though the timing of the change j 
is not known. Additional contribu- j 
tions to the optical depth could have } 
been made by agricultural activi- j. 
ties—one of Bryson’s favorite ideas, j 
Other possible causes of the temper- j 
ature change since 1940 include sur- | 
face albedo changes from alterations j 
in human land use (Sagan et al. 1980} [. 
and natural, random climate fluctu- ^ 
ations (Robock 1978). j 

The possible effects of tropospheric | 
aerosols are more easily observed on | 
a regional scale. Bryson (1972) has |, 
suggested that the dusty Rajputana J : 
Desert of India, site of the ancient f 
Indus Valley civilization, is an ex- | 
ample of an anthropogenic aerosol | 
desert. He believes that overgrazing | 
of arid lands by the domesticated i 
animals of the Rajputana inhabitants | 
allows the wind to blow large quan-1 
tities of dust into the atmosphere; the | 
dust increases the infrared radiation I 
from the lower atmosphere, causing 1; 
the air to cool and subside, which I: 
suppresses rainfall (rain normally | 
falls only in ascending air parcels). I 
Harshvardhan and Cess (1978) have I 
reexamined this problem with a bet-1 
ter radiative transfer scheme, and | 
they find that the dust contributes ) 
negligibly to the infrared cooling of i 
the air. As yet no one has considered i 
the impact of the dust on the solar \ 
radiation, and whether the dust in the : 
atmosphere over the Rajputana j 
Desert is partly responsible for i ; i 
creating the desert remains to be de¬ 
termined by further study. iV 

Another good candidate for empirical | 
testing of the effects of aerosols on | 
climate is Sahara dust over the At- | 
lantic Ocean. The radiative properties [: 
of this dust have been characterized L 
by Carlson and Caverly (1977), who t. 
suggested that the dust should lead to iy 
cooling at the surface and increased ' 
solar heating in the atmosphere above r 
the ocean. The significance of these r 
effects to the weather ever the ocean | 
has not yet been investigated. 

Husar and co-workers (1979) have | 
attempted to correlate for each season 1 
of the year observed increases in'J 
aerosol levels over the eastern United ft 
States with regional climate changes f 
observed since 1948. Of the seasons 1; 
and regions considered, they found I / 
that the aerosol levels increased most I 
dramatically in the Smoky Mountain J 
region during summertime, Simul-1 


taneously the same region also expe¬ 
rienced the largest changes of any 
region in several climatological vari¬ 
ables, including higher humidity and 
lower temperature, with noontime 
temperature decreasing by about 
1°C. 

One might imagine, because of the 
obvious importance of aerosols to 
visibility in urban areas, that the 
radiative effects of aerosols on the 
urban climate would be well known. 

’ But in addition to the large quantities 
of aerosols, cities also have large 
concentrations of gaseous absorbers, 
they release large quantities of heat 
into the environment, and their sur¬ 
face properties, such as ground-heat 
capacity and reflectivity, differ sub¬ 
stantially from those of surrounding 
rural areas. Theoretical studies 
(Ackerman 1977) have shown that the 
radiative impact of aerosols on the 
urban climate is less important than 
the release of heat or the urban 
modification of surface properties. 
Although aerosols do greatly modify 
the surface radiation energy budget, 
these modifications seem to be partly 
offset by changes in other heat 
transfer processes, such as latent and 
sensible heat transfer by atmospheric 
motions. 


needs to he done to determine more 
precisely the aerosol size distribution 
and the magnitude and types of cli¬ 
matic changes that occur after large 
eruptions. The climate shifts caused 
by large explosive volcanic eruptions 
can potentially be used to test climate 
models. 


Although the empirical and theoret¬ 
ical evidence for a relationship be¬ 
tween increased levels of tropospheric 
aerosols and climate change is tenta¬ 
tive, it suggests that aerosols have 
affected the climate in many parts of 
the Earth. Several regions have high 
tropospheric aerosol levels, and fur¬ 
ther studies in these regions are 
needed. Adding nearly transparent 
materials to the lower atmosphere, 
such as sulfates and most soil parti¬ 
cles, tends to cool the Earth’s surface. 
Adding opaque materials to the at¬ 
mosphere, such as soot, tends to warm 
the atmosphere. Since human activity 
is adding soot, sulfates, and soil to the 
lower atmosphere in different regions, 
some areas are probably being 
warmed and some are being cooled. 
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Glenn t. Seaborg The New Elements 


Much progress has been made in the discovery and 
understanding of new elements in the last forty 
years, but there are still opportunities to increase 
this understanding in the future 


This year marks the fortieth anni¬ 
versary of the synthesis and identifi¬ 
cation—i.e, the "discovery”—of the 
first transuranium elements, neptu¬ 
nium and plutonium. The intervening 
years have seen the addition of 12 
more transuranium elements with the 
result that this group now consists of 
14 known elements, extending from 
neptunium (atomic number 93) 
through the unnamed element with 
atomic number 106. 

Thus the addition of the transurani¬ 
um^ elements to mankind’s natural 
heritage of elements has led to an 
expansion of about 15 percent in the 
fundamental building blocks of na¬ 
ture. Investigation of these man¬ 
made elements beyond uranium has 
led to a tremendous expansion of our 
knowledge of atomic and nuclear 
structure. Each of these elements has 
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a number of known isotopes, all ra¬ 
dioactive, thereby leading to an 
overall total of about 200. Synthetic 
in origin, they are produced in a va¬ 
riety of transmutation reactions by 
neutrons or charged particles, in¬ 
cluding heavy ions. (Neptunium and 
plutonium are, in addition, present in 
nature in very small concentra¬ 
tions.) 

Many of the transuranium elements 
are produced and isolated in large 
quantities through the use of neu¬ 
trons furnished by nuclear fission 
reactions: plutonium (atomic number 
94) in ton quantities; neptunium 
(number 93), americium (number 95), 
and curium (number 96) in kilogram 
quantities; berkelium (number 97) in 
100 milligram quantities; californium 
(number 98) in gram quantities; and 
einsteinium (number 99) in milligram 
quantities. Of particular interest is 
the unusual chemistry and impact on 
the periodic table of these heaviest 
elements. Their practical impact, 
particularly that of plutonium, has 
been extraordinary. 

A summary of the transuranium ele¬ 
ments might profitably include an 
account of their historical back¬ 
ground, including a brief summary of 
the discovery of the stable elements, 
the role of the periodic table, and the 
role of the nuclear science that made 
their synthesis possible, Although the 
alchemists of earlier centuries 
dreamed of ways to transmute one 
element into another by means of 
chemical reactions and made claims 
of success in effecting such transmu¬ 
tations, actual success was not 
achieved until well into the twentieth 
century, and then not by the use of 
chemical reactions. This success de¬ 
pended on the methods of nuclear 
physics, which utilized much larger 


energies than those employed in the 
unsuccessful chemical experiments of 
the alchemists. 

The history of the discovery of the 
chemical elements is a fascinating 
story that began during prehistoric 
times, is continuing today, and 
promises future developments as well. 
A number of the elements were 
known during biblical times, although 
of course the present concept of the 
chemical elements was not recog¬ 
nized. The metals gold, silver, copper 
lead, iron, tin, mercury, and possibly 
zinc, as well as the nonmetals sulfur 
and carbon, were all well known and 
described some 2,000 years ago. In 
fact, it is a matter of record that a 
number of these were known as early 
as 5,000 years ago, and some perhaps 
even earlier. Nothing is known about 
the discoverers, as reference to these 
substances appears only generally in 
the early writings of mankind. 

The next elements to appear within 
the scope of man’s knowledge are 
mentioned by the alchemists—those 
mystical searchers for methods to 
transform common material into 
gold—who in their wandering study 
of substances were the forerunners of 
the modern chemists. These investi¬ 
gators succeeded in identifying arse¬ 
nic, antimony, and bismuth between 
the twelfth and sixteenth centuries, 
but again it is not possible to identify 
with certainty the names of the 
discoverers. Glimmerings of recog¬ 
nition of a few other substances, now 
recognized as elements, also were ev¬ 
ident during or prior to this period; 
early mention of “white gold,” now 
identified as platinum, is an ex¬ 
ample. 

The first man to be credited with the 
discovery of a chemical element is a 
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German alchemist named Hennig 
Brandt, who in 1669 identified what 
is now understood to be phosphorus. 
This marks the beginning of the pe¬ 
riod when detailed records were made 
of the circumstances surrounding the 
discovery of elements. 

During the eighteenth century fifteen 
additional elements were discovered, 
and scientists began to develop a 
modern concept of the chemical ele¬ 
ment, although their understanding 
was somewhat vague. The Greek 
philosopher Democritus had specu¬ 
lated that an “atom” was the smallest 
unit of an elemental entity, but the 
thinking of other Greek philosophers 
dominated over the years, particu¬ 
larly their classification of all matter 
in terms of air, fire, earth, and water. 
In 1789 the French chemist An- 
toine-Laurent Lavoisier published his 
famous Traite elementaire de chimie, 
which included what is considered to 
be the first true table of chemical el¬ 
ements. 

In the following decades the work of 
the British scientist John Dalton, the 
Swedish chemist Jons Jacob Berzel¬ 
ius, and many others led to an un¬ 
derstanding of the atomic nature of 
matter and to the determination of a 
number of elemental atomic weights, 
information that became crucial to 
the subsequent conception of the 
periodic table. Last year chemists 
throughout the world celebrated the 
two-hundredth anniversary of the 
birth of Berzelius, whose monumental 
contributions included the intro¬ 
duction of the concept of the present 
universally used symbols for the 
chemical elements. The discovery of 
most of the remaining elements, 
about fifty in all, took place during 
the nineteenth century. 

The periodic table 

As information on the chemical 
properties of the elements became 
available, it seemed natural to seek 
correlations of chemical properties 
with their atomic weights, because 
this was the most obvious variable for 
distinguishing chemical elements. 
The name that is preeminent as the 
originator of the periodic table is 
Dmitry Ivanovich Mendeleyev, a 
Russian chemist. On March 6,1869, 
Mendeleyev, through his associate 
Nikolay Menshutkin, presented a 
paper to the Russian Chemical Soci¬ 
ety in St. Petersburg (now Leningrad) 
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which showed that the elements dis¬ 
play a periodicity of chemical prop¬ 
erties when they are arranged in the 
order of their atomic weights in a 
rectangular matrix array. Although 
Lothar Meyer of Germany, on the 
basis of independent work, published 
a similar system in 1870, Mendeleyev 
went further in deducing errors in 
measured atomic weights and espe¬ 
cially in predicting the chemical 
properties of undiscovered chemical 
elements on the basis of his correla¬ 
tion. 

By the end of the first third of the 
twentieth century the total number of 
elements had increased to 88, in¬ 
cluding a family of so-called noble 
gases which was fitted into the 
scheme by the addition of another 
family group (vertical column), and a 
series of elements—the rare earths, or 
lanthanides—located in the place of 
a single element (lanthanum). By this 
time the work of Sir Joseph Thomson, 
Ernest Rutherford, Niels Bohr, H, G. 
J, Moseley, Werner Heisenberg, 
Erwin Schrodinger, and others on the 
structure of the atom and its nucleus 
provided the final argument to sup¬ 
port the framework of the periodic 
table. They developed the concepts of 
atomic number and electronic struc¬ 
ture to such a degree that these, 
rather than atomic weight, could be 
correlated with each chemical ele¬ 
ment’s position in the table. 

Thus with 88 known elements only 
four were missing in the sequence 
from the lightest, hydrogen (Z = 1), to 
the heaviest, uranium (Z = 92). Those 
four had the atomic numbers 43,61, 
85, and 87, and even those properly 
empty places in the periodic table 
were filled under names such as 
masurium, illinium, alabamine, vir- 
ginium. These “discoveries,” however, 
were erroneous, Understood to be 
missing from nature because of their 
disappearance by radioactive decay, 
they were synthesized by transmu¬ 
tation (conversion of one element or 
nuclide into another) and identified 
within another decade, thus filling in 
all the gaps in the periodic table. 

Many attempts were made to dis¬ 
cover naturally occurring elements 
heavier than uranium, all of which 
were unsuccessful. Although uranium 
gradually disappears because of ra¬ 
dioactive decay, its rate of decay is so 
slow that much of the earth’s original 
inheritance of this element remains. 


However, the increasing charge on the j 
nucleus for the element beyond ura-1: 
nium leads to increasing rates of ra-! 
dioactive decay. Therefore, the orig-1 
inal inheritance of such “transurani- j 
um elements” has long since disap¬ 
peared (except for extremely small, 
essentially negligible, amounts of two 
of them). 

Figure 1 shows the periodic table as if J 
was known in the 1930s. Incorporate f 
ing all the additional elements known f 
at that time, this periodic table differs : 
from the original table of Mendeleyev 
in five important respects: (1) the 
rectangular matrix is formed by the 
use of atomic numbers rather than 
atomic weights; (2) it is an “extended 
form,” showing more family groups 
(or vertical columns);. (3) it incorpo¬ 
rates the noble gases as a family group f 
(vertical column) at the right-hand; 
edge; (4) it incorporates the series of I : . 
rare earth (or lanthanide) elements in 1 
a horizontal row at the bottom; and \ 
(5) it includes the predicted positions 
of the undiscovered transuranium 4 
elements. I 

On the basis of the original placement L 
of the transuranium elements in Ir 
the main body of the table, sci-S 
entists predicted the chemical prop¬ 
erties of these elements, much as 
Mendeleyev did when he predicted 
the chemical properties of scandium, \ 
gallium, and germanium years before • 
their discovery. Because the first ; 
transuranium element, with the 
atomic number 93 (element 93), falls |; 
in the family group (vertical column!: 
under rhenium (Re), it was expected '; 
to have chemical properties similar or l- . 
homologous to those of rhenium. 
Similarly, element 94 was expected to' 
be a homologue of osmium (Os); ele-1 
ment 95, a homologue of iridium (Irj; | 
element 96, a homologue of platinum / 
(Pt); and so forth. Further investiga- L 
tion made it apparent, however, that J 
this placement of the transuranium ; : 
elements by a simple extension of the p 
periodic table was wrong. I 

From induced | 

radioactivity to fission \ 

In 1934, Frederic and Ir&ne Joliotf 
Curie of France made the excitin? : 
observation that an ordinary stabif r 
element could be made radioactive hj 
irradiating it with alpha particles of y.; 
natural origin. This discovery of ar ( 
tificial radioactivity immediately: . 
stimulated research toward preparing : 
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Figure 1, The periodic table of the 1930s; 
atomic numbers of then undiscovered elements 
are in tinted squares. 


radioactive forms of many elements, 
Two other extremely important de¬ 
velopments were taking place at 
about the same time, One was the 
development, by E. 0. Lawrence at 
the University of California, of the 
cyclotron, which was soon able to ac¬ 
celerate charged particles to energies 
far beyond those of naturally occur¬ 
ring alpha particles, This device made 
it possible to bombard and transmute 
the heavier elements for the first 
time, for alpha particles from natural 
sources can penetrate the nuclei of 
only the lightest elements. 

The second development was the 
discovery, by James. Chadwick of 
England, of the neutron, an un¬ 
charged particle capable of entering 
any nucleus easily. Neutrons will lit¬ 
erally fall into any nuclei at which 
they are directed. Since neutrons 
could be prepared by directing radi¬ 
um alpha particles at a light element 
such as beryllium, it became possible 
for anyone who could acquire 100 
mg or so of radium to produce and 
study the transmutation of elements. 
Most prominent in such studies was 
a group working with Enrico Fermi of 
Italy. They soon claimed a means of 
preparing transuranium elements by 
making use of the great avidity of 
nuclei for neutrons. 

It was then learned that if the heav- 


tured a neutron, the nucleus became 
unstable and decayed to the next 
higher element by beta-particle 
emission, Suppose this process was 
applied to uranium, the heaviest ele¬ 
ment. The isotope 238 U should cap¬ 
ture a neutron and become a heavier 
isotope, Z39 U, which would be beta 
unstable and decay to element 93, a 
brand-new element outside the peri¬ 
odic table! When this experiment was 
tried, the experimenters had a shock: 
instead of observing just one or two 
radioactivities from the product, they 
found a bewildering array of ra¬ 
dioactivities. For some time it was 
thought that they must represent a 
number of new transuranium ele¬ 
ments, 

The chemical investigation of these 
radioactivities, however, led to the 
discovery of the fission process rather 
than to the transuranium elements. 
In their original work, started in 1934, 

E. Fermi, E. Amaldi, O, D’Agostino, 

F, Rasetti, and E, Segrfc bombarded 
uranium with neutrons and obtained 
a series of beta particle-emitting ra¬ 
dioactivities. From chemical experi¬ 
ments that were based on the concept 
that element 93 should behave 
chemically like rhenium (i.e. be eka- 
rhenium, Eka-Re), element 94, like 
osmium (Eka-Os), andso forth, these 
investigators and others were led to 


assign these radioactivities to trans¬ 
uranium elements (see Fig. 1), 

Fermi (]) first made the suggestion 
that a 13-minute activity might be 
due to element 93. The later experi¬ 
ments of 0. Hahn, L. Meitner, F, 
Strassmann, and others appeared at 
first to confirm this point of view, and 
for several years the “transuranium 
elements” were the subject of much 
experimental work and discussion. In 
a typical paper of 1936, of a series 
published during the period 1936-38, 
Hahn and co-workers (2) reported a 
16-minute ^Eka-Re 237 , 2,2-minute 
egEka-Re 230 , 12-hour 94 Eka-Os 237 , 
69-minute 94 Eka-Os 239 , 3-day 
gsEka-Ir 239 , and 3-hour 96 Eka-Pt 
However, as early as 19341, Noddack 
(3) foresaw the possibility of a nuclear 
fission reaction. 

In 1938 I. Curie and P. Savic (4) 
found a product of 3.5 hours’ half-life 
that had the chemical properties of a 
rare earth but could be due to the el¬ 
ement actinium (atomic number 89). 
When they read this paper Hahn and 
Strassmann were led to investigate 
isotopes they thought might be due to 
actinium and radium (number 88) 
produced in the neutron bombard¬ 
ment of uranium, When they tried to 
confirm the identity of the so-called 
“radium” isotopes they found that 
they were actually barium isotopes 












heaviest elements as a uranide series; atomic f Figure 3. The periodic table, as it was published 

numbers of then undiscovered elements are in in 1945 by the author, shows the heaviest ele¬ 
cted squares. r ments as members of an actinide series. 


produced in a new kind of nuclear 
reaction, the “fission” reaction, 

Early in 1939 Hahn andStrassmann, 
after Meitner had been forced to 
leave Germany, described experi¬ 
ments that confirmed that they had 


as a result of the bombardment of 
uranium with neutrons (5). Subse¬ 
quent work showed that the radioac¬ 
tivities previously ascribed to trans¬ 
uranium elements are all actually due 
to uranium fission products, and 
hundreds of radioactive fission 
products of uranium have since been 
identified, / 

Neptunium, plutonium, 
and the actinides 

During an investigation of the fission 
process, E, M. McMillan (6) discov¬ 
ered a radioactive isotope of 2.3-day 
half-life. Working at the University of 
California at Berkeley in the spring of 
1939, he was trying to measure the 
energies of the two main recoiling 
fragments from the neutron-induced 
fission of uranium. He used the 60- 
inch cyclotron as a source of neutrons 
from the reaction of 16 MeV deuter- 
ons with beryllium. He placed a thin 


layer of uranium oxide on one piece of 
paper, and alongside of this he 
stacked very thin sheets to stop and 
collect the fission fragments from 
uranium. The paper he used was or¬ 
dinary cigarette paper, the kind used 
by people who rolled their own ciga¬ 
rettes, In the course of these studies, 
he found that the ~2-day activity did 
not recoil sufficiently to escape. This 
activity was further investigated by 
Segre (7), who found that it was due 
to an element with chemical proper¬ 
ties similar to those of the lanthanide 
elements. These background papers 
set the stage for the discovery of the 
first transuranium element. 

With poetic justice the actual dis¬ 
covery of the first transuranium ele¬ 
ment in turn resulted from experi¬ 
ments aimed at understanding the 
fission process, Several experiment¬ 
ers, including McMillan, measured 
the energies of the two main fission 


they traveled from each other as a 
result of their mutual repulsion when 
the nucleus exploded. It was in these 
experiments that McMillan noted 
that there was a radioactive product 
of the reaction with a half-life of 2.3 
days that did not recoil, at least suf¬ 


ficiently to escape from the thin layer 
of fissioning uranium. He suspected 
that this product was formed by 
neutron capture, which does not re¬ 
lease much energy, rather than by 
fission. McMillan and P. H. Abelson 
(8) in 1940 deduced by chemical 
means that this product was an iso¬ 
tope of element 93, by beta-particle 
decay from 239 U, which had a half-life 
of 23 minutes. Element 93 was given 
the name neptunium (Np) because it 
is beyond uranium, just as the planet f 
Neptune is beyond Uranus. 

About this time, the possibility of a 
nuclear chain reaction and the pro¬ 
duction of transuranium elements for 
military use began to be recognized. 
With World War II already in prog¬ 
ress, further work on the transurani- 


conducted by physicists and chemists 
under self-imposed secrecy, at first 
informally and finally as an organized » 
program. The elements plutonium, 
americium, and curium were synthe¬ 
sized and identified (i.e. discovered! 
in the work on the wartime atom 
bomb project in the United States, 
before and during the organized 
Plutonium Project of the Manhattan 
Engineer District. 


Plutonium (atomic number 94) was 
discovered late in 1940 and early in 
1941 by the author, McMillan, J. W. 
Kennedy, and A. C. Wahl, as a result 
of their bombarding uranium with 
deuterons in the Berkeley 60-inch 
cyclotron (9, 10). This particular 
isotope wa9 later shown to be 238 94. 
Early in 1941, the isotope of major 
interest, 239 94, was discovered by 
Kennedy, E. Segrfc, Wahl, and the 
author {11) in uranium bombarded 
with neutrons produced in the 
Berkeley cyclotron; it was shown to be 
fissionable with slow neutrons. Pub- 


was delayed until after the end of 
World War II. The name plutonium 
(symbol Pu), after the planet Pluto, 


cret report written on March 21,1942, 
but published after the war {12). 


neptunium and plutonium showed 


thanum in a row below the main body 
of the periodic table. In the rare earth 
elements the electrons successively 
enter an inner electron subshell that 
has room for exactly 14 electrons of a 
special type (the 4f subshell). These 
14 elements, with atomic numbers 
58-71, all have chemical properties 
similar to those of lanthanum, and all 
should fit in the periodic table in the 
same single space as lanthanum 
(atomic number 67). They are given 
the alternate group name “lanthan¬ 
ide” elements. 

In view of the similarity of the chem¬ 
ical properties of uranium and 
neptunium, chemists compared them 
with the lanthanide elements and 
conjectured that the expected next 
inner electron subshell (5f electrons) 
might start to fill at neptunium. This 
subshell would continue to be filled 
until there was a 14-member family 
group of “uranide” elements with 


. , -- piuuci ues sumiar to inosp 

uranium, and not at all like those of of uranium; this uranide series was 
rhenium and osmium (as suggested thought to be positioned as shown in 
by the periodic table shown in Fig, 1). Figure 2. 

This was immediately reminiscent of 

the horizontal relationship of the 14 This concept implied that the chem- 

e Tf t8 ’ ical Properties of the next transura- 
placed by themselves along with lan- nium elements, those with the atomic 


numbers 95 and 96, should be nearly 
identical with those of neptunium 
and plutonium. These assumptions 
proved wrong, and the initial experi¬ 
ments directed toward the nuclear 
synthesis and identification of ele¬ 
ments 95 and 96 based on this hy¬ 
pothesis failed. 

Then, in 1944, the author (13) con¬ 
ceived the idea that perhaps all the 


urn (atomic number 89) had been 
misplaced in the periodic table. The 
elements heavier than actinium 
might constitute a second series 
completely analogous to the “lan¬ 
thanide” elements. The periodic table 
embodying these concepts, published 
in 1945 {13), is shown in Figure 3, The 
series would be called by analogy the 
“actinide” series, and would include 
the 14 elements following actinium, 
thus ending at element 103. The ele¬ 
ments thorium (Th), protactinium 
(Pa), and uranium (U)—with atomic 
numbers 90, 91, and 92~would be 
removed from the positions they oc¬ 
cupied in the periodic table before 
World War II and placed in this sec¬ 
ond “rare earth” family. The actinide 
series would be placed as a row of el¬ 
ements below the main body of the 









































































table in a position analogous to that 
of the lanthanide series, Then ele¬ 
ments 104,105, and 106—when dis¬ 
covered—would take over the posi¬ 
tions previously held by thorium, 
protactinium, and uranium. 

This concept had great predictive 
value, and its use to devise chemical 
identification procedures for many of 
the transuranium elements, following 
their synthesis by transmutation re¬ 
actions, was the key to their discov¬ 
ery. Its success led to its general ac¬ 
ceptance by the scientific community 
and resulted in the form of the peri¬ 
odic table shown in Figure 4. This 
includes all the currently known 
transuranium elements (represented 
by their symbols and atomic num¬ 
bers) with the actinide series ending 
at element 103 (lawrencium, Lr). 

Transplutonium 

elements 

The actinide concept meant that el¬ 
ements 95 and 96 should have some 
properties in common with actinium 
and some in common with their rare 
earth “sisters,” europium and gadol¬ 
inium, especially with respect to the 
difficulty of oxidation above the III 


state. When experiments were de¬ 
signed according to this new concept, 
elements 95 ( 14 ) and 96 ( 15 ) were 
soon discovered (i.e. synthesized and 
identified) at the wartime Metallur¬ 
gical Laboratory of the University of 
Chicago, 

Quite by chance, the discovery of el¬ 
ements 95 and 96 was revealed infor¬ 
mally on a nationally broadcast radio 
program, The Quiz Kids, on which 
the author appeared as a guest on 
November 11,1945. The discovery 
information had already been “de¬ 
classified” (removed from the “se¬ 
cret” category) for presentation at an 
American Chemical Society regional 
meeting to be held at Northwestern 
University the following Friday. 
Participating on the program were 
Quiz Kids Sheila and Patrick Conlan, 
Robert Burke, Harvey Fishman, and 
Richard Williams (Fig, 5). When 
Richard asked me if any new ele¬ 
ments had been discovered in the 
course of research on transuranium 
elements during the war, I revealed 
the discovery of elements 95 and 96, 
The names americium (Am) for ele¬ 
ment 95 and curium (Cm) for element 
96 were not suggested until March 
1946(16). 


Not only did this new understanding | 
lead to the elements americium and | 
curium, but to the synthesis and I 
identification of berkelium ( 17 ,1811 
and californium ( 19 ) (numbers 97 and I 
98) in 1949 and 1950, einsteinium and I 
fermium ( 20 ) (numbers 99 and HJOI l 
in 1952 and 1953 (although not puli- \ 
lished until 1955), mendelevium (2/j [ 
(number 101) in 1955, and nobelinin 
( 22 ) (number 102) in 1958. It also | 
signaled the end of the actinide serin & 
at lawrencium (number 103) when ! 
this element was discovered ( 23 ) in < 
1961. 

Transactinides and 
superheavy elements j 

Since the actinide series terminates a! I 
element 103, all the elements beyond | 
element 103 are referred to as “trail-1 
sactinide” elements. As a comparisoiil 
of Figures 1 and 4 reveals, element;\ 
104,105, and 106 have taken over the jJ 
positions previously held by thorium, I 
protactinium, and uranium. It is in- 
teresting to note (Fig. 4) that tin- 
discovered element 107 is predicted | 
to have chemical properties like those j 
of rhenium (Re). Thus, in a sense, h 
chemists are in the same positions! |- 
they were in the 1930s when it was t 
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Figure 5. Quiz Kids Sheila Conlan and Robert 
Burke with the author when he informally 
announced discovery of elements 95 and 96 on 
a radio show in 1.945. 


predicted by using the periodic table 
of that day (Fig. 1) that the first 
transuranium element, with atomic 
number 93, would be similar to rhe¬ 
nium. During the intervening years 
scientists synthesized and identified 
14 transuranium elements, account¬ 
ing for the filling of 14 places in an 
inner shell in order to get on to the 
real homologue of rhenium. 

The first three of the transactinide 
elements—rutherfordium (number 
104), hahnium (number 105), and el¬ 
ement 106 (as yet not named)—have 
been synthesized and identified by 
Ghiorso and co-workers, at Berkeley, 
using bombardments of isotopes of 
actinide elements with heavy ions (C, 
N, and 0 ions). Rutherfordium was 
thus discovered in 1969 ( 24 ), hahn¬ 
ium in 1970 ( 25 ), and element 106 in 
1974 ( 26 ). G. N. Flerovand co-work¬ 
ers at the Joint Institute for Nuclear 
Research (Dubna, Soviet Union) have 
made competing claims for the dis¬ 
covery ( 27 ) of elements 104,105, and 
106, but it now is clear that these 
claims cannot be substantiated. Their 
experimental methods apparently are 
not capable of establishing the atomic 
number of a new element ( 28 ). 

Study of the chemical properties of 
rutherfordium (number 104) has 
confirmed that it is indeed homolo¬ 
gous to hafnium, as demanded by its 
position in the periodic table ( 29 ). 
Studies of the chemical properties of 
the heavier elements will be very 
difficult: the longest-lived isotope of 
rutherfordium ( 2,5l Rf) has a half-life 
of only about one minute, that of 
hahnium ( 2fi2 Ha) a half-life of about 
40 seconds, and that of element 106 
( 2,i:! 106) a half-life of about one 
second. 



will become shorter and shorter as the 
atomic number is increased, and this 
is true even for the isotopes with the 
longest half-life for each element. 
Thus, if this rate of decrease could be 
extrapolated to ever-increasing 
atomic numbers, we would expect 
half-lives of the order of 10 H,) second 
for the longest-lived isotope of ele¬ 
ment 110, and 10" 20 second for ele¬ 
ment 115, and so forth, with decay by 
spontaneous fission becoming of 
dominating importance beginning 
with element 106. To make the sit¬ 
uation even worse, predictions indi¬ 
cate that the yields from the nuclear 


Half-life in years 
f§ stable 

il0 S <T (/j 
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production reactions will fall off 
drastically with atomic number as we 
proceed beyond element 106 , The 
observed yields for the prod uction of 
element 106 are down to the level of 
one atom per hour. 

These short half-lives and small 
yields would present somewhat dis¬ 
mal future prospects for heavier 
transuranium elements, but other 
factors have entered the picture in 
recent years, These have led to an 
increased optimism concerning the 
prospects for the synthesis and iden¬ 
tification, or even the discovery in 



On the basis of the simplest projec¬ 
tions, it is expected that the half-lives 
of the elements beyond element 106 


Nuclear reaction landing! 
0480a + a4«cm 
04B Ca + aso Cm 


Figure 6. A “peninsula" of known elements and 
a predicted "island" of stability are the features 
.of the “optimistic” view of the possibilities of 
“discovering," in the laboratory or in nature, 
the superheavy elements. 
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nature, of elements well beyond the Figure 6; here the stability of nuclei !: 
observed upper limit of the periodic {based on known and predicted [34] } 
table—elements that have come to be total decay half-lives) are shown as a J 
referred to as “superheavy” elements peninsula of known elements and an j 
(for excellent reviews on the sup- island of predicted relative stability i 
erheavy elements see refs. 30, 31, (nuclei near Z = 114 and N = 184) in j 
32). a sea of instability. The positions of j 

the initial composite species found in | 
In the period from 1966 to 1972, a the 48 Ca + 248 Cm and 48 Ca 4- 250 Cm k 
number-of calculations (33) based on reactions are also shown, to empha- j 
modern theories of nuclear structure size the large numbers of neutrons jf 
showed that in the region of proton that must be added to reach the j; 
number Z = 114 and neutron number island of stability. j 

More recent calculations (35) suggest f 


the periodic table to make extrapo- four 7p 3 / 2 and two 7p 1( / 2 electrons, 
lations. with a separation of energies such 

that the filled 7p 1 / 2 orbital will act as 
The calculations show that elements a closed shell and additional 7p. )/2 
104 through 112 are formed by filling electrons will act as electrons outside 
the 6d electron subshell, which makes a closed shell. Thus element 115 
them, as expected, homologous in (eka-bismuth) is predicted to have its 
chemical properties with the elements valence electrons in the configuration 
hafnium (number 72) through mer- 7pi/ 2 2 7p 3 /2, with a consequent stable 
cury (number 80). Elements 113 I oxidation state in contrast to the 
through 118 result from the filling of stable III oxidation state of its ho- 
the 7p subshell and are expected to be mologue bismuth. Another predicted 
similar to the elements thallium result of relativistic effects is that el- 
(number 81) through radon (number 
89). Thus these calculations are con- 



that the shell effect at Z = 114 is not r 
very large. Although these calcula- ! 
tions confirm the existence of a closed fc; 
shell at N = 184, they suggest much (• 
less stability for the region with N < 
184. Thus, in this more pessimistic }■ 
point of view, the island of stability L 
would have a sharp drop-off for N < ■ 
184—a structure like Half Dome in 
Yosemite, steeply falling into the sea l ; 
of instability, as shown in Figure 7. 

Figure 8 shows the more gentle slopes ! 
of Mt. Diablo, in the San Francisco f 
Bay area, representing the more op- | 
timistic view that the island of sta- jh 
bility extends into the region of N< \ 
184. If the Half Dome analogy is cor- \ 
rect, it would be considerably more j 
difficult to synthesize and detect the 
superheavy elements because it is | 
very difficult to provide as many as < 
184 neutrons; also, from this point of j \ 
view (35), the predicted half-lives are I 
so short as to preclude their observa- • 
tion in terrestrial matter or any object ! 
Figure 7. Half Dome in Yosemjte represents by N = 184 the ground states of nuclei whose age significantly exceeds 10 3 J 

its sharp drop-off the “pessimistic” view of the are stabilized against fission. This years. (A recent review article [36] 1; 

ls an 0 5 a 11 y ' stabilization is due to the complete describes the present situation with - 

filling of major proton and neutron respect to superheavy elements, tak- 

shells in this region and is analogous ing into account these more recent . 

to the stabilization of chemical ele- considerations.) 
ments, such as the noble gases, by the 

filling of their electronic shells. Some Elements of the future 
of these detailed calculations even 

suggested that the half-lives of some A great deal of effort has been ex- \ 
of these superheavy nuclei might be pended to predict the chemical j 
on the order of the age of the universe, properties of the superheavy ele-1 
and this stimulated a great effort to ments, because this information is | 
observe these “missing elements” in needed in order to devise procedures I 
nature. for their chemical identification foi-1 


The superheavy elements were pre¬ 
dicted to form an “island” of relative 
stability extending both above and 
below Z = 114 and N - 184, and sep¬ 
arated from the “peninsula” of known 
nuclei by a “sea” of instability. This 
situation, which in retrospect can now 
be thought to represent the “opti¬ 
mistic” point of view, is illustrated in 


lowing their possible production in 
bombardments of heavy target nuclei 
with heavy ions or for finding them in 
natural sources. Keller and Seaborg 
(37) have written a review article 
covering the broad predictions of 
these chemical properties based od 
extensive calculations of electron 
structures using modern high-speed 
computers and on the judicious use of 


sistent with the modern periodic 
table, shown in Figure 4. 

The calculations indicate that the 8s 
subshell should fill at elements 119 
and 120, thus making these an alkali 
and alkaline earth metal, respectively. 
Next the calculations point to the 
filling, after addition of a 7d electron 
at element 121, of the inner 5g and 6f 
subshells, 32 places in all, which I 
have termed the “superactinide” el¬ 
ements and which terminate at ele¬ 
ment 153. This is followed by the 
filling of the 7d subshell (elements 
154 through 162) and 8p subshell 
(elements 163 through 168). Figure 9 
shows a periodic table giving a 
placement of the elements through 
168 in conformance with these elec¬ 
tronic configurations. Unfortunately, 
the possibilities for the eventual 
synthesis and identification of su¬ 
perheavy elements appear to be lim¬ 
ited, at best, to those at the island of 
stability located near Z = 114 and N 



Actually, more careful calculations 
have indicated that the picture is not 
this simple. The calculations indicate 
that other electrons (8p and 7d), in 
addition to those identified in the 
above discussion, enter the picture as 
early as element 121 (or even element 
104), thus further complicating, the 
picture. These and other perturba¬ 
tions, caused by spin-orbit splitting, 
lead to predictions of chemical prop¬ 
erties that are not consistent, element 
by element, with those suggested by 
the modern and futuristic periodic 
tables. Here again we are in danger of 
making wrong predictions about the 
chemical properties of undiscovered 
elements by using the periodic table 
incorrectly. 

For example, the six 7p electrons, 
because of relativistic effects, are 
predicted to split into two subshells. 


wneni LU leKa-mercury) and ele- Figure & The gentle slopes of Mt. Diablo in the 
ment 114 (eka-lead) may be very San Francisco Bay area represent the “opti- 
nnKlA u—i ... i mistic" view of the island of .stability. 


noble—that is, liquids or volatile 
gases. These considerations raise the 
exciting possibility of studying “rel¬ 
ativity in a test tube.” They become 
especially significant beyond the su¬ 
peractinide series, a region far beyond 
the region of expected nuclear sta¬ 
bility, which is the only region where 
it might be possible to synthesize or 
find superheavy elements, 

Simple analyses indicate that, as a 
first approximation, elements in the 
island of stability can be predicted to 
have chemical properties as follows: 
element 114 should be a homologue of 
lead, that is, should be eka-lead, ele¬ 
ment 112 should be eka-mercury, el¬ 
ement 110 should be eka-platinum, 
and so on. 

Attempts to synthesize and identify 
superheavy elements, through bom- 
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Figure 9. A futuristic periodic table, with 
atomic numbers of undiscovered elements in 
tinted squares. 


bardments of a wide range of heavy 
nuclides with a wide range of heavy 
ions, have so far been unsuccessful 
(36). Also, every attempt to find evi¬ 
dence, direct or indirect, for the sup¬ 
erheavy elements in nature associated 
with the island of stability (Z =* 114, 
N = 184) has led to negative results or 
has not been conclusive enough to 
give a clear-cut answer, 

Numerous attempts (36) have been 
made to synthesize and detect the 
superheavy elements through the 
fusion of heavy ions (atomic number 
Zi) with heavy target nuclei (atomic 
number Zjj):- to produce compound 
superheavy nuclei (atomic number Zi 
+ Z 2 ). Relatively strong nuclear 
shells, with their accompanying high 
potential barriers for nuclear fission, 
are required for two reasons: to enable 
any excited superheavy nucleus 
formed in a nuclear fusion reaction to 
survive destruction by fission during 
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its deexcitation process, and to enable 
any "cold” superheavy nucleus that 
survived its deexcitation to live long 
enough to be detected through its 
alpha particle or spontaneous fission 
decay. 

To maximize the probability for the 
compound nuclei to escape destruc¬ 
tion by fission during their deexcita¬ 
tion, they should be produced with 
the lowest possible excitation energy, 
In other words, they should be syn¬ 
thesized with a bombarding energy 
for the projectile heavy ion which just 
barely exceeds the Coulomb barrier, 
Unfortunately, more energy than this 
is apparently required for the two 
participating nuclei to fuse to form a 
compound system, 

Thus we appear to be caught on the 
horns of a dilemma. If the bombard¬ 
ing energy is low, the reacting nuclei 
don’t fuse; if the bombarding energy 


is high enough to produce fusion, the | 
product nuclei don’t survive. To fur-1 
ther exacerbate the situation, pro- I 
jectile nuclei with Z greater than j 
about 25 do not seem to fuse with very l 
heavy target nuclei to form a com- j 
pound system at any bombarding r 
energy. ( 

The reaction 48 Ca + 248 Cm to form u 
the compound nucleus 298 116 has 
been studied extensively because of 
several favorable factors: the projec- j 
tile 48 Ca is light enough presumably 
to allow some fusion to take place; ite 
double shell closure (high binding 
energy) reduces the excitation energy J 
of the product; and its relative neu- : 
tron excess allows an approach 
toward the closed shell at N -184 , 
(which needs to be attained for best 
results, but unfortunately is not quite t 
reached even in this case). But even t 
these experiments have all led to f 
negative results so far. , 


A possibility for improving the sur¬ 
vival probability of superheavy nuclei 
formed in this fusion reaction is to use 
a more neutron-rich target, such as 
250 Cm, which would allow a closer 
approach to the desired N -184 (the 
compound nucleus from the reaction 
48 Ca + 250 Cm would have N = 182), 
However, the availability of 250 Cm is 
very limited, and quantities sufficient 
to undertake an experiment could 
only become available through ex¬ 
pensive recovery from the debris of an 
old or a future underground nuclear 
weapons test. Another interesting 
possibility is the reaction 254 Es+ 48 Ca 
to form the compound nucleus 302 119, 
for which N = 183. Again, unfortu¬ 
nately, the available amount of 254 Es 
is very limited. 

A new mechanism for the interaction 
of heavy ions was discovered (38) 
about seven years ago and has been 
investigated extensively (39). Termed 
deep inelastic scattering, it is inelastic 
scattering in which there is massive 
transfer of energy and nucleons be¬ 
tween the projectile and the target. It 
soon became apparent that this re¬ 
action might offer another pathway to 
the superheavy elements. 

Success of this approach apparently 
depends on the use of the heaviest 
available projectile and target. Ex¬ 
periments by M. Schadel and others 
(40) at the Gesellschaft fur Schwer- 
ionenforschung Laboratory in 
Darmstadt, West Germany, where 
uranium ions are already available as 
projectiles, have been performed with 
,the reaction 2,i8 U + 238 U. Products as 
heavy as 255 Fm, corresponding to a 
net transfer of 8 protons and 9 neu¬ 
trons, have been observed. Although 
this leaves a long way to go to reach 
the island of stability, there is some 


product nuclei, and more emphasis on 
detecting short half-lives (one second 
down to 10~ 9 second or less). Al¬ 
though much progress has been made 
in the discovery and understanding of 
new elements during the last 40 years, 
it is apparent that this field still offers 
many opportunities for discovery and 
increased understanding in future 
years. 
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The Role of Microtubules in Cell 
Structure and Cell Division 

The structural and motile roles of microtubules may 
be mediated by Microtubule-Associated Proteins 
{MAPs), high molecular weight molecules 
specifically associated with the surface of the 
microtubule 


Microtubules—long, relatively rigid, 
unbranched polymers of the subunit 
protein tubulin—are ubiquitous 
components of eukaryotic cells, inti¬ 
mately associated with many impor¬ 
tant cell-motility processes. They are, 
for example, involved in the translo¬ 
cation of cellular organelles from one 
place to another in the cell, such as 
the movement of mitochondria dur¬ 
ing nerve-cell transport and the sep¬ 
aration of chromosomes during mi¬ 
tosis. Microtubules also play a struc¬ 
tural role in the development and 
maintenance of cell form—in neurite 
outgrowth in nerve cells, for example, 
and in the changes in cell shape that 
occur during the migrations of cells 
required for normal embryogenesis. 

The manifestation of the motile and 
structural functions of microtubules 
appears to be related to the cell’s 
ability (1) to assemble them at the 
appropriate time during its life cycle 
and (2) to maintain them in the as¬ 
sembled state once they have been 
formed. For example, dissolution of 
cytoplasmic microtubules and the 
subsequent loss of an asymmetric cell 
shape are morphological character¬ 
istics of cell transformation and ab¬ 
normal tissue growth. Thus, it is im¬ 
portant to know how microtubules 
assemble and function at the molec¬ 


ular level, as this information may 
help to determine what cellular-con¬ 
trol mechanisms have ceased oper¬ 
ating in cancerous tissue. 

This article will discuss the current 
information concerning the mecha¬ 
nism of microtubule assembly and 
will relate these findings to the role of 
microtubules in the maintenance of 
an asymmetric cell shape and in the 
process of mitosis (the mechanism by 
which a cell distributes exact copies 
of its genetic information, the gene- 
containing chromosomes, to its two 
daughter cells at the time of cell di¬ 
vision). Much of our knowledge has 
been obtained from in vitro experi¬ 
ments—experiments using fractions 
of whole cells—rather than from ex¬ 
periments with intact cells them¬ 
selves. In these experiments, the mi¬ 
crotubules have been broken down 
into their component molecules and 
then the manner in which they reas¬ 
semble has been studied. Before the 
current data are discussed, however, 
it will be useful to look briefly at the 
basic molecular composition and 
structure of the microtubule, (For a 
more extensive treatment see Dustin 
1978.) 

As many modern edifices are com¬ 
posed of identical subunits in the 
form of cement blocks or bricks, so 
too is the microtubule composed of 
many identical protein molecules. 
This characteristic is not unique to 
microtubules, of course, but is an 
oft-repeated theme in nature: many 
higher-ordered cellular structures are 
composed of identical subunits, actin 
and myosin filaments and viral-coat 
protein assemblies being three other 
well-known examples. The use of 
identical subunits may be an evolu¬ 
tionary adaptation on the part of the 
cell, since, by using the same molecule 
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Figure 2. The electron microscope reveals -r 1 , 
typical microtubule morphology in this mi- | 
crograph of microtubules assembled in vitro g 
from a homogenate of baby chick brain. Note 
the “beaded” appearance of the protofilaments 
where two. microtubules cross [arrow). The 
MAPs, although present in thase microtubules, 
are not visible in this micrograph owing to the 
manner in which the specimen was prepared. 


Figure 1. The process of assembly and main 
tenance of the microtubule is a complex bal¬ 
ance of several factors, most notably the ml 
addition of tubulin dimers to the elongali«i 
end of the microtubule and the net loss of di¬ 
mers from the opposite end. Each dimerii 
composed of two nonidentical subunits, a- aid j 
|3-tubulin. An end-on view ( bottom) of a rep-j 
resentative microtubule shows the usual 
number of 13 subunits. Thirteen longitudinal 
rows of "protofiiamenta” associated laterally 
run parallel to the long axis of the microtubule. 


over and over, the amount of genetic 
information needed to specify, say, a 
microtubule—and, therefore, the 
amount which must be passed from 
generation to generation—is consid¬ 
erably reduced. 

Microtubules are made up of subunit 
proteins that form a cylindrical 
polymer of indefinite length with a 
diameter of 25 nm (nanometer, 1 nm 
= 10~ 9 m), a hollow core 15 nm in di¬ 
ameter, and a wall 5 nm thick (Figs. 1 

and 2). The majority of microtubules 
studied from numerous cell types 
conform to these dimensions and 
have 13 subunits in cross section. 
Depending on the cell type, however, 
the number of subunits in cross sec¬ 
tion and the length of the microtubule 
can vary considerably. Most often 
microtubule lengths are computed in 
fim (micrometers, 1 pm = 10" 6 m). 

The unit of assembly is the tubulin 
molecule, and microtubules elongate 
by the addition of tubulin building 
blocks to their growing end, as illus¬ 
trated in Figure 1. Intact microtub¬ 
ules are apparently in equilibrium ' 
with their subunits: agents that favor 
polymerization, such as warmth ' 
(18-37 °C), shift the equilibrium < 
toward assembly, while those that < 
favor disassembly (cold, high pres- < 
sure, colchicine) shift the equilibrium i 
toward disassembly, producing sub- ( 
units at the expense of formed mi- ( 
crotubules. This equilibrium between c 
the subunits and the polymer pro- t 
vides the framework for the design of r 
many experiments, since one of the v 
basic questions in microtubule re- ( 
search is how a cell controls the t 
equilibrium during the normal events n 
of the cell cycle. For example, at mi- p 
tosis many eukaryotic cells recruit » 
tubulin subunits from a precursor v\ 
pool in order to assemble microtub- si 



ules ; and can thus control whether the 
equilibrium lies toward subunits or 
polymer. How the cell does this is 
currently the subject of active re¬ 
search. 

Protein components and 
morphology 


Tubulin, the subunit protein of mi¬ 
crotubules, is a figure-eight-shaped 
dimer of two nonidentical proteins 
called a and /3-tubulin (Fig. l). The 
initial purification of tubulin from 
cells was made possible in part by the 
discovery of Taylor (1965) that the 
drug colchicine, an inhibitor of mi¬ 
tosis, bound to a component of the 
mitotic apparatus. Using this obser¬ 
vation, Weisenberg and his colleagues 
(1968) showed that a colchicine¬ 
binding protein was abundant in 
mammalian brain, where it can com¬ 
prise up to 20 percent of the total 
soluble protein, and that this protein 
was very similar to the microtubule 
subunit protein. 


Most of our-knowledge of microtub¬ 
ule assembly and biochemistry has 
been obtained within the past five 
years and was made possible by 
Weisenberg’s publication in 1972 of 

the conditions necessary for the in 
vitro assembly of microtubules. This 
technique has provided not only a 
method for studying the processes of 
microtubule assembly and disas¬ 
sembly but also a better procedure for 
the purification of the proteins that 
compose the microtubule. To purify 
microtubules in this manner brain 
tissue is first homogenized so that the 
cold-labile microtubules dissociate 
into their subunits, and the solution 
can be clarified by centrifugation to 
remove large aggregates and cell de¬ 
bris, The solution is then warmed to 
enhance microtubule assembly. The 
tubulin subunits spontaneously as¬ 
semble into microtubules, and the 
solution' becomes turbid and highly 
viscous (so viscous in fact that the test 
tube with the polymerized microtu¬ 
bules can usually be held upside down 
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Figure 3. Thin-section electron micrographs of crotubule. Center: Microtubules assembled superpositioning to show the constant repeat l 
microtubules provide evidence that the surface from purified tubulin in the absence of MAPs distance of the projections composed of MAP 

projections are composed of MAPs. Left: Mi- have comparatively smooth walls. Right: An 2. (The first two micrographs are from Slobodi ) 


projections are composed of MAPs. Left: Mi- have comparatively smooth walls. Right: An 
crotubules assembled from samples containing electron micrograph of microtubules assembled 
both MAPs and tubulin show the characteristic from tubulin and MAP 2 has been enhanced by 


filamentous projections on the wall of the i 


without the contents falling out). The 
assembled microtubules can then be 
collected by centrifugation. 

In the next step, the sedimented mi¬ 
crotubules are resuspended in fresh 
buffer and cooled to shift the equi¬ 
librium, causing the formed mi¬ 
crotubules to disassemble, The sam¬ 
ple is then clarified once again by 
centrifugation to remove any cold- 
stable nonspecific aggregates formed 
during the warm incubation. The re¬ 
sulting solution of soluble microtub¬ 
ule proteins can be used at this stage 
for various in vitro experiments, al¬ 
though as a rale the proteins are fur¬ 
ther purified by subjecting them to 
several cycles of this in vitro assem¬ 
bly-disassembly procedure. 

When the microtubules isolated in 
this manner are analyzed with poly¬ 
acrylamide gel electrophoresis to de¬ 
termine their protein composition, it 
is found that they are not composed 
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i photographic technique called translational 


solely of a- and (9-tubulin.but that 
several other characteristic proteins 
are also present. We have named 
these proteins MAPs—Microtub¬ 
ule-Associated Proteins—to indicate 
that they are integral components of 
microtubules assembled in vitro 
(Sloboda et al. 1975). This fact was 
established by experiments showing 
that the ratio of MAPs to tubulin re¬ 
mained constant for up to five cycles 
of the in vitro assembly-disassembly 
procedure. The most readily apparent 
MAPs are two proteins of very high 
subunit molecular weight (>300,000 
daltons), called MAP 1 and MAP 2. 

When the microtubules isolated by 
the in vitro assembly procedure are 
viewed in the electron microscope 
(Pig- 3), it is evident that their surface 
is decorated with fine, filamentous 
projections. The following experi¬ 
ment indicated that these projections 
are composed of MAPs. Standard 
biochemical techniques (Sloboda et 


2. (The first two micrographs are from Slobodi ) 
and Rosenbaum 1979; the third is from Kim tt C 
al. 1979.) 


al. 1976; Sloboda and Rosenbaum | 
1979) were used to separate the P 
MAPs from the tubulin, and the re-i 
suiting pure preparation of tubulin!: 
was found to have a decreased ability! 
to assemble in vitro. However, under]: 
the correct conditions (Lee and Ti { 
masheff .1975; Sloboda and Rosen-f 
baum 1979), the purified tubulin vvilir 
assemble into microtubules that have! 
comparatively smooth walls (Fig. 3)1 
Since these MAP-free microtubules I 
lack the surface projections, the con- j 
elusion is drawn that the projection: I 
are composed, at least in part, off 
MAPs (Dentler et al. 1975; Murphvl 
and Borisy 1975). I 

The in vitro association of the MA hm 
with the wall of the microtubule issf ■ 
highly specific, reproducible inter-J 
action, as evidenced by both bio-1 
chemical and morphological data.fi 
First, the molar ratio of MAPs to j 
tubulin is constant; thus it can be in-It 
ferred that a given length of roi-t ; 


crotubule has a characteristic number 
of MAPs associated with it. Second, 
this association is highly regular, as 
demonstrated by the elegant work of 
Kim and her colleagues (1979), who 
used image-enhancement techniques 
(Fig. 3) to demonstrate a periodic 
association of at least one of the 
MAPs (MAP 2) with the wall of the 
microtubule. 

Microtubule assembly 
reaction in vitro 

Purified tubulin is able to assemble in 
vitro at a minimal protein concen¬ 
tration of approximately 1.4 mg/ml 
(Sloboda and Rosenbaum 1979). That 
is, at a protein concentration <1.4 
mg/ml of. pure tubulin, the dimers 
cannot polymerize into an intact mi¬ 
crotubule. The importance of the 
MAPs in the in vitro assembly reac¬ 
tion lies in their ability to lower this 
so-called critical concentration ap¬ 
proximately an order of magnitude 
such that, in the presence of an ap¬ 
propriate concentration of the MAPs, 
less than 0.2 mg/ml tubulin will as¬ 
semble into microtubules. For ex¬ 
ample, Figure 4 shows the kinetics of 
assembly when a constant concen¬ 
tration of tubulin dimers is stimu- 
lated to assemble by the addition of 
increasing concentrations of MAPs. 
The assay system employed (Gaskin 

et al. 1974) takes advantage of the fact 
that formed microtubules scatter 
light in direct proportion to their : 
mass, a phenomenon that can be re- 1 
corded in a spectrophotometer as an 1 
apparent absorbance (turbidity) at a 
selected wavelength of light 

Two characteristics of the assembly 
reaction are evident from such a tur¬ 
bidity analysis: both the total amount 
of tubulin assembled (indicated by | 
the total absorbance change) as well * 
as the initial rate of the assembly re- | 
action (indicated by the slope of each § 
turbidity curve) are proportional to « 

the amount of MAPs added f 

(/) 

n 

Thus with respect to the equilibrium 
diagrammed in Figure 1, the MAPs 
have the ability to shift the equilib¬ 
rium to favor tubulin assembly. It has 
been demonstrated both theoretically 
and experimentally that this is true in F 
vitro. The MAPs, which are known to 
associate with the surface of the mi- ai 
crotubule, do so after the dimers are C£ 
incorporated into a growing mi- c f 
crotubule (Sloboda and Rosenbaum „ 
1979); the MAPs are thus not integral be 


building blocks of the microtubule 
wall as are the tubulin dimers—and 
herein lies their importance. The 
MAPs coat the surface of the mi¬ 
crotubule and in so doing stabilize the 
tubulin subunit lattice by making it 
more difficult for subunits to disso¬ 
ciate from a formed microtubule once 
they have become incorporated. In 
thermodynamic terms, the MAPs 
favor microtubule assembly by de¬ 
creasing the reverse rate constant for 
the assembly reaction (Engelborghs 
et al. 1977; Murphy etal. 1977): that 
is, they make it harder for the reac¬ 
tion diagrammed in Figure 1 to pro¬ 
ceed toward disassembly. 

The result is a microtubule that is 
more stable, and this is reflected as a 
lower critical concentration for as¬ 
sembly. Indeed, it has been demon¬ 
strated that microtubules assembled 
in the presence of the MAPs are more 
stable to dissociation by colchicine 
than are microtubules assembled in 
the absence of the MAPs (Haga and 
Kurokawa 1975), Similarly, mi¬ 
crotubules assembled in varying 
concentrations of the MAPs show 
varying stabilities to cold dissociation 
in direct proportion to their MAP 
.complement (Sloboda and Rosen¬ 
baum 1979). These observations 
suggest a possible role for the MAPs, 
then, as regulators of microtubule 
stability, since one of the important 
characteristics of microtubules with 
respect to their function is the ability 
of the cell to control whether or not its 

tubulin is in the assembled state. 


Time (min) 

Figure 4. The assembly of purified tubulin di¬ 
mers is stimulated by the addition of MAPs. In 
an experiment to test this, the tubulin con¬ 
centration was held constant while the MAP 
concentration was increased. The black curve 
shows tubulin alone; colored curves show in¬ 
creasing concentrations of MAPs. (From Slo¬ 
boda et al. 1976.) 


e It should he pointed out that another 
d class of proteins, referred to as tau 
e (Weingarten et al. 1975) or TAP 
i- (Lockwood 1978), has also been re- 
e ported to have characteristics similar 
t to the MAPs. These proteins are 

- considerably smaller than the MAPs, 
e having molecular weights in the range 
i of 65,000-70,000 daltons, but they 
s seem to share some of the properties 

- of the MAPs. Both classes can stim- 
r ulate tubulin assembly, and both ap- 
3 pear to associate with in vitro as- 
t sembled microtubules, although there 
• is some disagreement as to the rela- 

- tive stoichiometry of tau to tubulin 
(compare Berkowitz et al. 1977 and 
Cleveland et al. 1977). (Readers are 

i referred to Kirschner 1978 for de- 
i tailed information about these pro¬ 
teins.) 

To this point, I have referred only to 
in vitro experiments with microtub¬ 
ules. What is the role, if any, of the 
MAPs in intact cells? The answer to 
that question, unfortunately, is not 
yet at hand. However, experiments 
with intact cells do show that the 
MAPs appear to be present in various 
cell types and in various microtub¬ 
ule-containing organelles and that the 
distribution of the MAPs is identical 
to the distribution of formed mi¬ 
crotubules, These facts will be illus¬ 
trated with two examples: one in 
which microtubules play primarily a 
structural role in the development 
and maintenance of cell form and the 
other in the mitotic apparatus, where 
the microtubules play an as yet un¬ 
certain, albeit important, role in 
separating the chromosomes at cell 
division. 

Microtubules and cell 

form 

The in vitro assembly procedure to 
purify microtubules from brain ho¬ 
mogenates has made it possible to 
determine the characteristics of the 
assembly-disassembly reaction as 
well as the protein composition of the 
microtubules thus produced. How¬ 
ever, it should be reiterated that these 
are in vitro experiments, and it is a 
large step to extrapolate from these 
results to the conditions in the intact 
cell. The role of the MAPs in the mi¬ 
crotubule-assembly reaction in vivo 
has, for example, recently been 
questioned (Lee et al. 1978), since the 
possibility exists that the MAPs 
merely associate with the wall of the 
microtubule nonspecifically owing to 
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Figure 5. Left: An electron-microscopic view of 
a section through a lysed toad erythrocyte 
shows the microtubule-containing marginal 
band in cross section (arrows) and its connec¬ 
tions to the central nucleus. The marginal band 
in the area of the upper arrow has folded back 
on the nucleus during processing of the cell for 
electron microscopy. The marginal band has 
an average of 22 microtubules in the toad 
erythrocyte. Below: A negative-stain electron 
micrograph shows the microtubules of the 
marginal-band system of the newt erythrocyte, 
as well as the filamentous nature of the 
transmarginal-band material that anchors the 
nucleus at the cell center, The marginal-band 
system of the newt erythrocyte contains many 
more microtubules (>100) than that of the 
toad. The area previously occupied by the nu¬ 
cleus has been labeled, although in this speci¬ 
men the nucleus has been removed from the 
cell center. 












mm 






favorable electrostatic interactions 
produced when the cell is broken 
open at the start of the isolation pro¬ 
cedure. In this way, the MAPs could 
still coat the surface of the microtu¬ 
bule in vitro, giving it both the mor¬ 
phological characteristic of regularly 
spaced side-arm projections associ- 
ated with the wall and the biochemi¬ 
cal characteristics of stability and 
ease of assembly. 

Yet the MAPs could have quite a 
different role in the intact cell, per¬ 
haps not related at all to microtubule 
assembly, stability, or function. This 
possibility is further suggested by the 
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observation that several polycations 
(positively charged molecules) can 
mimic the MAPs with respect to their 
ability to stimulate tubulin assembly, 
presumably since polycations interact 
strongly with tubulin, which is a 
highly polyanionic (negatively 
charged) protein (Behnke 1975; 
Bryan et al. 1975; Erickson and Voter 
1976), Thus, the burden of proof of 
specificity lies with the proponents of 
the MAPs as specific microtubule- 
associated proteins within cells. 

Studies with the electron microscope 
have indicated that the walls of mi¬ 
crotubules in vivo have lateral, arm¬ 


like projections (Ross et al. 1975). 
Since microtubules in cells often ap¬ 
pear to be bridged to each other or to 
various cell membranes by means of. 
these armlike projections (Franke 
1971; Raine et al. 1971; Smith et al. 
1970,1975), the filamentous MAPs 
may be the connecting proteins. In 
addition to this indirect evidence for 
the association of MAPs with mi¬ 
crotubules in vivo, several laborato¬ 
ries have used immunological tech- j 
niques to localize MAPs within the j 
microtubule-containing cytoskeietons | 
of intact cells. One model system in j 
which the MAPs can be localized in a | 
microtubule-containing organelle is I 
that offered by the red blood cells I 
(erythrocytes) of certain vertebrates. I 
Mammalian erythrocytes, for exam- I 
pie, lack nuclei at maturity and have I 
the shape of biconcave discs in cross 1 
section. By comparison, the erythro- f 
cytes of all nonmammalian verte- I 
brates (fish, amphibians, reptiles, and | 
birds) contain nuclei, and the cells are I 
lentiform (biconvex discs) in shape, f- 
The cytoskeleton of such nucleated I 
erythrocytes is composed in part of a | 
marginal band—a bundle of mi-1 
crotubules that encircles the cell im-1 
mediately beneath the plasma mem-' 
brane and is thought to be involved in ) 
the development, but not necessarily j 
the maintenance, of the lentiform 
shape (Behnke 1970; Barrett and | 
Dawson 1974). 

The bundle of microtubules in the | 
marginal band forms a structural unit [ 
in the cytoplasm. Even after the ceil; 
is lysed with a detergent that extracts | 
the membrane lipids and releases the | 
hemoglobin and other soluble cell 
constituents, the microtubules in the 
marginal band remain intact. Fur-1 
thermore, the nucleus maintains its J 
central position relative to the pe> ? 
ripheral marginal band, held in place £. 
by another component of the cy- V 
toskeleton, an as yet uncharacterized | 
network of filamentous material 
(Cohen 1978) that appears to connect l 
the nucleus to the marginal band (Fig. r 
5). Thus, the microtubules of the U 
marginal band have two interesting V 
characteristics: they are more stable* 
than normal cytoplasmic microtub- 1 \ 
ules, since they do not readily depo- jf 
lymerize when the cell is lysed, and § 
they appear to be highly cross-linked I , 
into an integrated unit, since the mi-1 
crotubules in the marginal band re- It; 
main closely apposed after lysis of the It 
cell. Both these characteristics have if 
been suggested by in vitro experi-l; 


ments to be features of microtubules 
that contain MAPs. 

Since the marginal band is a ubiqui¬ 
tous component of the cytoskeleton 
of these erythrocytes, the first ques¬ 
tion that can be asked is: since in vitro 
assembled microtubules contain 
MAPs as filamentous projections that 
may have as one of their functions the 
ability to cross-bridge microtubules, 
can these or similar proteins be found 
in the marginal band, perhaps per¬ 
forming a similar function? This is 
not an unreasonable hypothesis, since 
the marginal-band system can con¬ 
tain anywhere from twenty-five to 
several hundred microtubules that 
remain tightly cross-linked into a 
bundle even after the cell has been 
lysed. 

The powerful light-microscopic 
technique of indirect immunofluo¬ 
rescence can be used to test for the 
presence and characteristic distri¬ 
bution of a specific protein (in this 
case, MAPs) within a cell such as a 
nucleated erythrocyte. In this tech¬ 
nique, the cells to be studied are first 
fixed with a chemical agent to pre¬ 
serve their characteristic distribution 
of macromolecules. After the fixative 
is washed out, the cells are treated 
with an antibody capable of reacting 
specifically with a single species of 
protein and then with a second type 
of antibody that is not only specific 
for the first antibody but is also la¬ 
beled with a fluorescent molecule. 
The treated cells are observed in the 
light microscope to get an overall view 
of their appearance, and then under 
light conditions that reveal only the 
fluorescent (stained) molecule. In this 
way the experimenter indirectly ob¬ 
tains the distribution of a specific 
molecule by determining the distri¬ 
bution of the fluorescent label (which 
is on the second antibody); hence the 
name of the technique—indirect im¬ 
munofluorescence. 




.nucleus 



When nucleated erythrocytes are 
lysed m detergent, the only cyto¬ 
plasmic organelles visible in the light 
microscope are the nucleus and the 
peripheral marginal band (Fig. 6). 
When these lysed cells are treated 
with a rabbit antibody that specifi¬ 
cally reacts with MAP 2 (Sloboda et 
al. 1976) followed by a fluorescent 
goat antibody that is specific for 
rabbit antibodies, the fluorescence 
microscope reveals intense staining 
localized in the area of the cell occu¬ 



Figure 6. The method of indirect immunoflu¬ 
orescence is used to test for the presence and 
distribution of a protein. Top: A phase-contrast 
light micrograph shows an intact erythrocyte 
from the newt, Center: Newt-erythrocytes are 
shown lysed in a buffer. The nucleus maintains 
an association with the marginal band, Bottom: 
The same lysed cells are viewed in the fluo¬ 
rescence microscope after preparation for in¬ 
direct immunofluorescence. Note the intense 
fluorescence of the marginal bands, indicative 
of a specific antigen-antibody reaction; for this 
particular experiment, it indicates the presence 
of MAP 2 m the marginal band of the eryth¬ 
rocytes. 


pied by the marginal band (Fig, 6). 
The conclusion that can be drawn 
from such an experiment is that 
MAPs are a distinct component of the 
marginal-band system of nucleated 
erythrocytes (Sloboda and Dickersin, 
submitted). 

The MAP-containing marginal-band 
system is involved in an as yet unde¬ 
termined manner in the development 
of an asymmetric cell shape. The 
exact role of the MAPs with respect to 
the cytoskeletal function of the mar¬ 
ginal band is still unclear: they may 
serve to bind the microtubules into a 
bundle, or to provide them with en¬ 
hanced stability, or both. Further¬ 
more, the association of MAPs with 
microtubules is not limited to the 
nucleated erythrocyte. It appears that 
MAPs may be associated with the 
microtubule wall in the majority of 
cell types used to study the role of 
microtubules in the development and 
maintenance of cell form, 

Results from other laboratories, also 
using the technique of indirect im¬ 
munofluorescence, have confirmed 
that MAPs are associated with the 
cytoplasmic microtubules of many 
different cell types. Using an antise¬ 
rum specific for the high molecular 
weight MAPs 1 and 2, Connolly and 
his colleagues (1978) have shown 
specific fluorescent staining of the 
microtubule networks in rat glial 
cells; similarly, Sherline and Schia- 
vone (1977) noted staining of the 
microtubule systems in rat neuro¬ 
blastoma cells and in a tissue culture 
strain of fibroblasts. 

The conclusion that, in all these cases, 
the microtubule systems and associ¬ 
ated MAPs are involved in the de¬ 
velopment and maintenance of an 
asymmetric cell shape can be arrived 
at by the following experiment. If 
these cell types are treated with col¬ 
chicine or colcemid (a molecular rel¬ 
ative of colchicine), the cells become 
round and lose their asymmetric 
processes. Furthermore, the cyto¬ 
plasm no longer stains specifically • 
with the MAP antiserum, because the J 
microtubules are depolymerized bv 
the drug treatment, and the MAPs, 
since they are associated with the 
microtubules, also lose their charac- \ 
teristic distribution throughout the 3 
cytoplasm. In addition, the specific 
association of MAPs with microtub¬ 
ules in vivo is strongly suggested by 
the finding that when microtubules 
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isolated intact from brain homoge¬ 
nates (Kirkpatrick et al. 1970) are 
compared to microtubules purified by 
the in vitro assembly procedure de¬ 
scribed above, the protein composi¬ 
tion of the two populations of mi¬ 
crotubules is found to be very similar 
(Sloboda and Warbasse, sub¬ 
mitted). 

Microtubules and mitosis 

Although it was pointed out above 
that microtubules play an important 
role in many cell motility events, the 
evidence is mostly indirect, in that 
treatment of cells with drugs such as 
colchicine, which disrupts cytoplas¬ 
mic microtubules, results in the in¬ 
hibition of the particular’ motile event 
being studied. The only direct evi¬ 
dence for a role of microtubules in cell 
motility comes from the flagella, 
where it has been demonstrated quite 
elegantly that the beating of a flagel¬ 
lum results from an active sliding of 
the microtubules in the flagellum 
against one another (Summers and 
Gibbons 1973; Satir 1974). 

In flagella, nine outer doublet mi¬ 
crotubules surround a central pair of 
microtubules; the entire structure, 
the axoneme, is held in place by radial 
spokes and nexin links, proteins that 
cross-link the outer doublet mi¬ 
crotubules and maintain the three¬ 


outer doublet sliding was first dem¬ 
onstrated by showing that when the 
cross-linking proteins were removed 
from the axoneme, the flagellar axo¬ 
neme slid apart when the outer dou¬ 
blets were induced to slide by the 
addition of ATP (Summers and 
Gibbons 1973). 

Elucidating the mechanism of mitosis 
is perhaps one of the most sought- 
after solutions in all of cell biology. It 
is known that microtubules must be 
present for mitosis to proceed, but the 
manner in which they function in the 
separation of the chromosomes is not 
at all clear. At the start of mitosis, 
some signal from the cell induces the 
polymerization of microtubules into 
the characteristic mitotic spindle 
apparatus (Fig. 7). The addition of 
colchicine either inhibits the forma¬ 
tion of the spindle or causes the rapid 
dissolution of its microtubules if they 
have polymerized prior to addition of 
the drug. Such indirect evidence 
suggests the microtubules have an 
important role in chromosome sepa¬ 
ration because when they are induced 
to depolymerize, the movement of the 
chromosomes ceases. Thus, as with 
the processes in so many other sys¬ 
tems, it has not been directly deter¬ 
mined whether microtubules actively 
generate the motive force for move¬ 
ment of cytoplasmic components or 
whether they merely influence the 


region of the chromosome called the | 
kinetochore (or centromere). Other j 
microtubules—called polar mi- j 
crotubules—run from one pole 
toward the opposite pole without in¬ 
teracting with a kinetochore. At the 
end of mitosis, two main movements S 
have occurred: the chromosomes have! 
left the middle of the spindle and 
moved to each of the two poles, and 1 
the poles have separated, or moved i 
further apart. Any model for mitosis, j 
then, has to account for these two 
movements. | 

A descriptive analysis of the four j 
main theories of mitosis is beyond the I 
scope of this article, but the basic | 
points of each theory as they relate to [:■/ 
microtubules will be mentioned. F 
(Dustin 1978, chap. 10, gives exten- : 
sive documentation and a compare- ; 
tive analysis of the experimental ev- ■ 
idence.) None of the theories has been | 
unequivocally proved, although each I - 
is supported by good experimental 
evidence that cannot, in many cases, 
be explained by the basic tenets of the 
other three. It may turn out that the I 
actual mechanism employs the ideas T 
of several or all of the theories. I 
&' 

The first theory to be postulated J 
proposed that the motive force for the j 
movement of chromosomes is the j 
actual assembly-disassembly process j 
of the spindle fiber microtubules 


dimensional spokelike aspect of the 
axoneme. Microtubule sliding in this 
system is mediated by the protein 
dynein, which hydrolyzes the cell’s 
energy-providing compound ATP, 
thus producing the motive force for 
the sliding. The dynein is attached at 
regular intervals along the wall of one 
outer doublet and interacts with the 
reciprocal wall of an adjacent outer 
doublet to cause sliding of one relative 
to the other. Indeed, the concept of 


: Figure 7. At the start of mitosis, microtubules 
polymerize into the characteristic mitotic 
spindle, diagrammed here for an animal cell. 
One pair of chromosomes is represented by the 
gray objects at the center, and. kinetochore 
microtubules extend from their sites of at¬ 
tachment on the chromosomes to the poles. 

. Radiating from the poles are astral rays, also 
composed of microtubules, a feature of the 
spindle not found in plant cells. Polar mi¬ 
crotubules extend from the poles toward the 
center of the spindle and overlap with those 
coming from the opposite pole, At the end of 
mitosis, the chromosome-to-pole distance has 
decreased, and the pole-to-pole distance has 
increased. 
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direction of these movements by themselves (Inoue and Sato 1967). It; 
providing passive pathways along is thought that the kinetochore mi- L 
which the components travel. crotubules depolymerize in a con-; 

trolled manner, thus “pulling" the : 
At the start of mitosis, the chromo- chromosomes toward the poles as the ; 
somes arrange themselves at the microtubules shorten. Separation of |. 
center of the spindle and are attached the poles is thought to be accom- i 
to the poles by structures called plished by the active elongation of the: 
spindle fibers, which are actually polar microtubules due to polymer- i 
bundles of microtubules. One end of ization of subunits in a specific and | 
each microtubule is inserted at the regulated manner. The second theory; r 
pole and the other end at a specialized postulates that chromosome move-1 



ments and pole separation are caused 
by mechanochemically active cross¬ 
bridges that slide one set of microtu¬ 
bules against the other (McIntosh et 
al. 1969), in much the same manner as 
the sliding of microtubules in fla¬ 
gella. 

The third theory suggests that the 
motive force is not due directly to the 
microtubules but rather to another 
force-generating system composed of 
actin and myosin, proteins known to 
exist in the cytoplasm of many cells. 


immunofluorescence (Sherline and 
Schiavone 1978). In support of the 
third hypothesis, the muscle protein 
actin has been found in the spindle 
using both electron microscopy (Forer 
and Jackson 1976) and fluorescence 
microscopy (Sanger 1975), However, 
the actin appears to be localized only 
in that region of the spindle occupied 
by the kinetochore microtubules. No 
evidence of actin has been obtained in 
the center of the spindle where the 
polar microtubules overlap. 


ing; as sites of attachment of other 
classes of motile proteins; or perhaps, 
as the in vitro evidence suggests, as 
regulators of the rate of microtubule 
assembly and disassembly in the in¬ 
tact cell, since these activities must be 
carefully and precisely controlled 
during mitosis. Much research in the 
area is now aimed at determining 
what the exact functional compo¬ 
nents (MAPs, dynein, actin) of the 
spindle and of the microtubules really 
are. 


Because these proteins are the main 
components responsible for contrac¬ 
tion in vertebrate striated muscle, for 
example, the analogy is drawn that 
the microtubules act as the “bones” 
of the cell on which tiny intracellular 
“muscles” of actin and myosin con¬ 
tract, powering mitosis (Forer and 
Jackson 1976). The fourth theory— 
the “zipper” hypothesis (Bajer and 
Mole-Bajer 1975)—also postulates 
lateral interactions between mi¬ 
crotubules. However, in this theory 
the microtubules do not slide relative 
to one another but rather “zip” to¬ 
gether so that the effective distance 
spanned by a microtubule decreases. 
If the microtubule is attached to a 
chromosome, the net result is move¬ 
ment of that chromosome toward the 

pole. 

Intriguing experimental evidence has 
been obtained for most of these 
mechanisms. For the first theory, for 
example, threshold levels of agents 
that cause microtubule depolymer¬ 
ization (colchicine, cold) have been 
noted to increase the rate at which the 
chromosomes move toward the poles. 
The evidence for sliding microtub¬ 
ules, the second theory, is perhaps 
strongest for that part of mitosis that 
concerns pole separation: the width of 
the zone of overlap of the polar mi¬ 
crotubules that project from each pole 
to the center of the spindle dramati¬ 
cally decreases as the poles separate, 
which is what would be expected if 
the microtubules were sliding past 
one another (McDonald et al. 1977). 
In addition, evidence from the elec¬ 
tron microscope shows many lateral 
cross-bridges between the microtub¬ 
ules in the spindle (Hepler et al. 
1969), which would be necessary to 
power the sliding mechanism, as 
happens in flagellar beating. One 
candidate for these cross-bridging 
proteins could be proteins similar to 
the MAPs that have recently been 
localized in the spindle by indirect 


It is apparent that one can construct 
a theory that encompasses all of the 
evidence described. For example, it 
may be that microtubule sliding is 
responsible for separation of the 
poles, that an actin-based motor 
moves the chromosomes toward the 
poles, and that the rate of microtub¬ 
ule depolymerization provides the 
necessary resistance so that the whole 
process occurs synchronously. All the 
theories provide the basis for the de¬ 
sign of experiments, and current re¬ 
search in the field is directed in part 
to using the in vitro assembly system 
to obtain information in support of 
the various theories. 

Microtubules appear to be attached 
to chromosomes and poles, and sev¬ 
eral investigators have shown that 
these structures can serve as nucle- 
ation sites for the growth of microtu¬ 
bules in vitro (Weisenberg and Ros- 
enfeld 1975; Telzer et al. 1975; Pepper 
and Brinkley 1979). Based on the in¬ 
formation obtained from these in 
vitro experiments with respect to 
rates of polymerization and depoly¬ 
merization, directionality of assem¬ 
bly, etc., other investigators have at¬ 
tempted to relate the in vitro evi¬ 
dence to the possible mechanisms 
acting within the cell (Borisy 1978; 
Margolis and Wilson 1979), 

Whatever the exact mechanism of 
mitosis turns out to be, it is likely that 
the microtubules themselves will not 
be the only macromolecules directly 
involved. The evidence is quite dear 
that, as in most other microtubule- 
based systems, the microtubules have 
attached to their surfaces other 
classes of associated proteins, be they 
dynein-like or MAP-like in nature. As 
far as the function of these proteins is 
concerned, we can only speculate at 
the present time. They may serve as 
mechanochemically active cross¬ 
bridges regulating microtubule- 
microtubule interaction and/or slid- 
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‘This great variety of bones can mean only one thing: 
King Solomon’s Zoo.” 
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James r. Arnold The Frontier in Space 

Views Will we be true to our nature and accept the 

challenge of the next frontier ? 


The human species distinguishes it¬ 
self from its relatives by a number of 
attributes. One is range. Starting, as 
is now believed, from a center in Af¬ 
rica, human beings had already 
spread ten thousand years ago into 
every continent (except Antarctica) 
and every climatic zone on the planet. 
Long before the invention of writing 
and the appearance of cities, our an¬ 
cestors had adapted not only to all 
habitable climates but to a wide va¬ 
riety of plant and animal food and to 
a range of technologies for providing 
basic human needs. This trait in hu¬ 
mans is undoubtedly “culture- 
bound”—there are very rigid so- 
cieties-but generally speaking we 
seem to be descended from the mi¬ 
grants and innovators. So far as we 
know, the chimpanzees and gorillas 
have not left home. 

Twenty years ago it would have been 
unnecessary to remind people of this. 
“Progress” was taken for granted, 
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especially in the United States, a 
country inhabited almost exclusively 
by immigrants and their more or less 
immediate descendants. The western 
frontier was an essential element of 
our historical vision of ourselves. 
Today our mood is more critical of 
technical adventure and exploration. 
On a finite earth this is reasonable, 
and indeed long overdue. However, it 
also tends to stifle the creative im¬ 
pulse. Where we formerly embraced 
novelties both good and bad, we may 
now be resisting them equally. 

The purpose of this article is to ex¬ 
plore one new idea: the possibility of 
people living and working away from 
the planet Earth. There may now be 
outlets for the deep human urge to 
move onward that were imagined only 
by a few dreamers even in the more 
expansive era of the fifties. The ideas 
set forth here owe very much to the 
leading exponent of space settle¬ 
ments, G. K. O’Neill (1978). The 
subject is illuminated beautifully 
from a different angle by Freeman 
Dyson (1979). 

Of course, we have already been ex¬ 
ploring space. So far, however, the tie 
between astronauts or cosmonauts 
and the ground has been close. The 
phrase “Mission Control” says it all. 

If a true frontier in space is to be 
created, we must move toward a far 
greater degree of autonomyfor those 
who would live there. There seems 
little likelihood at present that the 
spirit of adventure or national pride 
alone can nourish such a frontier 
community. There must be some 
tangible value: the resources of space 
must be put to use. 

What do we mean by use? Civiliza¬ 
tions have always rested on supplies 


of four essentials: labor, materials, 
energy, information. The labor used 
until recently was that of masses of 
slaves, in name or in fact. It is the 
special character of a technical society 
that the conditions of labor are more 
and more transformed by increasing 
supplies of the other three compo¬ 
nents. It is the dramatic development 
of materials, energy, and information 
that has eased and equalized the 
burden of labor. Whatever basic de¬ 
cency our particular culture can lay 
claim to is made possible by this 
transformation, 

Space provides a wide range of op¬ 
portunities to continue this process. 
So far, all the major effects have been 
in the information segment. Tele¬ 
communication and weather fore¬ 
casting use satellites on a large scale 
ever more effectively. Less measur¬ 
able, but perhaps more significant, 
are our learned ability to succeed in 
complex and dangerous enterprises 
(“If they can go to the moon, why 
can’t they...?”) and our slowly in¬ 
creasing grasp of the unity and fra¬ 
gility of the planet Earth. 

To make use of the energy and ma 
terial resources of space, we require at 
a minimum the improved transport 
capability to be provided by the 
Space Transportation System (Space 
Shuttle). The first flights of this sys¬ 
tem are expected soon. Each flight;? 
will be able to carry into near-Earth 
orbit something like the contents off 
railroad box car—a few tens of 
tons—at a cost in round figures of 
some hundreds of dollars per kilo¬ 
gram. This is a marked reduction 
from earlier costs, but it is still not 
cheap. 

A later generation of transport sys- 







terns, such as those that might be 
available in the 1990s, can be ex¬ 
pected to reduce this cost further, 
perhaps by ten times or even more 
(Bekey and Mayer 1976). It is not 
easy to do this, however, because the 
escape velocity from the Earth, 11.3 
km/sec, is large. The minimum ener¬ 
gy imparted to the payload must be 
6.4 X 10 u ergs/g, to escape the 
Earth’s gravitational field entirely. 

This is larger than the energy content 
per gram of chemical fuels and im¬ 
poses a requirement for large, com¬ 
plex, and precise launching systems 
such as the STS, The atmosphere of 
the Earth is a further hindrance to 
going out, though it can be very 
helpful (as a brake) in coming back in. 
If useful materials in space were 
available without going through this 
expensive and difficult lifting process, 
there would be marked advantages. 

What’s in space? 

Advantages for what? Is there any¬ 
thing we think we can do uniquely, or 
better, or cheaper, or with less pollu¬ 
tion in space than we can on Earth? 
There is reason to think so. 

A useful way to view the possibilities 
is to look at three essential differences 
between the space environment and 
our own. The first is “weightlessness.” 
The effective force on an object in a 
spacecraft is very small—typically on 
the order of 10~ 6 times Earth gravity 
or less. An object at rest in the local 
coordinate frame tends to remain so. 
This changes, for example, the 
meaning of the word “container.” 

A second difference is in the avail- 
; ability of solar heat. At a relatively 
short distance from the Earth there is 
no weather and no night, and thus 
solar energy becomes steady and vir¬ 
tually uninterrupted. Because of the 
day-night cycle, and the absorption 
and scattering of the Earth’s atmo¬ 
sphere, the effective intensity of 
sunlight at the Earth’s surface is only 
a small fraction of the 1.5 kW that fall 
on 1 m 2 at right angles to the solar 
■beam. In space we get it all, Collectors 
or solar heat can be light and simple, 
bus heat is available, at very low 
pst, at any reasonable scale required, 
almost any desired place far 
nough outside the Earth’s atmo- 
phere. To convert this heat to elec- 
ity, at an efficiency on the order of 
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10%, is a known though still fairly 
expensive art. 

The third major difference is the ab¬ 
sence of an atmosphere. Far from 
human activity, the vacuum of in¬ 
terplanetary space is at a level <10 
molecules/cm 3 , or IQ" 15 torr—better 
than any attainable laboratory vacu¬ 
um. Around a space habitat or space 
factory the vacuum would be much 
poorer, because of inevitable leakage 
of gases. However, even such a rela¬ 
tively poor vacuum is potentially 
useful—for example, as an environ¬ 
ment for fabrication of reactive met¬ 
als. Even a very high vacuum could be 
maintained with careful factory de¬ 
sign, Because the vacuum is always 
present, the “pumping speed” would 
be very high, thus speeding up high- 
vacuum operations over the time for 
equivalent operations on Earth. 

We can already give some simple ex¬ 
amples of the usefulness of these 
properties. We cannot yet perceive 
the possibilities of combining them in 
new patterns, of mastering the art of 
working in space. The first automo¬ 
biles and airplanes, and computers 
even up to the present, remind us that 
our mental blinders can delay for 
decades the realization of the best 
design and use of something really 
new, In space all this is still before 
us. 

A clearly identified barrier to activi¬ 
ties in space is the cost and difficulty 
of bringing material there from the 
deep gravitational well of Earth. 
Fortunately there are two alternative 
sources of useful materials—the 
moon and near-Earth asteroids, 

■ Given the escape velocity, 2.3 km/sec, 
we can easily calculate the energy 
requirement for bringing material 
from the moon. It is 2,6 X10 10 ergs/ 
g—less than 4% of the figure for the 
Earth, In one way this understates 
the relative cost, since we must put 
the mining and launching systems on 
the moon first, using terrestrial ma¬ 
terials. How to do this most econom¬ 
ically is at present a subject of active 
study, In another way, it overesti¬ 
mates the cost, The fact that 2,6 X 
10 10 ergs/g is small compared to the 
energies from typical chemical fuels 
means that simple, light propulsive 
systems will serve. O’Neill and his 
colleagues are developing a device 
called a “mass driver,” which has the 


capacity to eject matter from the 
moon using modest amounts of elec¬ 
trical energy, without fuels or rockets 
(Chilton et al, 1976). This device has 
very attractive possibilities. 

We have done a little prospecting on j 
the moon. Twelve men have spent j 
hours or days on its surface, collecting j 
a few hundred kilograms of samples 
from six places, all at low latitudes on 
the front side. Soviet unmanned j 
spacecraft have returned samples 1 
from three other sites in the same 
zone. Other American and Soviet 
spacecraft have provided data from 
the surface or from orbit. The Apollo 
15 and 16 missions carried into orbit 
geochemical instruments that made 
remote analyses of about 20% of the 
lunar surface for several major ele¬ 
ments and for the radioactive ele¬ 
ments, 

As a result we have a pretty good 
knowledge of the common materials l 
on the lunar surface (Taylor 1975; 
Bielefeld et al. 1976). The soil and ; 
rocks we have surveyed fall mainly i; 
into three broad compositional 
classes. Like the major rocks of the ■: 
Earth, all are silicates. Most of the t: 
moon’s surface (but not most of the ) 
front-side equatorial zone) is “high¬ 
land” material, comparatively light in 
color and low in density. The lightest 
materials there (in both senses) are 
anorthosites, rocks that are high in ■ 
aluminum and calcium (Table 1). 

In the dark lunar maria that are 
widespread on the front face of the 
moon, we find basaltic lavas from the i 
lunar interior, which are rich in iron, i 
They contain variable, sometimes; 
strikingly high, concentrations ofti- \ 
tanium. A more localized, but still r 
abundant, material on the lunar sur¬ 
face was given the acronymic name \ 
KREEP—from K (potassium), Rare ■ 
Earth Elements, and P (phospho ■ 
rus)—by the late Paul Gast. KREEP ; 
contains high concentrations of a 
large number of minor and trace ele- r 
ments, including the radioactive ele¬ 
ments potassium, thorium, and ura- ; 
nium. 

Everywhere the soil (but not the m 
rocks) contains a fraction of a percent i 
of metallic iron and interesting p. 
quantities of several light elements, i 
the result of billions of years of bom- t 
bardment by the solar wind. These j;.-.' 
solar-wind components include hy- /. 


drogen, carbon, nitrogen, and noble 
gases in the general range of 0101% by 
weight. Sulfur is also widespread, at 
a level about 0.15%. These important 
materials appear to he more concen¬ 
trated in finer soil fractions, but data 
are still incomplete. 

We do not know if there are rich 
mineral deposits on the moon. Con¬ 
ventional wisdom does not encourage 
us to seek them, because most (but 
not all) valuable deposits on Earth 
were formed by processes involving 
abundant water. But conventional 
wisdom did not predict the presence 
of the remarkable “orange glass” de¬ 
posits found by the Apollo 17 astro¬ 
nauts. We must conservatively as¬ 
sume that rich mineral concentra¬ 
tions are absent, but we may be 
wrong. 

One commodity clearly absent on the 
areas of the moon we have explored is 
water. The rocks are all dryer than 
any known on Earth. The only local 
source of water would be through a 
chemical combination of the solar- 
wind hydrogen embedded in the soil 
with the oxygen of the rocks, which 
might yield about 0.1% water by 
weight (one liter per ton of soil). Re¬ 
covering such a tiny amount of water 
does not appear to be attractive eco¬ 
nomically, though as always there is 
room for ingenuity. But there is one 
other possibility. 

Some time ago Watson and co-work¬ 
ers (1961) pointed out that craters 
near the lunar poles, into which sun¬ 
light never falls, make up about 0.5% 
of the lunar surface. With no atmo¬ 
sphere to carry heat to the dark areas, 
they must be very cold-in the range 
of -170° to -250° C. In such places, 
ice has effectively a zero vapor pres¬ 
sure; put there it will presumably re¬ 
main forever. These authors suggest 
that any water vapor liberated over 
the entire surface of the moon would ' 
be transported and stored as ice in j 
these craters. 

i 

Today we know far more about the i 
moon than we did in 1961. Many de- < 
tails of the discussion by Watson and < 
co-workers are obsolete. In a re- < 
analysis of the problem (Arnold < 
1979), I have estimated that 10 16 -10 17 1 
g of ice may be found in the polar cold < 
traps. But this is a paper study, not an 
observation, and we can settle the r 
question only by an appropriate ex- £ 


periment, such as gamma-ray map¬ 
ping from a polar-orbiting spacecraft 
A spacecraft with present-day in¬ 
strumentation could also give us far 
better information on the composi¬ 
tion of the whole lunar surface than 
the Apollo missions provided for 20% 
of the surface. 

Because we cannot count on finding 
rich deposits of minerals or water on 
the moon, we should plan to make use 
of ordinary lunar soil and rocks. 


and hydrogen. These are abundant in 
normal lunar materials, along with 
titanium (in some mare basalts)— 
also a very useful structural metal 
Only the amount of hydrogen is 
doubtful. The next largest require¬ 
ments are carbon, nitrogen, and sul¬ 
fur (for food sources and organic 
synthesis) and alloying elements like 
manganese. These elements seem to 
be present in lunar soil in adequate 
amounts, though more concentrated 
sources would be welcome. 


Table 1. Compositions of lunar soils collected during three Apollo missions (percentages 
by weight). Apollo 11 soil is a titanium-rich material from a mare; Apollo 14 soil is the 
unusual potassium-rich material called KREEP; Apollo 16 soil came from the high 
lands. 


Apollo 11 

Apollo 14 

Apollo 16 

42,06% 

44,16% 

44.88% 

19.64 

22,39 

21.00 

7,37 

9.31 

14.13 

8.58 

8.00 

11.13 

12,23 

8.06 

4.27 

4.77 

5.57 

3.59 

4.48 

1.04 

0.35 

0.33 

0.50 

0.36 

0.12 

0.46 

0.11 

0.21 

0.17 

0.08 

0.16 

0.11 

0.05 

0.05 

0.23 

0.05 


source: Taylor 1975 


The elementary abundances shown in 
Table 1 must be compared to the 
needs for industrial production and 
for human comfort. On Earth, two 
hundred years after the start of the 
industrial revolution, we have become 
accustomed to using essentially all 
the elements of the periodic table for 
one purpose or another. During the 
early stages of space manufacturing, 
we will have to get along with only a 
fraction by mass (much less than 
unity) of lunar material in our prod- 
ucts. The components to strive for are 
the materials needed in the largest 
quantities. These are few and pre¬ 
dictable (Criswell and Waldron 1978); 
oxygen, water, construction materials 
(concrete and steel or their equiva¬ 
lents and perhaps glass), and electri¬ 
cal conductors. 

The elements that we are sure to need 
are oxygen, silicon, iron, aluminum, 


Now let us turn to the other potential 
source of materials, the near-Earth 
asteroids. In a short article I can give 
only a brief account of their supple¬ 
mentary role (see O’Leary 1977; Helin 
and Shoemaker 1977; Shoemaker et 
al., m press). We have only general 
indications of their composition from 
direct observation, but we can infer 
that at least some of the meteorites in 
our museums are probably fragments 
of the same materials. Of special in¬ 
terest among them are the meteorites 
called carbonaceous chondrites 
which contain bound water, and the 
so-called iron meteorites, which. 
composed of an alloy of iron, nickel, 
and cobalt. It has even been suggested 
that iron asteroids might someday 
prove to be a potential resource for 
use on Earth (Gaffey and McCord 
1977). 

The Earth-approaching asteroids are 
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as yet little studied. The list of objects 
is now about fifty and growing fairly 
rapidly: there may be as many as a 
thousand large ones, on the order of 
km or more in the longest dimen¬ 
sion* and greater numbers in smaller 
size ranges. The escape velocities 
lrom asteroids are very small, but a 
lot of energy would be required to 
bring them (or fragments of them) 
close enough to the Earth to be used. 
There is as yet no known asteroid for 
which the energy needed is lower than 
it is for lunar materials to be brought 
near the Earth. Very likely some will 
be found in the future, 

A way around this problem has been 
suggested by Bender and co-workers 
(1979). It has been known for a long 
time that asteroids or comets passing 
near a planet are subject to gravita¬ 
tional perturbations capable of 
causing major changes in shape, size, 
and period of orbit. This effect has 
been used deliberately to modify the 
orbits of exploring spacecraft, for 
example in the Mariner 10 mission to 
Venus and Mercury. According to 
Bender and co-workers, it is possible 
in the case of some known Earth- 
approaching asteroids to find sched¬ 
ules of propulsion which would cause 
the asteroid (or some portion of it) to 
make a series of close approaches to 
the moon, Venus, and perhaps the 
Earth (though safety questions arise 
here). If this could be done the re¬ 
quirement for propulsive energy to 
move an asteroid would be drastically 
lowered. In effect, the orbital energy 
of the planet approached would sup¬ 
ply the difference. The disadvantages 
of this technique are that diversion is 
possible only at certain special times 
for a given asteroid and that the re¬ 
quired transport times become much 
longer. Still, extending greatly the list 
of available asteroids improves the 
prospects of using asteroidal mate¬ 
rials. 

Thus we know that nearly all the 
materials most necessary for living, 
working, and building in space are 
available on the moon. Unexplored 
lunar regions may contain others, as 
well as more convenient forms of the 
elements already known to be there. 
Water is the mosL serious potential 
ap. But it is almost surely available 
dm some Earth-approaching aster- 
ids, which may be very attractive in 
e long run as sources for other ma- 
rials as well. 


Means of recovery 

The transformation of excavated ores 
into manufactured articles requires a 
long succession of operations which 
on Earth are carried out by separate 
industries. In a frontier environment, 
the processes must be simplified. The 
need for simplification and the ex¬ 
tremely different conditions in the 
space environment force us to rethink 
everything. A few people have already 
devoted some thought to the prob¬ 
lems and possibilities involved (see, 
for example, Arnold and Duke 1977; 
Rao et al. 1979; Bock 1979) and have 
formulated some guidelines. 

The first step illustrates the contrast. 
On Earth, with a well-explored planet 
at our disposal, the miners' rule is 
that “grade wins.” That is, a small 
increase in content of the desired el¬ 
ement in an ore pays for a large ad¬ 
ditional investment in equipment, 
labor, transportation cost, and so on. 
On the moon, with limited knowledge 
and high investment costs, there is 
every reason for ease and convenience 
to win, The top few meters, at least, of 
the lunar surface are already con¬ 
verted to fine particles by micro- 
meteorite impact. The location of a 
mining site at a point where two or 
even three major surface materials are 
available nearby would permit a 
wider choice of materials, The “min¬ 
ing” could be done with simple soil- 
moving equipment. Of course, if we 
find rich deposits on the moon, we 
could revert to a more Earthlike pat¬ 
tern. 

For the next step, the isolation of each 
desired, element (at least in crude 
form), there is a wide assortment of 
possibilities. Four analyses of the 
problem to date have yielded four 
entirely different schemes (the most 
recent study, Bock 1979, summarizes 
earlier ones), My own choices are in¬ 
tuitive and arbitrary; more work is 
needed, especially in the laboratory. 

It must be emphasized that the en¬ 
ergy requirements to produce useful 
materials from lunar soil will be much 
greater than those needed to produce 
the same materials from ores on 
Earth, Not only are the concentra¬ 
tions lower but most chemical forms 
are more difficult to use (silicates 
rather than oxides or sulfides). The 
typical energy penalty may be as 
much as a factor of ten. However, as 


we have seen, solar heat energy j 9 j 
abundant in space, and thus heat re. {• 
quirements for processing are prok I 
ably not an important constraint, I 
Because electrical energy in large j 
quantities will require a larger in. f 
vestment in solar cells or a competi- | 
tive technology, most of the processes j 
under consideration use heat energy, | 
primarily or entirely. ' * 

For iron we can go either of two ways, 

A simple method is to make a mag- j.’ 
netic concentrate of the raw lunar l 
soil. The natural soil content of me- [ 
tallic iron, about 0.5%, can probably ‘ 
be increased to more than 10% hy ! 
magnetic separation. Then melting, 
using concentrated solar heat, would \ 
yield a crude iron separate. This \ 
method is straightforward, but it does j. 
not recover the much larger iron | 
content of the silicate minerals. ■ 

The simplest imaginable process by \ 
which to recover iron from silicate f 
materials, without using reagents, is l 
direct electrolysis of molten lunar soil 
or rock. The lunar soil could first be i 
melted in place, with a minimum of : 
processing, using solar heat. A shell of 
solidified material would hold the 
molten material, and electrodes could V 
be inserted into it to produce the de¬ 
sired metallic products. Haslein and 
Lindstrom (1979) have recently 
shown (on a small laboratory scale) 
that iron and titanium can be recov- : 
ered at the cathode, and oxygen 
under some conditions at the anode. j 
It may be very difficult to produce: 
aluminum by such a process. 

The simultaneous production of 
oxygen is a major advantage of elec¬ 
trolysis. The uses of oxygen in a space 
economy are many. We will probably ?; 
need more of it than any other puri- : 
fied substance. 

How to begin 

The old frontier was developed in 
different ways. The government i 
supported discovery and exploration ! 
of new lands. Land companies, fur 
companies, and, later, railroads pro¬ 
vided capital. With few exceptions, \ 
individuals were able to move out on » 
their own only after the first stage had I 


vestment based on hope of economic 
return—the economic expectations 
must be commensurate with the 
necessary investment. If a very large 
initial investment is required, a very 
large industry must be created to 
produce the cash. Only very rich 
players can join the game. 

Until recently, there has been a gen¬ 
eral perception that the entry stake 
must be very large indeed. Studies 
sponsored by NASA have yielded 
estimates of start-up costs in the 
range of $50-100 billion. This amount 
would allow the transport of lunar 
material, on the order of 10 5 tons/ 
year-enough for quite a large in¬ 
dustrial enterprise—to some assem¬ 
bly point in space. But the size of the 
“front end” investment has narrowed 
down the possible industries, in ef¬ 
fect, to one: production of electrical 
energy for terrestrial use. The United 
States today buys $50-100 billion 
Worth of oil from OPEC countries 
each year. Thus logically we should be 
prepared to consider an investment of 
this size for a program that could 
make a major reduction in our energy 
dependence. 

The idea would be to manufacture 
and assemble in space very large ar¬ 
rays of solar cells. An array with an 
electrical output of 1000 MW (the size 
of a typical nuclear station) would 
have an area of 5 km 2 or more, de¬ 
pending on cell efficiency. Placed in 
a 24-hour (geosynchronous) orbit at 
any desired longitude, it would ra¬ 
diate its power at microwave 
frequencies to a fixed open-struc¬ 
tured receiving antenna on the 
Earth’s surface, which would then 
relay the energy to power transmis¬ 
sion grids and eventually to the con- 


and nuclear). Such estimates at an 
early technical stage are, of course, 
vulnerable. However, as recent his¬ 
tory suggests, nasty surprises can also 
crop up in other energy technologies. 
I believe the argument for pursuing 
satellite solar power as one of our 
energy options is very strong, It is to 
be hoped that the next step, a 25-kW 
prototype in space, will be authorized 


Space exploration up to now has been 
supported by governments. To justify 
the next stage—assuming it to be in- 


The economically optimum size of 
such a power plant, it is asserted, is in 
the range of 5-10,000 MW (Glaser 
1977; O'Neill 1975). This would re¬ 
quire a solar-collecting area of tens of 
square kilometers, with a radiating 
antenna not much less than one ki¬ 
lometer across. An array of this size 
would dwarf man-made structures on 
Earth; the nearly force-free environ¬ 
ment of space makes it possible. 

rphese power stations, according to 
t fre calculations, could produce both 
energy and profits, based on projected 
c0 sts of alternate sources (chiefly coal 


No new energy source can yet be ac¬ 
cepted or rejected on economic 
grounds alone. Solar power has one 
obvious advantage not yet men¬ 
tioned—it can be monopolized by no 
one country or small group of 
countries. On the other hand, the use 
of microwaves to radiate large 
amounts of power through the atmo¬ 
sphere has been questioned on envi¬ 
ronmental grounds. In my view, the 
health hazards of low-level microwave 
radiation have been greatly exagger¬ 
ated. However, we must be sure. 
There may be other undesirable ef¬ 
fects, for example on the iono¬ 
sphere. 

Whatever the assessment of the de¬ 
sirability of satellite solar power sta¬ 
tions made from lunar materials over 
the next few decades, it is clear that 
the large entry cost is a serious de¬ 
terrent, even though the Apollo 
project reminds us that huge enter¬ 
prises in space can be managed and 
can achieve their goals within the 
original budget. Those of us who want 
to see the space frontier opened are 
currently rethinking the problem, in 
an effort to find paths that begin in a 
more natural way, with small-scqle 
projects of use and profit, which can 
lead on as our experience grows to 
activities of increasing scale. Dyson 
(1979) has given persuasive argu¬ 
ments that this can be done. As one 
physical scientist to another, I cannot 
quite accept his economic arguments. 
We may have to work on an interme¬ 
diate scale: the level of one to a few 
billion dollars, which is now actually 
available to very rich individuals, 
companies, and small countries. 

We do not know yet what the first 
small steps will be. Very likely crys¬ 
tals of unusual size, perfection, and 
composition can be made in space 
and used in new ways. Composites of 
new kinds, including foams and 
fiber-reinforced metals, are another 
promising class of materials for 


i manufacture in the space environ- 
, ment, The long-standing synergism 
- between space technology and com- 
) puter science can be expected to 
. continue. Some remarkable consumer 
1 products (silent alarms? wrist tele- 
' phones?) may use satellite links. In- 
) dustrial robots in space may be one 
element in reducing manufacturing 
I costs. 

When can we expect to be well started 
■ on this process? Opinions will differ 
1 widely, but an experience of my own 
may be some guide. In 19501 was on 
a panel of scientists asked to discuss 
before television cameras the ex¬ 
pected scientific and technical ad¬ 
vances of the next 50 years. When I 
suggested that we would have 
manned space satellites, and even 
trips to the moon, before the year 
2000, the distance between me and 
my four fellow panelists grew dra¬ 
matically. They did not simply dis¬ 
agree with this particular prediction, 
which might have turned out wrong: 
they refused to participate in pre¬ 
dicting that any such revolutionary 
achievements were possible in the 
next fifty years. I asked them whether 
in 1900 they would have predicted 
heavier-than-air flight, or radio, or 
the dominance of the automobile. No 
one mentioned potential advances in 
genetics or integrated circuits—in 
these areas I saw no further than my 
colleagues. 

In looking forward, our time esti¬ 
mates, it seems, are often too short on 
a time scale of years and too long on a 

scale of decades or centuries. I myself 

would never have imagined in 1974 
that in 1980 there would still be so 
little public acceptance of the reality 
of the energy crisis and of the need for 
energy conservation as well as an ac¬ 
tive, constructive program. Many of 
us have been foolishly optimistic 
about the rate of progress toward 
some solution of this crucial problem. 
Still, technical and social revolutions 
of enormous magnitude, as the 
human habitation of space would be, 
have taken place within our lifetime. 
Some are unexpected; this one seems 
to me inevitable. 


When people are moving in and out of 
space on the Shuttle, and when other 
people are permanently occupying 
the Soviet Salyut and its descendants, 
the change will begin. So long as these 
capabilities continue and grow, space 
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will be the frontier in the literal sense 
of the word. 

Space is the empty place next to the 
full place where we live. I believe we 
will be true to our nature and go 
there. 
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Language Mechanisms: A 
Neuropsychological Perspective 

The effects of focal brain damage on the processing 
of syntactic elements may provide an important clue 
to the manner in which language is organized in the 
brain 


f I love hearing that lonesome wail of the train whistle as the magnitude of the fre¬ 
quency of the wave changes due to the: Doppler effect.” 
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Charting change-or lack of 
change—in language performance 
associated with lesions in various re¬ 
gions of the brain has been a recog¬ 
nized part of neurology for well over 
100 years. Lately, however, this en¬ 
deavor has also attracted psycholo¬ 
gists and linguists, and it is now a 
flourishing area of research. The goal 
of all this activity is the uncovering of 
the neurological foundations of lan¬ 
guage. Some are sanguine about the 
eventual outcome of this search; 
others are not, with this difference of 
opinion turning on what is expected 
of a neurological characterization of 
language. 

In broad terms, we do have some 
positive knowledge concerning the 
gross neuroanatomy of language. 
That is, we can identify those parts of 
the nervous system that are impli¬ 
cated in the exercise of language, in 
the sense that we know that when 
certain regions of the left side of the 


disrupted in predictable and selective 
ways (Geschwind 1970; Goodglass 
and Geschwind 1976; Goodglass and 
Kaplan 1972; Luria 1970). And with 
the advent of CAT scanners and new 
techniques for monitoring cerebral 
blood flow to investigate relations 
between the brain and language we 
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are becoming increasingly adept at 
the task of defining these areas (e.g. 
Naeser and Hayward 1978), To enter 
the standard cautionary note, pin¬ 
pointing the source of symptoms is 
not equivalent to locating the func¬ 
tion affected. Yet it may reasonably 
be supposed that the selective man¬ 
ner in which language breaks down as 
a result of circumscribed lesions bears 
some relation to the manner in which 
it is organized in the brain. 

Description of this organization at a 
neurophysiological level has never¬ 
theless remained elusive. Of course, 
in principle, the analyses of linguistic 
impairment that constitute the do¬ 
main of aphasia research—the pri¬ 
mary concern of this paper—cannot 
be expected to reveal neurophysiolo¬ 
gical activity in any direct fashion. 
The problem, however, is that meth¬ 
ods of measurement ostensibly more 
direct have also failed to meet with 
any conspicious success. In particular, 
electrophysiological studies of brain 
activity attending linguistic input 
have yet to specify what it is about 
linguistic stimuli—whether sound or 
meaning—that is necessary to acti¬ 
vate the language regions (but see 
Desmedt 1977). 

But even though the task of charac¬ 
terizing the relationship between 
language and its neurological circuitry 
is still very much before us, there is no 
fundamental reason, as far as I know, 
that such a characterization will not 
eventually be possible. Presumably 
we will become more skilled in the 
business of identifying and inter¬ 
preting electrophysiological patterns, 
and it is equally likely that we will 
ultimately be able to determine the 
extent to which patterns of connec- 


' from those of other areas. 


Rather than anticipating such ad¬ 
vances, however, and avoiding en¬ 
tirely the vexing issue of how to in¬ 
terpret electrophysiological data as 
reflecting the language of the brain, I 
will describe here a currently profit¬ 
able level of theory construction that, 
while seeking to accommodate de¬ 
velopments in neuroanatomy and 
neurophysiology, focuses directly on 
linguistic and psycholinguistic ad¬ 
vances. Commonly termed neuro¬ 
linguistic theory, it accepts only those 
generalizations concerning language 
processing that are neurologically 
adequate. A plausible account of the 
constituents of language processing, 
in this view, is one that reflects neu¬ 
rologically natural separations of 
function as revealed by patterns of 
language disruption in aphasia. Be¬ 
fore considering the substance of this 
approach, it will he useful to fix it 
briefly in a historical context and to 
sketch some of the clinical facts upon 
which it builds. 

Connectionist theory 

Our clearest pointers to a neurology 
of language come from certain theo¬ 
retical models based to a considerable 
extent on anatomy, These models 
date from the earliest scientific ex¬ 
plorations of aphasia, and were de¬ 
veloped to account for the contrasting 
syndromes now bearing the names of 
Broca’s aphasia and Wernicke’s 
aphasia. 

Broca’s aphasia typically results from 
damage to the left frontal lobe in¬ 
volving at least that portion of the 
cortex—now termed Broca’s area— 
that lies in the lower portion of the 
frontal lobe (see Pig. 1), just in front 
of the primary motor zone for the 
muscles of the lips, tongue, jaw, pal¬ 
ate, vocal cords, and diaphragm— 
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that is, the muscles involved in speech 
(Goodglass and Geschwind 1976; of. 
Mohr 1976), Although patients with 
this form of aphasia show relatively 
good comprehension, they produce 
little speech and do so slowly, with 
effort and with poor articulation. 
Further, their speech is telegraphic or 
agrammatic: articles, connective 
words, auxiliaries, and inflections 
tend to be omitted, and there is a 
corresponding reliance on nouns and, 
to a lesser extent, on verbs. 


that the representation of language in 
the cortex took the form of anatomi¬ 
cally discernable interconnected 
centers. These centers embodied the 
breaking down of language not into 
various types of linguistic information 
(for example, phonology as opposed 
to syntax), but rather into particular 
linguistic faculties (for instance, 
speaking as opposed to listening). 

Thus it was hypothesized that Broca’s 
area contained the rules by which 


detailed elsewhere (Geschwind 1970; i 
Goodglass and Geschwind 1976; f 
Marshall, in press). What interests us [ 
here is that the theory resulted in a l 
formal typology of. aphasia which ; 
could predict the site of lesions in the j 
case of previously undescribed con- |. : 
stellations of symptoms. [: 

Almost from its inception, however, j 
connectionist theory has been vigor- / 
ously criticized. Specifically, its view f 
of language has been attacked as f 
being incomplete and insufficiently I 
dynamic (Head 1926), while its ana-1 
toraico-physiologieal underpinnings T 
have been caricatured as “a collection f 
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r ’ area 


Figure 1. Two distinct kinds of linguistic failure jacent to the area implicated in hearing. Broca’s 
result from damage to the brain associated with aphasia, which is likely to involve damage to an 


Broca’s area, schematically indicated here i 


i larger than just Broca’s 


lying just in front of the primary motor zone for terized by relatively good comprehension 

the speech muscles, and Wernicke’s area, ad- coupled with telegraphic speech, 


Wernicke’s aphasia usually results 
from a lesion in the posterior region of 
, the left hemisphere, more specifically 
to the region (Fig. 1) adjacent to the 
Area known to be involved in hearing. 
Patients with lesions in this area 
produce a form of speech strikingly 
; ■ different from that of patients with 
Broca’s aphasia—one that is rapid 
and effortless, with the syntactic 
frames seemingly intact. Yet their 
speech is remarkably empty of con¬ 
tent, and features errors of word 
-usage (e.g. “chair” for “table”). In 
addition, patients with Wernicke’s 
aphasia show a profound comprehension 


en the relationship of these two 
tinct kinds of linguistic failure to 
jfic areas of brain damage, Wer- 
e and his colleagues theorized 


of more or less independent appara- i 
tuses connected to one another by | 
cables” (Lenneberg 1973). The criti-§ 
cisms concerning language are not | 
entirely without force. Thus, though | 
connectionist theory acknowledges in f 
a general way grammatical limita- J 
tions in the various aphasias, it has j 
nevertheless failed to offer any de* | 
tailed account of the structures in-1; 
volved in grammatical descriptions. 1 
In this respect, the notion that infer-1: 
mation is transmitted from Wei-1 
nicke’s area to Broca’s area in an r 
“auditory form” seems too vague a v 
metaphor for capturing the manner in f 
which language is represented in the | 
brain. f 


language was coded into articulatory 
form. By contrast, Wernicke’s area 
was thought to be critical to the rec¬ 
ognition of spoken language. Further, 
under the assumption that the “au¬ 
ditory form of words” needed to be 
relayed from Wernicke’s to Broca’s 
area for the programming of speech, 
damage to Wernicke’s area was ex¬ 
pected to lead also to a speech disor¬ 
der—which it does (see Geschwind 
1970), Other linguistic faculties such 
as reading and writing could be ac¬ 
counted for by identifying them with 
additional interconnected cortical 
regions, as could the disruption of 
these faculties under conditions of 
focal brain damage. 

Wernicke’s original formulations and 
more recent extensions of the theory, 
notably by Geschwind, have been 


Less compelling are the criticisms of 
the anatomico-physiological foun- j 
dations. To be sure, connectionist \ 
theory invites the inference that it has 
produced a strange “machine”—one k 
with an unanalyzed capacity either to >. 
speak or to comprehend in the same | 
way when its components are dis- 
connected as when they are joined | 
together (Marshall, in press). Yet this 1 
inference is not a necessary conse- 
quence of the theory. Moreover, such ; 
criticisms yield no neurological im- f: 
perative. It is not clear from theac- 
counts of Head (1926) and Lenneberg J 
(1973) how neurophysiological theo-1 ; . 
rizing of their sort should enter into | 
an analysis of the relations between 1- 
the brain and language. After all, j, 
whatever the effect of a lesion or 
physiological function, however^ 
broadly based the alteration to cere-. 
bral activity, and however extensive 
the internal physiological readjust¬ 
ments within a complex hierarchy 
(Lenneberg 1973), it is manifest that [ 
at some level of neural organization |; 
the effect of focal damage upon Ian- j : 
guage is selective. Faced with these 
criticisms and with the need to pro¬ 


vide a more detailed account of the 
language impairments in question, 
some have responded by attempting 
to redefine the “centers.” Connec- 
tionist theory still appears too helpful 
to abandon. 

Redefining the centers 

The task of integrating neurology and 
language processing theory is 
rooted-like earlier connectionist 
theories—in the assumption that the 
faculty of language can be broken 
down into a complex set of interacting 
constituent systems. In contrast to 
the initial connectionist formulations, 
however, the emphasis here is on 
distinctions among types of linguistic 
' information: phonology (that is, in¬ 
formation concerning the sound 
structure of an utterance); syntax 
(information about grammatical 
forms—for example, noun or verb 
phrases-and their structural rela¬ 
tionship in the utterance); and se¬ 
mantics (information concerning the 
meaning of the utterance). 

Whether the focus is on speaking or 
listening, a two-fold characterization 
is ideally sought. On the one hand, an 
attempt is made to detail the nature 
of the internal representation of each 
type of information (i.e. the format of 
each level of representation, whether 
phonological, syntactic, or semantic); 
and on the other hand, there is an ef¬ 
fort to describe the nature of the 
processing systems that implement 
these structural representations in 
the act of speaking or listening by 
encoding and decoding information. 
The first of these areas of inquiry 
constitutes the domain of linguistics, 
while the second is the territory of 
psycholinguistics, 

Neurolinguistics merges these two 
concerns with those of neurology, re¬ 
quiring that the constituent systems 
sketched above be represented in the 
brain as discrete functions, as well 
as—given the well-established typo¬ 
logy of the aphasias—in a manner 
that is neuroanatomically discema- 
ble. In effect, neurolinguistics aims to* 
determine the extent to which lesions 
in the various language centers se¬ 
lectively disrupt one or another of the 
constituent linguistic systems, and, 
more ambitiously, to use data about 
such disruptions to sharpen our de¬ 
scriptions of these systems. 

To my mind, this form of analysis has 


already shown considerable promise 
in disentangling syntactic and se¬ 
mantic computation and in attribut¬ 
ing the syntactic process to a “center” 
that depends in a complex and as yet 
unknown fashion upon the integrity 
of the anterior portion of the left 
hemisphere. The precise issue that 
has been addressed is whether the 
processing of sentence structure is 
performed independently of the se¬ 
mantic consequences of such struc¬ 
ture. In other words, can the princi¬ 
ples governing syntactic processing be 
stated without appealing to semantic 
variables, that is, to the meaning of 
the individual lexical item? And if so, 
does this independence reflect a spe¬ 
cifically neurological separation? 

The syndrome that has been exam¬ 
ined most extensively with this issue 
in mind is Broca’s aphasia (see, e.g., 
Caramazza and Berndt 1978). Indeed, 
in what follows I will be concerned 
almost exclusively with this syn¬ 
drome, for unfortunately a positive 
characterization of Wernicke’s 
aphasia along the lines sketched 
above still eludes us. 

Comprehension in 
Broca’s aphasia 

In studying Broca’s aphasia for the 
past several years, I and others have 
focused on two main aspects:' (1) the 
clinical manifestation of a dissocia¬ 
tion between the processes of com¬ 
prehension and speech, with com¬ 
prehension remaining relatively in¬ 
tact, while speech is noticeably dis¬ 
rupted; and (2) the telegraphic or 
agrammatic nature of the speech. The 
dissociation between comprehension 
and speech raises several possibilities, 

It could mean, first of all, that the 
cortical tissue affected in Broca’s 
aphasia is not importantly involved in 
specifically linguistic activity. This 
notion has been embraced by a num¬ 
ber of investigators, who tie it in with 
the characteristic telegraphic speech 
by attributing the latter to a problem 
of motor coordination of the speech 
apparatus. In this view, the strain of 
speaking is held to confine the patient 
to the barest minimum of words that 
convey information, and conse¬ 
quently to an agrammatic style. 

A second possibility-one that bears 
more interestingly on points of con¬ 
nection between linguistic func¬ 
tioning and neurological organiza¬ 


tion—is that although we engage 
phonological, syntactic, and semantic 
information in both listening and 
speaking, this information is imple¬ 
mented in different ways in the two 
activities, How the separate faculties 
of comprehension and speech reflect 
the structural constraints of the lan¬ 
guage is after all an empirical ques¬ 
tion, as is the extent to which the two 
share processing components. 

As it happens, neither of these two 
possibilities has fared especially well 
in recent research (Zurif and Blum- 
stein 1978). Rather, it seems that 
patients with Broca’s aphasia do have 
comprehension difficulties and that 
these are simply less evident than 
their speech disorders. 

In support of this notion, consider a 
study that Alfonso Caramazza and I 
carried out some time ago (Cara¬ 
mazza and Zurif 1976). We used a 
procedure in which sentences were 
matched with pictures to test Broca’s 
aphasics’ understanding of sentences 
in which one clause is embedded in 
another. The sentences varied in the 
degree to which they could be un¬ 
derstood on the basis of semantic and 
pragmatic cues, independent of syn¬ 
tactic analysis. We observed that the 
agrammatic Broca’s aphasics per¬ 
formed successfully on the test to 
precisely the extent that they could 
apply a “probable event” strategy, 
Thus they could understand sen¬ 
tences like “The apple that the boy is 
eating is red,” in which the relation¬ 
ship between the nouns “apple” and 
“boy” is semantically constrained, 
But they failed to understand sen¬ 
tences such as “The girl that the boy 
is chasing is tall,” where either of the 
nouns may plausibly be assigned a 
given semantic role. That is, boys can 
chase girls and vice versa, and the 
relation of these two items to each 
other in a particular sentence requires 
syntactic decoding. 

This and similar studies make the 
point that Broca’s aphasics under¬ 
stand a sentence primarily by inferr¬ 
ing what makes factual sense from a 
sampling of the major lexical items of 
the sentence—its nouns and verbs— 
independent of syntactic structure, i 
When they cannot make use of se¬ 
mantic and pragmatic cues their 
comprehension fails (see Zurif and 
Blumstein 1978 and Zurif and Cara¬ 
mazza 1978 for summaries of relevent 
studies). 


^American Scientist. Volume (18 






The objection might be raised that 
the comprehension difficulties de¬ 
tected here may reflect not a linguis¬ 
tic deficit but rather some undiffer¬ 
entiated loss of cognitive power. After 
all, comprehension of a sentence de¬ 
pends on the capacities of memory 
and perception no less than on 
grammatical capacity; most accounts 
of comprehension, for example, hold 
that a sentence must be stored in, 
working memory to allow linguistic 
analysis to be performed. Pertinent to 
this line of reasoning is the fact that 
the sentences we used were unusually 
lengthy and were, moreover, pre¬ 
sented orally. It might be argued, 
therefore, that Broca’s aphasia affects 
working memory in such a way that 
when a brief sampling of the major 
lexical items of a sentence cannot be 
employed to “short cut’’ a full syn¬ 
tactic analysis, the input is no longer 
available, fading from working 
memory before a meaning can be as¬ 
signed. 

There are, however, a number of 
findings that blunt the force of such 
an interpretation. In general these 
findings indicate that even in situa¬ 
tions that minimize demands on 
memory—for example, when the 
sentences to be analyzed are pre¬ 
sented in written form and are thus 
always in view—Broca’s aphasics are 
unable to deal fully with structural 
relations (Kolk 1978; Zurif and Car- 
amazza,^; von Stockert and Bader 
1976). In particular, they are unable 
to use grammatical morphemes— 
“closed-class” items such as articles 
and auxiliaries, a category which I will 
discuss in more detail below—as 
syntactic placeholders marking the 
boundaries between the parts of a 
sentence. They seem, that is, to have 
: little comprehension of the structural 
roles played by these closed-class 
vocabulary items, a characteristic 
which parallels this tendency to omit 
grammatical morphemes in speech. 

To be sure, few clinicians have 
claimed that comprehension in Bro¬ 
ca’s aphasia is entirely normal; wit- 
/ ness the hedge “relatively” invariably 
applied to the phrase “intact com¬ 
prehension,” and the general aban¬ 
donment of the terms “receptive” and 
“expressive" aphasia. Even so, the 
emphasis on a distinction between 
omprehension and speech has 
nded to obscure the fact that not 
nly do Broca’s aphasics have com- 
rehension difficulties, but these 


difficulties parallel in important ways 
those of their characteristic speech 
disorder. The deficit in both seems to 
turn on processes that govern gram¬ 
matical morphemes, or closed-class 
items. In comprehension as well as in 
speech the syntactic features repre¬ 
sented by these items are poorly 
controlled. 

Syntactic processing 

Even granting that Broca’s aphasics 
are unable either to produce or re¬ 
cover syntactic facts, this limitation 
still needs to be defined in terms of 
the processes involved. Does the 
agrammatism of Broca’s aphasia 
represent the selective impairment of 
a component specifically geared to 
the processing of syntax? Or do se¬ 
mantic variables also enter into the 
failure of Broca’s aphasics to deal 
with grammatical morphemes? In 
broad terms, is the distinction be¬ 
tween sentence form (syntax) and 
sentence meaning (semantics) upheld 
in terms of neurologically distinct 
processing systems? 

In approaching this issue, it is im¬ 
portant to keep firmly in mind the 
distinction advanced earlier between 
the processing constitutents, on the 
one hand, and the character of the 
structures that they yield or imple¬ 
ment, on the other (Kean 1977 and in 
press). 1 will deal here only with pro¬ 
cessing, and more specifically with an 
account of processing that hinges on 
the division between content 
words—“open-class” items—and 
grammatical morphemes—“closed- 
class” items. 

The open class, consisting of the 
major lexical categories of noun, verb, 
and adjective, is so called because new 
vocabulary items may be freely added 
as the occasion demands. This class 
has a very large number of members, 
varying greatly in length and fre¬ 
quency of occurrence and normally 
ambiguous as to grammatical cate¬ 
gory (for example, “spring,” “felt," 
and “cast” can each occur as either 
noun, verb, or adjective), By contrast, 
the closed class is a small, relatively 
fixed set of words consisting of the 
minor lexical categories of deter¬ 
miners, prepositions, quantifiers, and 
auxiliary elements, as well as the 
bound morphemes—for instance, 
those signaling tense and number, or 
those used to derive adverbial or 
nominal forms. Vocabulary items are 


less frequently added to the closed 
class. 

Bradley (1979 diss.) has pointed out 
that the interpretive burdens of open- 
and closed-class items differ in an 
important way: open-class items 
generally bear reference, while 
closed-class items often primarily 
support analysis of sentence struc¬ 
ture. It is to be expected that this ^ 
distinction will have important con- \ 
sequences for the characterization of j 
a processing device which is geared to 
the computation and representation 
of syntactic facts. v 

That closed-class items support syn¬ 
tactic analysis is clearly seen in the 
case of “jabberwocky.” Although 
meaning is absent in these nonsense 
sentences, we nevertheless have the 
clear impression that certain “words” , 
are nouns, others verbs, and so on. \ 
This is because the closed-class words ' 
in jabberwocky permit the assign- (• 
ment of class membership to the 
other, nonsense words. | 

In spite of the fact that these two vo- I 
cabulary types appear to play strik-1 
ingly different roles in the processing 
of language, it is only very recently f 
that a distinction between the two has; 
been explicitly incorporated in mod -1 
els of sentence processing, and that j 
the concept of a device geared to the f 
assignment of syntactic constituents | 
has emerged. One promising line of i 
research, undertaken by Dianne j\ 
Bradley and Merrill Garrett (un- j 
publ.), focuses on the relation be-1 
tween syntactic processes and the way | 
in which processes for retrieving ; 
items from the lexicon are organized. ; 
Specifically, Bradley and Garrett 
have tested the possibility that the » 
processes of comprehension normally I 
exploit the difference between open- \ 
and closed-class vocabulary items l 
very early in the sequence, thus fa- : 
cilitating rapid access to information : 
about features of sentence form. This 
indeed seems to be the case: the two 
classes appear to be separated at a 
very early stage in processing, namely 
at the stage of mentally “looking up" I 
individual lexical items. \ 

The word-recognition tests used to £ 
establish this claim have also been 
administered to patients with Broca’s ; 
aphasia, and their performance has f 
been found to differ in important ( 
ways from that of normal control 
subjects. This difference will be best j 


understood if the results obtained by 
Bradley and Garrett from neurologi¬ 
cally intact subjects are first sum¬ 
marized briefly. 

In their experiment the investigators 
presented each subject with a series 
of combinations of written letters. 
The subject was asked to decide in 
each case whether or not a given array 
of letters constituted a word in his 
language, and reaction times for these 
decisions were measured. The aim of 
this procedure was to determine 
whether features that characterize 
the recognition of open-class forms 
also play a part in the recognition of 
closed-class items. 

It has repeatedly been observed that 
the more frequent an open-class item 
is in the language, the more rapidly it 
is classified. This robust effect has 
been variously interpreted as re¬ 
flecting the strength of stored repre¬ 
sentations (Morton 1969) or search 
order (Forster 1976). Whatever the 
interpretation, most important in the 
present context is the fact that reac¬ 
tion times for closed-class items are 
not subject to the same frequency 
effect (Fig. 2). There thus does not 
appear to be a single retrieval mech¬ 
anism to engage the mental repre¬ 
sentations of both vocabulary classes. 
Rather, in the intact brain these two 
classes appear to be contacted in dif¬ 
ferent ways. 

A second feature of open-class re¬ 
trieval investigated by Bradley and 
Garrett concerns the way in which the 
input is processed initially. The re¬ 
action times of subjects confronted 
with a non word are longer if the first 
segment of the letter array constitutes 
a real word. Subjects take longer to 
classify “padlato” as a nonword, for 
example, than they do “paslato”; the ; 
former contains the open-class item < 
“pad,” while the latter does not con- \ 
tain a real word as a first syllable. 
These findings suggest that the initial ( 
process of recognition does not take i 
account of the entire input all at once, i 
but rather scans it from left to right, i 
beginning with the first syllable. Ac- j 
cordingly, in the case of “padlato” a i 
temporary error results, which is re¬ 
flected in the raised reaction time. i 
■ ■ j 

Again, however, this is not found to be ] 
true for closed-class words. The re- i 
action time for classifying an “open- ( 
class” nonword like “worderty” ex- 1 
ceeds that for classifying a control \ 
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Figure 2, The reaction times of normal subjects 
asked to decide whether a given array of letters 
constituted a word in their language were 
studied in two experiments, In the case of 
open-class words (nouns, verbs, and adjec¬ 
tives), the reaction times of the subjects were 
found to vary with the frequency of the item in 
the language; the more frequent the word,,the 
more rapidly it was classified. This was not true 


nonword like “nacherty,” which does 
not have an open-class item as an 
initial stem; but classifying a 
“closed-class” nonword like “such- 
erty,” which has as its first syllable 
the quantifier “such,” takes ap¬ 
proximately the same amount of time 
as classifying “nacherty” (Fig. 3). 

Once more, then, the data suggest 
that there is a separate routing for the 
retrieval of open-class as opposed to 
closed-class items. In effect, apart 
from semantic forms of organization, 
the lexicon seems to be organized in 
such a way as to facilitate syntactic 
processing—that is, to enhance access 
to information about features of 
sentence form, We are able to hy¬ 
pothesize that the separate procedure 
for retrieving closed-class items pro¬ 
vides input to a “parser,” permitting 
the construction of a frame which in 
turn determines the assignment of 
open-class words to their form 
class—an article, for example, es¬ 
tablishing that the next content word 
will be a noun, an auxiliary element 
indicating that the next content word 
will be a verb, and so on. 


for closed-class words (grammatical mor¬ 
phemes), suggesting that in the intact brain the 
two classes are processed differently. The fre¬ 
quency of occurrence per million for all graphs 
is expressed in units logarithm base 10. (Figs, 
2-5 after Bradley, Garrett, and Zurif, in the 
forthcoming Biological Studies of Mental 
Processes, ed. Caplan, © 1980 by MIT., by 
permission of MIT Press.) , 


Bradley and Garrett to test a group of 
Broca’s aphasics and a group of hos¬ 
pitalized but neurologically intact 
control subjects (Bradley et al., 
press; Bradley et al., unpubl,). 

The aphasic patients carried out the 


Effects of brain damage 

In an effort to determine whether the 
agrammatism of Broca’s aphasia 
could be reconstructed in the light of 
these findings, we used the same ex¬ 
perimental procedures employed by 


J J .__ 

closed class open class 
Nonword type 

Figure 3, When presented with a nonword that 
had an open-class item as its first syllable, 
normal subjects took longer to decide whether 
or not the nonword constituted a word in their 
language. (The nonword baseline indicates the 
reaction time for classifying a nonword that 
begins with a nonsense syllable.) By contrast 
it took approximately the same amount of time 
to classify a nonword beginning with a closed- 
class item as it did to classify a nonword that 
began with a nonsense syllable. Again, the data 
suggest that open- and closed-class items are 
retrieved by separate routes. 
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Figure 4, In experiments comparing the per- word in the language; this effect was not 

formance of Broca’s aphasics with that of a present in the case of closed-class words, The 

control group consisting of hospitalized but Broca’s aphasics, however, made no distinction 

neurologically intact patients, the reaction between the processing of the two classes of 

times for the normal subjects varied in the case words; reaction times for both open- and 

of open-class words with the frequency of the closed-class words decreased with frequency. 


prescribed tasks easily. They showed 
no unusual error rates, and they pro¬ 
duced reaction times that, although 
elevated, were within the range of 
those shown by the control subjects. 
However, a very clear difference be¬ 
tween the Broca’s aphasics and the 
control subjects could be observed 
(Figs. 4 and 5). In striking contrast to 
the neurologically intact subjects, the 
Broca’s aphasics showed no process- 
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Figure 5. Normal subjects in the control group 
| took more time to classify a nonword beginning 
with an open-class item, whereas classifying a 
nonword beginning with a closed-class item 
: took about the same amount of time as classi¬ 
fying a nonword beginning with a nonsense 
syllable (see nonword baseline). This distinc- 


ing distinction between the two vo¬ 
cabulary classes, although clearly 
recognizing words of both classes. 

Given this evidence, it does not ap¬ 
pear that the grammatical problem in 
Broca’s aphasia amounts to a simple 
dropping out of grammatical mor¬ 
phemes; after all, the patients recog¬ 
nized these items as belonging to their 
language. A more reasonable hy- 
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Nonword type 

tion was strikingly absent in the performance 
of the Broca's aphasics, Their reaction times for 
classifying nonwords beginning with both 
open- and closed-class items were approxi¬ 
mately the same, in both cases far exceeding 
the reaction time for classifying nonwords be¬ 
ginning with nonsense syllables. 


pothesis at this stage is that the rela¬ 
tive inability of Broca’s aphasics ei- j 
ther to produce closed-class items in 
speech or to make use of them in ? 
comprehension is tied to a disruption ; 
of the specialized mechanism for re¬ 
trieving closed-class items, foreclosing 
the ability to use these items as syn¬ 
tactic placeholders. I, 

It must be emphasized that the fail¬ 
ure to distinguish between open- and 
closed-class elements appears to be ' 
related specifically to the agramma¬ 
tism associated with damage to the 
anterior of the left hemisphere; it does 
not seem to reflect either brain dam¬ 
age in general or posterior lesions in 
particular. Pertinent here are the (. 
performances in the tests I have de- In¬ 
scribed of four fluent aphasics with f 
posterior lesions of the left hemi- I 
sphere. Three of these patients were j 
classified as cases of anomic apha- E 
sia-~a form of aphasia characterized | 
by difficulty in finding words coupled (;• 
with fluent, seemingly grammatical ! 
utterances—while the fourth was 
diagnosed as a mild case of Wei- t 
nicke’s aphasia. Of the four, one per- | 
formed in an uninterpretable way, l 
corresponding to neither the Broca’s l 
aphasics nor the control patients, ( 
However, the remaining three pa-1 
tients with posterior lesions showed ! 
the normal differentiation between I 
the two vocabulary classes. I 

To be sure, these studies of aphasia J 
have taken their lead from an account j 
of normal language processing. But 1 
the findings that have emerged thus I; 
far suggest that this debt is being I . 
repaid in important ways. First of all, f. 
the data from aphasia studies not | 
only heighten the plausibility of the p- 
separation of functions specified in [ 
the “normal” model; they also com- Im¬ 
plicate the model in an interesting I : 
way, Relevant here is the fact that 
although Broca’s aphasics seem to | 
have lost the specialized mechanism . 
for retrieving closed-class forms, they j 
nonetheless recognize these forms as j. 
belonging to their language. Assum- 
ing that brain damage does not create _ 
new systems for processing informal\ 
tion, but rather disrupts those that J 
exist, it seems reasonable to conclude . 
that the closed-class items are nor-: i 
mally doubly registered in two “bins": y 
one that is accessible only through the j. . 
special closed-class retrieval media- k 
nism and a second that includes also \ 
the open-class items. In the intact; |: 
brain the successful operation of the a 


closed-class retrieval system pre¬ 
sumably inhibits the operation of the 
system providing access to the second 
bin—a system which is sensitive to 
such factors as frequency. Possibly 
this second bin will be discovered to 
have a predominantly semantic 
function. 

Second, the data from aphasia re¬ 
search also attest to the adequacy of 
the model of the intact brain as far as 
neurological organization is con¬ 
cerned. Since the damage to the an¬ 
terior of the left hemisphere that 
produces Broca’s aphasia specifically 
undermines the manner in which 
lexical recognition appears to be or¬ 
ganized to support syntactic analysis, 
it seems that this aspect of processing 
is discretely realized in the brain, ex¬ 
isting apart, that is, from semantic 
forms of organization. 

Further, even as these data indicate 
a separation of syntactic and seman¬ 
tic functions, so too they suggest that 
the processes underlying compre¬ 
hension and speech intersect pre¬ 
cisely at the point at which the dis¬ 
tinctions of lexical storage described 
here are exploited. The evidence that 
Broca’s aphasics are agrammatic in 
their comprehension as well as in 
their speech is certainly consistent 
with this possibility. 

Breaking the code 

Clearly we are nowhere near a neu¬ 
rophysiology of language—a theory 
that, for example, characterizes the 
manner in which linguistic structure 
is coded by the brain. However, it 
should be equally clear that we are at 
least starting to break down language 
into separate functions in a manner 
that is also honored by the brain. As 
Marshall (in press) states, we are be¬ 
ginning to discover computational 
units “that can be interpreted as parts 
of a workable mechanism.” These 
parts, moreover, have been pin¬ 
pointed neuroanatomically, however 
complex might be the relationship 
between the neuroanatomical loca¬ 
tion and the neurological organization 
of the computational unit. 

Although the data presented here 
constitute only a very small part of a 
plausible neurolinguistic theory, they 
nontheless support the notion that 
the agrammatism characteristic of 
Broca’s aphasia reflects a loss of pro¬ 
cesses geared specifically to the re¬ 


covery of syntactic facts. There thus 
appears to be a natural neurological 
separation between the function of 
processing sentence form and that of 
processing semantic representations. 
This evidence can be taken as an en¬ 
couraging sign that it is possible to 
connect cognitive and neurological 
organization in the domain jof lan¬ 
guage. 
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The Scientists’ Bookshelf 


The Basin of Mexico 

Ecological Processes in the Evolution 
of a Civilization. William T. Sanders, 
Jeffrey R. Parsons, Robert S. Santley. 
Studies in Archaeology. 561 pp., 25 
maps separately boxed. Academic 
■ Press, 1979. $49.50. 

For 15 years, teams led or inspired by 
Sanders have searched 3,500 km 2 of the 
Basin of Mexico, recording 3,864 ar¬ 
chaeological sites, excavating several and 
providing an unprecedented history of 
settlement in that region from 1500 B.c. 
to Spanish arrival in A.d, 1519, Their la¬ 
bors are synthesized here in a work of 
sweeping vision and fundamental con¬ 
cerns. 

After a short historical introduction, 
survey techniques, the scaling of refuse 
densities, site classification, and popula¬ 
tion estimation are discussed, The weak¬ 
nesses of the procedures—-acknowledged 
for the most part with candor—are illus¬ 
trated by the difference between popu¬ 
lation figures that Santley derived from 
excavations at Loma Torremote and 
surface-derived figures, a factor of 2-4, 
(The estimates adduced for El Arbolillo, 
Zacatenco, and Ticoman seem to me es¬ 
sentially fictional and of no value as 
checks on surface procedures,) I believe 
that refuse density is best excluded from 
such calculations, an alternative that will 
( have to be tested, 

: The 9 environmental zones of the study 
are unquestionably significant, though I 
wish the authors had recognized, as a 
logical parallel to their “saline lakeshore,” 
a “sweet-water lakeshore” to distinguish 
a strip of land whose attributes may bear 
uniquely on the earliest farming practices 
in the region. 

The new “neutraF chronological terms 
are placed in parallel with other schemes 
in a table. In view of current usage, how¬ 
ever, it seems confusing to designate 
subperiods as “phases,” and, as the au¬ 
thors admit, the chronology itself remains 
rudimentary and uncertain in parts—an 
astounding situation after 15 years of 
work. After all, the Virit Valley Project 
was one of the models to inspire Sanders 
originally, and seriation was practiced in 
the Basin in the early 1920s and again in 
1953, . 


the 

BASIN 
OF MEXICO 


The settlement and population history 
of the Basin, whatever revisions it may 
require in the future, stands now as an 
impressive array of information, a major 
contribution. It makes possible many in¬ 
teresting comparisons (as between Teo- 
tihuacan, Tula, and Tenochtitlan) and 
dovetails promisingly with the docu¬ 
mentary evidence. At the level of detail, 
I often disagree with the snyopsis of the 
earliest periods, partly because I know 
these best, partly because the margin of 
uncertainty for early sites is particularly 
large, and partly because the authors are 
careless in their transcription of the 
findings of others, 

A characteristically informative and 
insightful treatment of agriculture is by 
Sanders, with sections on wild foods and 
other resources by Santley. The modeling 
of the deer population through time is 
enlightening, but the summary of food 
bones from excavations is, in some parts, 
misleading, Data and interpretations re¬ 
lating to dogs, fish, and beans are flawed, 
while the figures on wild plants are, ap¬ 
propriately, wild. 


. In dealing with the economic and so¬ 
ciopolitical meaning of some of the evi¬ 
dence, the authors define the evolutionary 
grades they seek to recognize, then review 
data from the late First Intermediate site 
of Loma Torremote (Atlamica), dug by 
Santley, and the Middle Horizon site of 
Maquixco, dug by Sanders. The inferen¬ 
ces made about each are interesting, often 
plausible, sometimes farfetched. The 
conclusion that all communities contem¬ 
porary with Loma Torremote were 
“probably behaving in the same manner" 
seems incompatible with the existence of 
Cuicuilco and the suggestion that settle¬ 
ments, at an even earlier date, differed as 
wholes in rank, 

Sanders suggests that for the first 1,500 
years the essential processes were popu- \ 
lation growth, the local buildup of pres¬ 
sure on resources, and the out-migration ( 
of settlers who preferred to move rather [ 
than to work harder. The figures for l 
carrying capacity and population are seen 
as supporting this model, which at the ; 
same time allows for a realistic degree of [ 
indeterminism. Thus, land available to f 
the migrant is said to be “culturally tie- f 
fined,” land scarcity depends on "per- [' 
ception,” Carneiro’s “social circumscrip- | 
tion” may create pressure in the absence I; 
of physical barriers, and carrying capacity I : 
is upwardly mobile. Though sociopolitical I; 
change is concurrent with these trends;; f 
the threshold of stratified urban society f 
is crossed only when generalized pressure i 
on resources compels intensification of I 
land use and, specifically, hydraulic ag- S 
riculture. 

The interrelated changes at that point 
(specialization, urbanization, social | 
stratification, political centralization, jy 
conflict) are seen by Sanders as caused \ 
essentially by intensive land use, though | 
he acknowledges several feedback loops. I 
It must be admitted here that archaeology ! 
Is of limited assistance in designing a A 
model that relates all of these variables Ip m 
one another, Sanders’s position is thus 
only one of many compatible with the | 
data and stems more from a theoretical If. 
calculus, inspired by Wittfogel, than fa | 
decisive evidence. His critique of critiques I 
of Wittfogel makes some telling points.: | 
Yet many will disagree, for example, with 1, 
the downgrading of foreign trade, the f 
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neglect of warefare, and the omission of 
religion in his model. 

Like sex, foreign trade here is the flow 
of information more than it is the flow of 
energy. To minimize it because few kilo¬ 
calories are involved seems absurd. 
Moreover, negligible increments of energy 
are quite sufficient to upset certain equi¬ 
libria, and feedback, once triggered, bor¬ 
rows energy in its neighborhood and need 
not import it over long distances. As for 
warfare, its effects on Aztec society are 
well documented. If Sanders does not 
follow David Webster in giving it a role in 
the transition from ranking to stratifica¬ 
tion, it is perhaps because he is unwilling 
to see the Aztec as replaying parts of a 
scenario written some 1,500 years earlier. 
And pilgrimage, conquest, and foreign 
trade would seem to be precisely the 
“imperial" mix of functions that, for some 
geographers, creates a primate distribu¬ 
tion of settlement size, a possibility 
Sanders rejects for Teotihuacan. 

Generally, it is clear that we are unable, 
at present, “to choose the 4 or 5 variables 
that explain 80% or more of the variety 
recorded in the archaeological record” and 
that there are no shortcuts toward this 
goal. As Sanders wisely concludes: “Our 
principal success has been in the realm of 
posing better questions.” Unless some¬ 
thing is done soon to encourage further 
work in the Basin, even the questions may 
never get any better, for the sites are being 
destroyed rapidly.— Paul Tolstoy, An¬ 
thropologic, University de Montreal 

The Ecological Approach 
to Visual Perception 

James J, Gibson, 332 pp. Houghton 
Mifflin, 1979. $18.95. 

James Gibson spent a lifetime 
studying, experimenting, theorizing, and 
thinking about visual perception, espe¬ 
cially the kind of perception involving 
whole organisms moving in and perceiving 
natural environments. His thinking at 
various stages has been described in two 
other books, published in 1950 and 1966. 
The ideas expressed in this latest book 
were certainly foreshadowed in his earlier 
ones, but this is by far the most complete 
statement of a coherent theoretical posi¬ 
tion that Gibson has made; While his po¬ 
sition is sufficiently broad that it cannot 
readily be encapsulated in a few words, 
several major concepts give the general 
flavor of his thinking. 

As the title suggests, the idea of eco¬ 
logical optics is one of the most important. 
Introduced in the author’s 1966 book, 
ecological optics is concerned with an 
understanding of how light is structured 
to give the organism important informa¬ 
tion for understanding and coping with 
the environment. The three major com¬ 
ponents of the visual environment are 
medium (through which an organism 
moves), substances (which form the 
objects in the environment), and surfaces 


(the interfaces between media and sub¬ 
stances). 

A second major concept is that of in¬ 
variants, which are higher-order proper¬ 
ties of the light array that provide the 
actual information about the environ¬ 
ment. An invariant property remains the 
same even with change in illumination, in 
the observing position, or in the ambient 
array itself. Examples which come to 
mind are invariant ratios of reflected light 
and of detail of the sort that specify 
texture and thus have much to do with the 
perception of surfaces. 

The idea of a perceptual system, the 
major theme of Gibson’s second book, is 
completely integrated into his latest 
thinking, He proposes that we do not 
perceive with a retina and certainly not 
with a cell on the retina; rather, we per¬ 
ceive with a system of perceptual organs 
which not only includes both eyes (in the 
visual case) but also kinesthetic infor¬ 
mation, information about our observing 
location, about the relations between 
body parts such as the head and the neck, 
and about the body’s position relative to 
gravity. Perception uses all of the coor¬ 
dinated information, not just sensory 
components. 

The last major concept is introduced 
for the first time in this book: the idea of 
“affordances,” a neologism as a noun, but 
readily understood in its verb form. Af¬ 
fordances are what the environment offers 
to an organism, the ability to stand on it, 
to grasp it, and to use it as a tool. They are 
properties of the environment (still in¬ 
variant properties) that are referenced to 
the observer. 

One might ask about Gibson: what, 
over the years, has remained invariant 
and what has changed? The emphasis on 
information rather than energy as im¬ 
portant in perception has remained the 
same. Gibson is and always has seen 
himself as a psychophysicist interested in 
the relation between psychological and 
physical events. But for him the physics 
is complex, having to do with information 
about the environment, not information 
about a simple stimulus. What has 
changed is a steady increase in concern 
about the role of the perceiver, a change 
that led first to the idea of perceptual 
systems and now to the idea of affordan¬ 
ces, properties of specific functional value 
to the organism. . 

Gibson has been willing to theorize well 
beyond the bounds of easy experimenting. 
Much of what he says in this book has a 
ring of truth to it but will not be easy to 
convert into experiments, certainly not 
into the typical laboratory experiment of 
most perceptual psychology, The flavor 
of the book is almost epistemological 
rather than experimental, and Gibson was 
well aware that he extended his thinking 
beyond current experimental techniques. 
Yet it is good that somebody has done 
that, for there is a wisdom in Gibson’s 
thinking that is probably closer to the 
truth about perception than the knowl¬ 


edge which comes from our laboratory 
experiments. 

Unfortunately, James Gibson died just 
a few months after the publication of his 
latest work. This book will thus stand as 
a memorial, and even a monument, to a 
man who felt that thinking and theorizing 
was a very important component of the 
science of perception,— Wendell R. Gar¬ 
ner, Psychology, Yale University 

A Voice Crying in the 
Wilderness 

Essays on the Problems of Science 
and World Affairs. Bernard T. Feld. 
310 pp. Pergamon Press, 1979. $25. 

As the 1980s begin amid increased 
diplomatic tension, and even a brutal 
invasion, who works intensively for arms 
control? Bernard Feld does. He is an in¬ 
formed and passionate advocate of bold 
initiatives to achieve substantial reduc¬ 
tions in arms. This stimulating volume 
collects many of his articles, lectures, 
letters, and book reviews, all previously 
published between 1.962 and 1977, The 
book’s cover—a reproduction of The 
Scream by Edvard Munch—and main 
title are apt images because the control¬ 
ling of arms is lonely and often misun¬ 
derstood in a world ripped by disease, 
hunger, conflict, and downright bul¬ 
ly ism. 

Feld has been remarkably consistent 
during the 60s and 70s, His essential 
arguments have been the same whether 
detente seems robust or fragile, whether 
the Soviet Union’s strength grows quickly 
or slowly, whether the U.S. thrives or 
stagnates. In general, he criticizes the 
strategic military programs of the United 
States, viewing them as the cause of an 
arms race. 

The book does not entirely fulfill the 
ambitious implication of its subtitle. 
Concentrating almost entirely on military 
topics, the essays here do not examine the 
many roles of science and technology in 
improving underdeveloped countries. 
More surprising for a physicist with such 
humane purposes, his collected papers 
also neglect the importance of science at 
the human level—as an intellectual 
challenge, pursued internationally and 
nurtured best by freedom. 

_ Feld is frankly proud of being an out¬ 
sider scientist, exemplified by his central 
role in Pugwash. Believing that insiders 
suffer from a "special disease” crippling 
their ability to solve problems of great 
political and psychological complexity, he 
has advocated that “the most; useful and 
patriotic thing scientists can do is to 
withhold their talents from the weapons 
field.” A “congenital optimist” among the 
world’s doves, he disparages the estab¬ 
lishment’s scientific advisors who were 
deeply involved with the “criminal idiocy 
of Nagasaki” and during World War II 
were “trapped by arrogance plus inexpe- ; 
rience.” 


1980 Sift 









Niels Bohr is said to have remarked 
that “it is hard to predict, especially the 
future.” Yel: Feld has tried to forecast 
complicated military trends in the hope 
of checking the most dangerous ones. He 
has a mixed record. In 1971. he believed 
that the ABM treaty might be “an open 
invitation for a technological ABM race”; 
yet that has not occurred at any serious 
level. He suggested in 1970 that the dis¬ 
solution of the Soviet empire was only a 
matter of time, yet there is so far no sub¬ 
stantial evidence of either a declining 
Soviet interest in empire or a reduced 
Soviet ability to enforce hegemony among 
its allies. Frequently, however, Feld has 
been cogent in his estimates, as, for in¬ 
stance, on the inpact of MIRV's for the 
strategic balance, and on the inevitable 
evolution of China as an independent 
power, 

Feld tends to give short shrift to the 
difficult strategic issues that connect 
military choices with long-range foreign 
policy, placing a nation’s interests within 
the shifting world context. In fact, he oc¬ 
casionally just gives up, as when he argues 
that military projections do not seem to 
be susceptible to rational analysis in terms 
of inferring the intentions of the USSR. 
Thus, despite considerable data showing 
more than a decade of unilateral U.S, re¬ 
straint and persistent Soviet commitment 
in strategic fields, Feld urges that further 
U.S. restraint would be both safe and re¬ 
ciprocated. Such an advocate ought to 
confront the full political and economic 
consequences, around the world, that 
might ensue if the already impressive 
Soviet military capabilities continued to 
mount, 

The author's lucid essays display the 
dedication, verve, and insight that have 
earned him leadership in the arms control 
community. Revealing the past genera¬ 
tion's hopes and failures in arms control, 
the book as n whole underscores the need 
to reevaluate how defense strategies, and 
then arms control, derive from our long- 
range choices on foreign policy goals. We 
must rethink coolly the risks in the next 

generation's outlook for peace,-.Rodney 

W. Nichols, The, Rockefeller University 

Cosmica! Magnetic Fields 

Their Origin and Their Activity. E. N. 

Parker. 841 pp, Oxford University 

Press, 1979. .$95. 

This is a remarkably fine hook.an 

excellent treatment of a topic whose im¬ 
portance is increasingly recognized, Par¬ 
ker regards the magnetic field as a “fas¬ 
cinating entity that, like a biological form, 
is able to reproduce itself and carry on an 
active life in the general outflow of star¬ 
light, and from there alter the behavior of 
stars and galaxies.” Most matter exists 
throughout the universe in an ionized, 
conducting state, the region inhabited by 
humans is, in this and many other re- 
gards, an anomaly, The universe is, almost 


everywhere, an excellent conductor of 
electricity. Because the time constant fur 
decay of an eddy current within a con¬ 
ductor increases as a square of its size, 
magnetic time constants for cosmic: sys¬ 
tems approach the age of the universe. 

After devoting the first 60 pages to 
setting the stage and providing a review 
of the required basic principles of elec¬ 
tricity and magnetism, Parker proceeds 
in the most elegant development imag¬ 
inable to show how these basic principles 
can he used to explain the behavior of 
magnetic fields on a cosmic scale. He 
further explains how planetary and stellar 
magnetic fields can be developed by 
magnifying the weak background field. 

The various treatments of individual 
topics tend to be self-contained. Thus, 
although there is some repetition from 
one chapter to the next, it is comforting 
that it is not necessary to read the entire 
book in order to understand a given topic. 
The book is written in typical Parker 
style—formal but with flashes of urbane 
wit.! felt that not enough simple clari¬ 
fying examples were provided. However, 
the topics are treated with such thor¬ 
oughness that the interested reader, with 
diligent effort, will have the satisfaction 
and the tutorial benefit of working out 
such examples for himself. 

This is an excellent reference book and 
can he used extensively by graduate stu¬ 
dents in astrophysics, interplanetary 
physics, and planetary magnetospheric 
physics. I would urge those interested in 
the topic of cosmical magnetic fields to 
invest in this book. You will congratulate 
yourself on the decision for years to come 
as you continue to consult it. A. J. 
Dossier, Space Physics and Astronomy, 
Rice University 


Physical Sciences 

Current Issues in Energy; A Selection 
of Papers. Chauncey Starr. 202 pp. 
Pergamon Press, 1979, $20 cloth, $10 
paper. 

Eleven essays, based on talks presented 
mostly in 1977 by Chauncey Starr, a 
widely respected expert on energy, deal 
with risk-benefit considerations, energy 
technology, and energy analysis and 
planning, They are easily readable for 
anyone with a scientific or technical 
background; there is little attempt to go 
into intricate technical detail, and points 
are made with straightforward explana¬ 
tions or by citing results of elaborate 
studies, 

One example of the many issues cov¬ 
ered in depth is a rebuttal of the frequent 
use of the fact that our ratio of energy 
consumption (E) to gross national prod¬ 
uct (GNP) is higher than that of some 
other prosperous countries, such as Swe¬ 
den, Germany, France, and Switzerland, 
to "prove” that U.S. energy usage has 
been irresponsibly inefficient, The author 


points out that our E/GNP ratio is ex- j 
needed in several countries, notably ! 
Norway, Canada, and the USSR. He notes ; 
that tourism, services, and light industry 
have a much lower E/GNP ratio than ; 
heavy industry and that such variables as : 
residential space per capita, climatic; need r 
for air conditioning, and average distance j : 
between home and work are important j 
contributors to energy consumption, i 
Especially interesting are comparisons N 
among various states—the ratio is about j 
four times higher in Wyoming, Louisiana, f 
and Texas than in Vermont, Connecticut, j 
and New Jersey. Starr shows that oil re- ; 
fineries in the United States consume 7 
more energy than those in Germany be¬ 
cause they produce a larger fraction of 
gasoline and jet fuel, which require more 
energy to crack heavy hydrocarbons, and 
that steel production in the United Slater ji 
uses more energy than that in Sweden j 
because our ores are lower grade and their f 
end products require more scrap sleel. He ;> 
points out that coal is often a less efficient }; 
fuel than oil and that it is often reasonable j 
to convert coal into oil or gas, a I though 
this throws away half of its energy. There j: 
arguments and several others are th»>r 
oughly supported with charts, graphs,and 
references. 

A i'ew other points strongly made are: 
the role of democracy in risk-benefit 
analysis should be to decide on the value 
system rather than to have the public go j 
through the details of the analysis; siuu v 
public perceptions often do not correlate f 
with actual risk, resource misallocalmm j. 
result; technology provides improved re- j 
spon.se to damaging events; in assessing ; 
risks of a technology, the risk of doing 
without it should be included; the public • 
perceives events with large loss of life;«*: 
fur more dangerous than what an ex- ! 
pected-value measure would predict; j 
voluntary risks are accepted much mow 
readily than involuntary ones; the link 
between nuclear power and weapon* 
proliferation is a very insubstantial one- - 
{1 if aeparate reasons); at most, only 87 of 
our electricity can be solar by the year 
2000; biomass and municipal waste will ; 
never provide more than a small per- : 
centagc of our electricity; ocean thermal 
gradients and wind will he several times 
more costly than coal or nuclear power; • 
technology can provide the answer tore- 7 
source depletion. 

But Starr’s strongest single point is lint; | 
energy is woven into the complex fabric 4 r- 
society in very complex ways. Any | 
changes should therefore be made "with I. 
a delicate scalpel rather than with su I 
axe," and our nation is in great peril if this \ 
complexity is not understood. It is diifi- m 
cult to do justice in this limited space to 7. 
Starr’s eloquent arguments on # 7 
point. 

All in all, the book makes excellent • \ 
reading for anyone interested in a survey : . 
of our energy situation by a recognized | 
expert .—Bernard L. Cohen, Physm, y 
University of Pittsburgh 
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Atomic Spectra and Radiative Tran¬ 
sitions. I. I. Sobelman. Chemical 

Physics, 1. 306 pp. Springer-Verlag, 

1979. $35. 

This volume comprises eight chapters 
excised from Sobelman’s monograph An 
Introduction to the Theory of Atomic 
Spectra (Pergamon Press, 1972), the heir 
apparent to the standard reference, 
Condon and Shortley, Two other chapters 
on the excitation of atoms and spectral 
line broadening are to be published as a 
companion volume. 

The greater part of the book is devoted 
to angular momentum theory, the sys¬ 
tematica of multielectron atoms, and 
radiative transitions. Three brief chapters 
cover hyperfine structure, the Stark ef¬ 
fect, and the Zeeman effect. Reviews of 
the hydrogen spectrum and some of the 
elementary systematica of optical spectra 
are also included. 

In some respeefe this volume is inferior 
to its predecessor. A chapter on the Dirac 
equation and relativistic corrections and 
all discussion of the Hartree-Fock equa¬ 
tion have been dropped. Other topics re¬ 
veal unneeded and sometimes graceless 
pruning. The text has been cut by about 
10%, numerous tables of illustrative data 
and many references to the literature have 
been eliminated, and the index has been 
much abbreviated. On the positive side, 
the discussion of multipole radiation has 
been slightly expanded and some tables 
of oscillator strengths and angular mo¬ 
mentum factors relevant to continuum 
processes have been added. 

The volume is presented in the attrac¬ 
tive format of the Springer Series in 
Chemical Physics. Nevertheless, if the 
second volume shares the shortcomings of 
the first, purchasing the set would he a 
clear case of paying more and getting less 
in comparison to buying the original 
complete volume, which is, incidentally, 
still in print.™Dom'd Kleppner, Physics, 
M.I.T. 

Atom-Molecule Collision Theory: A 
Guide for the Experimentalist. Richard 
B. Bernstein, ed. Physics of Atoms and 
Molecules. 779 pp. Plenum, 1979. 
$59.50. 

This 22-chapter collection is a guide to 
the theory, not a guide to the selection or 
rapid interpretation of experiments. 
Emphasis is properly placed on the limits 
and results of the theory rather than on 
derivations; little space is devoted to the 
results of calculations. With the exception 
of the last chapter, on surprisal theory, the 
entire book is devoted to a presentation of 
the standard, and unquestionably correct, 
theoretical framework for atom-diatom 
collisions. I know of no other work in 
which this theory is presented in such a 
comprehensive, useful, and understand¬ 
able manner—the volume is highly rec¬ 
ommended. 

In the standard treatment, the problem 
of predicting fully resolved potential (i,e. 


state-to-state differential cross sections 
at well-defined initial kinetic energy) is 
broken into two parts: finding the 3-body 
potential and solving for the dynamics of 
the collision processes governed by this 
potential. There are several well-chosen 
chapters on each of the following topics: 
obtaining a potential, general inelastic 
scattering theory, rotational excitation, 
vibrational excitation, and reactive scat¬ 
tering. Although the potential is truly half 
the battle—and will probably he the usual 
scapegoat when future highly specific 
experiments and theoretical predictions 
disagree—the main emphasis is on the 
myriad of approximations and alterna¬ 
tives to the often unaffordable fully 
quantum mechanical treatment of the 
dynamics. These include semi-classical, 
mixed quantal and classical, and fully 
classical techniques. 

My only objection to this book is its 
implicit message that the standard 
method is the only way to think about 
atom-molecule collision. It does not ad¬ 
dress many interesting questions: How 
can one find the potential from the data? 
Are there ways to categorize efficiently 
state-to-state cross sections (experimental 
or theoretical) which give insight into the 
salient features of the potential? Will one 
find strinking new structures in inelastic 
or reactive scattering distributions which 
are relatively independent of the details 
of the potential?—Dau/d E. Pritchard, 
Physics, Ml?. 


Plutonium, Power, and Politics: In¬ 
ternational Arrangements for the Dis¬ 
position of Spent Nuclear Fuel. Gene I. 
Rochlin. Science, Technology, and the 
Changing World Order. 397 pp. Uni¬ 
versity of California Press, 1,979. 
$22.95. 

The author, a physicist and social sci¬ 
entist, presents in comprehensive detail 
a study of alternative international- 
management concepts for the back end of 
the nuclear fuel cycle. He postulates that 
these should be organized according to 
political rather than technical criteria, 
and he adopts a 20-year time horizon, 
arguing that a longer one would require an 
analysis of the introduction of the fast 
breeder reactor, 

Rochlin achieves his goals of analyzing 
and comparing alternative international 
arrangements for spent fuel, reprocessing, 
plutonium storage, and high-level waste. 
He shows how political considerations 
tend to influence a state’s acceptance or 
rejection of proposed organizational 
concepts more than the stage of their 
technical development, and he points out 
that international regimes conceived with 
political considerations uppermost 
suggest useful issue-linkages that would 
not otherwise be visible. This argument is 
interesting and informative. 

I note, however, that the superiority of 
the political over the technical organizing 
principle appears to produce no signifi¬ 


cant differences in the management re¬ 
gimes chosen. For example, on page 336 
a fuel-cycle partitioning “suggested by the 
analysis of the previous chapters" looks 
much like a conventional lechnicai/in- 

dustriai partitioning.namely regimes for 

allocating fissionable materials, repro¬ 
cessing, spent-fuel storage and transpor¬ 
tation, and high-level waste management, 
I wonder whether the value of organizing 
the problem according to political criteria 
is of more than scholarly interest. 

Additionally, I question whether the 
subject of the title can he dealt with in a 
mere 20-year time frame, chosen so as to 
avoid “becoming entangled" in longer- 
term technical alternatives such as the 
fast breeder reactor. Today's uncertain 
world is marked by an intense hunger for 
energy security. Many of the developed 
and developing nations perceive the 
breeder reactor and plutonium as central 
to answering that need. By deciding to 
omit consideration of this linkage, the 
author has unfortunately accepted a 
limited goal for his study. Accordingly, he 
has limited the value of an otherwise ex¬ 
cellent hook.. Robert V. Latiuy, Con¬ 

sultant, Energy Project Management, 
Duxbury, MA 

Contemporary Organic Chemistry, 
2nd ed. Andrew L Ternay, Jr. 1277 pp. 
W. B, Saunders, 1979. $25.96. 

A Short Course in Organic Chemistry. 
Edward E. Burgoyne. 627 pp, 
McGraw-Hill, 1979, $16.96. 

The new edition of Ternay is 68% 
heavier, weighing nearly three kilograms, 
with bold, highly readable type-very 
pleasant to the eye. Many problems are 
given, some in the body of the text, with 
most of these answered at the end of the 
book, and many more at the ends of the 
chapters, with no answers, The problems 
are frequently used to introduce new 
concepts, a good teaching device, Glos¬ 
saries at chapter ends help to reinforce 
new terms, 

Spectroscopy (infrared and NMR) is 
covered as new functional types are en¬ 
countered, but since discussion of infrared 
spectra is in wave-number terms, it would 
he better if the spectra had wave numbers 
rather than micron scales. In the last two 
chapters, Ternay gives more extended 
discussion of IR and NMR spectroscopy, 
plus good coverage of ultraviolet and mass 
spectroscopy. 

The new chapter on organic synthesis 
promises to be helpful to the student in 
organizing his knowledge, but the exam¬ 
ples lean toward unrealistic starting ma¬ 
terials and poor reactions. Elsewhere 
Ternay is very specific and informative 
about reaction conditions and yields, but 
here we find 1 -butanol being dehydrated 
to 1-butene under conditions which ac¬ 
tually give 2-butene, and a Grignard re¬ 
agent reacting with ethylene oxide with no 
mention of the needed higher tempera¬ 
ture. Carbohydrates, proteins, and other 
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natural products are well covered, and a 
separate chapter on sulfur and phospho¬ 
rus chemistry is very good. 

The Burgoyne text for a one-semester 
organic course devotes eleven chapters to 
basic organic and six to natural products, 
an excellent blend for the biologically 
oriented student. A little more sales¬ 
manship is provided by the list of chemi¬ 
cal applications on the inner covers. 

A dark blue color is used throughout 
the book for accented material, but al¬ 
though this stands out well in natural 
light it is almost unnoticeable under in¬ 
candescent illumination; besides, the 
registration is poor, The text suggests 
more widespread use of the IUPAC names 
than we find in the real world, but the 
index leans more to common names. 
Sketches of molecules are very well done, 
better than in some texts for chem majors. 
Unfortunately, stereochemistry is little 
used to help elucidate reaction mecha¬ 
nisms; considering the excellence of the 
alicyclic representations, this could have 
been very productive, 

The grouping of reactions of various 
compound types, for example acyl deriv¬ 
atives, is nicely done. Occasionally, unique 
reactions are given as general, such as the 
preparations of methane and ethylene 
oxide. Action of nitrous acid on aliphatic 
primary amines is oversimplified, and the 
meta methylation of toluene is presented 
misleadingly, Despite these and a few 
other grumbles, the book has a pleasant 
overall aspect, and, in th,e hands of a 
teacher who can steer his class around the 
pitfalls, should do a very nice job. I don’t 
think either of these books is going to 
open a new era in the teaching of organic 
chemistry .—Dona Id Botteron, Chemis - 
try, Syracuse University 


Magnetic Resonance of Phase Tran¬ 
sitions. Frank J. Owens, Charles P, 
Poole, Jr., Horacio A. Farach, eds. 389 
pp. Academic Press, 1979, $44. 

A major research theme in chemistry, 
physics, and materials science for more 
than one hundred years has been the in¬ 
vestigation of phase transitions. In recent 
years the progress both in theory, partic¬ 
ularly with the development of renorma¬ 
lization group methods, and in practice, 
with the experimental application of a 
wide variety of probes, has caused a rapid 
evolution of the field. 

This collection of seven review articles 
Incuses on the use of magnetic resonance 
probes in studies of phase transitions. The 
first two chapters are brief, but clear, in¬ 
troductions to the theoretical concepts 
and the experimental methods. The re¬ 
maining chapters are more extensive re¬ 
views of specific resonance methods or 
specific types of phase transitions in a 
variety of systems including fluids, liquid 
crystals, and solids. The experimental 
methods described include NMR, NQR, 
EPR, and Mossbauer Resonance. 


The book is intended for specialists 
both in magnetic resonance and in phase 
transitions. The editors hoped to bridge 
the gap between the two fields, and to a 
large extent, they have succeeded. How¬ 
ever, the work is probably more useful to 
someone with a background in one of the 
resonance fields who wishes to find out 
about related areas than to a critical 
phenomena specialist with little experi¬ 
ence in the magnetic techniques. This 
work is too specialized to be suitable for 
a text in a course, but the introductory 
chapters by Iqbal on the basic concepts of 
structural phase transitions and by Poole 
and Farach cm the fundamentals of mag¬ 
netic resonance should be useful as sup¬ 
plementary reading in a graduate 
course .—Robert C, Richardson , Physics, 
Cornell University 


The Physics of Selenium and Telluri¬ 
um. E. Gerlach and P. Grosse, eds, 
Solid State Sciences, 13. Proc. Internal 
Conf. on the Physics of Se and Te, 
Konigstein, Federal Republic of Ger¬ 
many, 1979.281 pp. Springer-Verlag, 
1979. $29.70. 

This excellent book is a must for all 
those interested in the state of the art of 
two unusual and fascinating elements 
whose understanding enriches materials 
science, The bonding options of these 
chalcogen atoms can range from single 
bonds to the full use of their valence band 
lone-pair electrons via the dative bond. 
Their trigonal structure is particularly 
important for crystal growing and their 
basic divalency for their amorphous 
phase. 

Since they can be made both crystalline 
and amorphous (sometimes coexisting in 
a solid in both forms), they have a richness 
of configuration and conformation which 
illuminates our understanding of disor¬ 
der, both positional and compositional. 
These materials were key to breaking the 
code of the defect structure of amorphous 
materials. 

The first part of the book deals with the 
bands and bonds of selenium and tellu¬ 
rium, starting with an excellent paper by 
Joannopolis, whose work on self-consis¬ 
tent pseudopotential calculations has 
helped us understand the correlation be¬ 
tween band structure and the physical 
properties of materials composed of these 
elements, These materials are especially 
important for technological use because 
of their interesting ability to photocrys- 
tallize; the photosensitivity of selenium is 
the basis of xerography. Their ability to 
photocrystallize is discussed in a fine ar¬ 
ticle by Okuda, Matsushita, and Suzuki, 
The molecular basis for their polymeric 
nature is excellently reviewed by Luc- 
ovsky, who summarizes the under¬ 
standing provided by Mott, Kastner, 
Adler, and Fritzsche as to the nature of 
the defect states of amorphous mate¬ 
rials. 


The book is representative of the un¬ 
derstanding that in materials science the 
interaction of chemical bonding, molec¬ 
ular configuration and conformation, and 
physical characteristics cannot and 
should not be separated.—-Stan/ey 
Ovshinsky, Energy Conversion Devices, 
Troy, MI 


Physical Science: A Dynamic Approach. 

Robert T. Dixon. 402 pp. Prentice-Hall, 

1979. $15.95. 

This book was written with the intent 
of covering the whole scope of physical 
sciences, and indeed this purpose is ac¬ 
complished. But unfortunately, however, j 
the treatment is very superficial and often 
misleading, if not scientifically inaccu¬ 
rate. 

A few examples will illustrate this If 
clearly. Altogether just seven lines of the ■ 
text are devoted to angular momentum. ; 
As a result, when the author later de- ■ 
scribes the physical significance of the j 
atomic quantum numbers n, l, and rn, he 7 
writes: “l, the orbital quantum number f 
that tells us something about the shape of 
the orbital; m, the magnetic quantum , 
number that tells us something of the j 
angle of the electron’s spin axis.” Or in an ’ . 
"explanation” of entropy: “Consider a 1 
system composed of two tanks of water, f 
one at a considerably higher temperature ' 
than the other. We call this an ordered f 
system because it is possible to extract ) 
work from the system as energy flows 
from the hot tank to the cold tank. We f 
define the entropy of a system to correlate r ; 
direetly with its disorderliness, hence the iff 
entropy of the system just mentioned is ; 
low,” In a discussion of the nucleus, he : 
states: “We do know that many additional : 
particles exist within the nucleus—over 
30 have been identified from tracks in a 
cloud chamber,” whereas “scientists do , 
not picture the nucleus as normally con- ; 
taining electrons.” 

In a book which intends to use the his- 1 
tory of science as an expository tool it is a > 
shame that so many unknown events are 
speculated about, whereas certain fasci- ; 
nating incidents, such as Becquerel’s ac¬ 
cidental discovery of radioactivity, are ' 
described as deliberate, routine experi- i 
ments. It is difficult to recommend the 
volume for a general science course at ei- f 
ther the high school or college level- r 
Charles L, Bennett, Physics, Princeton • 
University 


Electron Spectroscopy of Crystals. V. 
V, Nemoshkalenko and V. G. Aleshin. 
Trans. I. Curelaru. Physics of Solids 
and Liquids. 360 pp. Plenum, 1979. 
$49.50. 

The many techniques and capabilities 
of photoelectron spectroscopy make it one 
of the most powerful means by which the 
electronic structure of any system can he 
examined. This book represents a critical 


survey of the results of hundreds of pho¬ 
toemission papers published through 
about 1975. The authors have emphasized 
x-ray-induced photoemission (XPS) 
techniques and have concerned them¬ 
selves primarily with density-of-states 
features of the occupied bands. They have 
discussed experimental results, some¬ 
times including optical and x-ray emission 
data as well, and have compared theory 
with experiment. 

The chapters are generally self-con¬ 
tained, each dealing with a distinct sys¬ 
tem, e.g. transition metals, zincblende 
semiconductors, alkali halides, interne* 
taliic compounds, and disordered alloys. 
Access to the large amount of information 
here is relatively easy, although mathe¬ 
matical expressions are often presented 
without definitions of the various terms 
or symbols. 

The emphasis of the book is phe¬ 
nomenological, and it can serve as a 
starting place for graduate students or a 
reference for active researchers. Ample 
credit is given to the original work 
through an abundance of references. Also 
reflected are the contributions of Soviet 
scientists, among whom the authors have 
been leaders. 

Unfortunately, any review of an active 
research area has its own built-in obso¬ 
lescence. For example, in the past five 
years the distinction between x-ray and 
ultraviolet photoemission has become 
somewhat academic because of the 
availability of synchrotron radiation 
sources which emit an intense continuum 
of radiation from below the photoemis¬ 
sion threshold to the hard x-ray region. 
Further, in 1975, angle-resolved (k-se- 
lective) photoemission had not been de¬ 
veloped, and its truly revolutionary im¬ 
pact could not be anticipated. It is now 
possible to measure band dispersions, 
E(k), and map highly quantitative ex¬ 
perimental bands for comparison with 
theory—comparisons which XPS in 1975 
could not pose,—John H. Weaver, Syn- 
chrotron Radiation Center, University of 
Wisconsin 


Quantum Electronics. C. L. Tang, ed. 

Methods of Experimental Physics, 15, 

Part A. 379 pp. $37. Part B. 342 pp. $36. 

Academic Press, 1979. 

The term quantum electronics has 
come to encompass so many areas that it 
is hard to in,elude them all between the 
covers of one volume—even in these two 
volumes of several hundred pages each! 
This superb collection of review articles 
might well be entitled “Lasers and Ex¬ 
perimental Techniques that Make Use of 
Lasers.” 

The sections on lasers as sources of UV 
to IR coherent radiation more than fill 
Part A, which includes atomic and ionic 
gas lasers (W. B. Bridges), semiconductor 
diode lasers (H. Kressel), solid state lasers 


(M. J. Weber), and dye lasers (0. G. Pe¬ 
terson). Part B continues with color cen¬ 
ter lasers (L. F. Molenauer), molecular 
lasers (T, Manuccia and S. K, Searles), 
and chemically pumped lasers (T. A. 
Cool). Part B then turns to experimental 
techniques, including nonlinear optical 
devices (F. Zernicke) and a number of 
examples of laser techniques and appli¬ 
cations: picosecond spectroscopy (E. P. 
Ippen and C. V. Shank), VUV spectros¬ 
copy (J. J. Wynne), Doppler-free laser 
spectroscopy (P. F, Liao and J, E. Bjork- 
lund), nonlinear optical effects (Y. R. 
Shen), and laser selective chemistry (J. T. 
Yardley). 

Each author is an authority who has 
contributed much to the original research 
in his area. The excellent review articles 
in these volumes make them a valuable 
addition to a researcher’s library,— S, F, 
Jacobs, Optical Sciences Center, Uni¬ 
versity of Arizona 


Physics Reviews, Vol. 1.1. M. Khalat- 
nikov, ed. Soviet Scientific Reviews, 
Section A: Physics. 305 pp. New York: 
Harwood Academic, 1979. $67,75. 

This volume proposes to "make ac¬ 
counts of recent scientific advances in the 
USSR more readily and rapidly accessible 
to scientists who do not read Russian.” 
The six articles deal with timely and im¬ 
portant subjects of current Soviet re¬ 
search: instantons, superfluid :i He, non¬ 
equilibrium superconductors, solitons, 
condensed electron-holes in semicon¬ 
ductors, and antiferromagnetic spin 
waves. Unfortunately, none is easy read¬ 
ing for a nonspecialist, for they have more 
the appearance of research papers than 
introductory review articles, 

Given the volume’s basic premise, I 
cannot help questioning the rationale for 
another collection of review articles. In¬ 
deed, the admitted emphasis on Soviet 
papers through 1977 keeps it from being 
comprehensive. On balance, a well-versed 
expert will find a concise and detailed 
account of a particular field of interest. 
The articles assume considerable previous 
background, however, and the general 
reader might prefer to consult other less 
technical reviews .—Alexander L, Fetter, 
Physics, Stanford University 


The Physics of Everyday Phenomena: 

Readings from Scientific American, 86 
pp. W. H. Freeman, 1979, $13 cloth, 
$5.50 paper. 

This book has an important theme: the 
phenomena that surround us and that we 
almost always take for granted are rich in 
physics. Because this tends to be “classi¬ 
cal” physics well behind the cutting edge 
of new discovery, it is often ignored. This 
collection of eight articles culled from the 


last three decades of Scientific American 
helps remedy this neglect, by showing the 
intellectual challenge afforded by coming 
to grips with such disparate experiences 
as thunder, the meandering of rivers, or 
the far-flung folds of the aurora. Nature 
has much to tell us if we but stop to 
listen. 

This anthology will get the message 
across to a wide audience, perhaps en¬ 
couraging them to keep a healthy variety 
in science. The articles are well chosen: I 
miss a few favorites, but that is a matter 
of editorial taste, and many remain for 
further browsing. It would make fine 
collateral reading in an advanced physics 
or general engineering course whose stu¬ 
dents have the requisite mathematics to 
be comfortable with the level of presen¬ 
tation. For this use I would have liked to 
see a more extensive and updated bibli¬ 
ography. For example, the article on ocean 
waves would have profited by references 
to a standard work on tides and seiches 
such as George Howard Darwin’s The 
Tides, or to such science fiction of global 
catastrophe as Lucifer’s Hammer. But 
this is an easily remediable lack, On the 
whole, I enjoyed reading this collection 
and felt I had learned from it,—Rolf M. 
Sinclair, National Science Foundation, 
Washington 


Organic Photochemistry, Vol. 4. Albert 

Padwa, ed. 343 pp. Marcel Dekker, 

1979. $39.50. 

The last 20 years have seen a rapidly 
burgeoning interest in the chemistry of 
the interaction of light with organic mol¬ 
ecules. The quantity and sophistication 
of the information that has become 
available in this short time about reac¬ 
tions of molecules in various excited states 
is an indication of the power of the ap¬ 
plication of the combined methods of 
physical and organic chemistry to these 
problems, The series Organic Photo¬ 
chemistry was started 10 years ago by 
Orville Chapman to provide authoritative 
reviews of selected areas of research in 
this field, written not only to evaluate 
critically the state of knowledge in these 
various areas but to point to the frontiers 
where new discoveries could be ex¬ 
pected. 

The latest volume in the series, under 
new editorship, follows the tradition of 
the earlier ones in presenting chapters 
written by active researchers about their 
own interests: "Photochemistry of Al¬ 
ines in Solution,” by Paul J. Kropp; 
"Photochemistry of Non-Conjugated 
Aryl-Olefins,” with emphasis on intra¬ 
molecular energy transfer, by Harry 
Morrison; “Photochemistry of Cyclo¬ 
propanes,” by Stephen S. Hixson; and 
“Photochemical Transformations of Cy¬ 
clopropane Derivatives,’’ by Albert 
Padwa. Good structural diagrams enable 
the reader to follow with relative ease the 
course of the often complex transforms- ,j 
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tions of organic photochemistry, The lit¬ 
erature reviewed includes references from 
1978; author and subject indexes as well 
as detailed tables of contents for each 
chapter help to make information acces¬ 
sible, The book not only serves to collate 
and interpret facts that are not otherwise 
easily availble in one place but provides 
numerous indications of interesting 
mechanistic and synthetic problems in 
this area of chemistry ,—Seyhan N, Ege, 
Chemistry, University of Michigan 


Neutron Capture Gamma-Ray Spec¬ 
troscopy, Robert E. Chrien and Walter 

R. Kane, eds. 880 pp. Plenum, 1979. 

$69.50. 

Although neutron capture gamma-ray 
spectroscopy has by itself always yielded 
a wide range of nuclear structure infor¬ 
mation, this Proceedings of the Third 
International Symposium (1978) has been 
considerably enriched by including a large 
number of selected related topics. Re¬ 
views of n-p capture and photo-disinte¬ 
gration of the deuteron are included, as 
well as an experiment on double photon 
decay. Tests of quantum electrodynamics 
both with neutron capture gamma-rays 
and mesonic x-rays are ably reviewed, 
Also discussed, in both the contributed 
and invited papers, is the use of polarized 
neutrons, particularly ultracold neutrons, 
in measurements of the neutron electric- 
dipole moment and of parity nonconser¬ 
vation. 

The volume stresses the physics that 
can be learned rather than the facilities 
and techniques, but many technical ad¬ 
vances are mentioned—for example, the 
improved resolution and precision of 
bent-crystal and magnetic spectrometers 
at thermal neutron reactors. Also men¬ 
tioned are possible future developments 
of more intense neutron sources that 
would make practical the ,design of even 
more precise spectrometers. 

The balance between theory and ex¬ 
periment is good. Some excellent theo¬ 
retical papers are presented; two on the 
intermediate boson model, describing 
nuclei between the closed shell and the 
collective model region, and one on the 
giant dipole resonance, suggesting that 
the past failure to calculate properly the 
position of the resonance in, for example 
a()H Pb, was caused by a. wrong choice of 
particle-hole interaction strength. 

Among the many excellent experi¬ 
mental papers, some are especially out¬ 
standing or especially controversial: 
measurements made with filtered neutron 
beams that average over many resonances 
give special nuclear information inde¬ 
pendent of level s tructure; measurements 
of high-energy gamma-rays following the 
capture of high-energy nucleons show 
that current theoretical models do not 
predict the observed ( 070 ) giant electric 


dipole; and measurements of El, Ml, and 
E 2 transitions in 208 Pb with polarized 
neutrons show that not sufficient strength 
has been observed to define adequately 
the giant Ml resonance distribution,— J. 
W. Knowles, Atomic Energy of Canada, 
Ltd,, Chalk River, Ontario 


Macromolecules: An Introduction to 

Polymer Science. P, A. Bovey and P, W, 

Winslow, eds. 549 pp. Academic Press, 

1979. $30.50. 

The word introduction in the title is 
perhaps misleading from the perspective 
of the college undergraduate. The so¬ 
phistication required of the reader is not 
so much prior knowledge of.polymers as 
maturity in the background sciences of 
chemistry and physics. The book is in fact 
the outgrowth of a course aimed at per¬ 
sons trained in these sciences but typically 
lacking exposure to one of the most im¬ 
portant developments of the twentieth 
century, polymer science and technology. 
The presentation is oriented to the basic 
science of macromoleeules than to their 
technology, and in general an effort is 
made to set the stage for each topic in 
terms of familiar concepts. 

The contents are unusually complete, 
every major subject in polymers being 
treated in a more or less conven tional se¬ 
quence: synthesis, reaction kinetics, and 
molecular size; conformation and micro¬ 
structure; solution behavior; solid state 
morphology; reactions; and biological 
macromolecules. The chapter on mor¬ 
phology treats only the crystalline state; 
the glassy and rubbery states are covered 
in the chapter on physical behavior. Rel¬ 
evance to user applications is obvious in 
the chapters on physical behavior and 
chemical reactions, where the subjects of 
flow, fracture, transport, and oxidative 
and thermal degradation are discussed. 

One criticism of the book is that it fails 
to treat orientation of macromolecules 
and the effect on states of aggregation and 
physical behavior, a pervasive subject 
which, while most important to fibers, 
also plays a role in many other applica¬ 
tions. The book, however, will he invalu¬ 
able to graduate students or professionals 
who work in polymer research or to tech¬ 
nologists who seek basic understanding of 
the materials they work with ,—David M, 
Cates, Textile Chemistry, North Caro¬ 
lina State University 


Chemistry. Edward L, King, 1101 pp. 
Sausalito, CA; Painter Hopkins, 1979; 
$19.95. .... 

This is an amazingly complete text 
designed as a one-year course for begin¬ 
ning college-level students who have had 


an introduction to chemistry in high ; 
school and who have acquired some fa- ; 
cility with algebraic operations. Admira- ■; 
bly ambitious in scope and detail, it may 
in fact be too complex for any but the 
most sophisticated. 

A student’s need for a strong chemistry • 
and mathematical background is most 
evident in the first section of the book, t 
where the topics of elements, compounds, 1 
chemical reactions, stoichiometry, and j 
thermodynamics are treated in detail, f 
The second section, on states of matter, is f 
complex: virial equations are used, for j A 
example, to treat the gas laws. Section 3, [ 
on atomic and molecular structure, is 
more useful pedagogically, and the 
chapter on bonding is followed by an ex* j. 
cellent and well-placed introduction to ! 
organic compounds. Section 4 draws 
heavily on the earlier work with thermo- 
dynamics to introduce the concepts of % 
equilibrium and chemical reactivity, with < 
especially good treatments of acid-base A 
and solubility equilibria. 

The descriptive chemistry of the main A 
group elements could have been inte* A 
grated with preceding chapters, with the A 
advantage of expanding the short chapter A ■ 
on coordination chemistry. The inclusion A 
of a chapter on photochemistry was in- A: 
spired, but the author fell into the trap • 
(typical of the rest of the book) of trying 
to explain the interaction of light and ; 
matter to beginning students by using V 
theoretical concepts beyond their depth. 7 
Consequently, an opportunity was missed A. 
to point out, at the descriptive level, some • 
elegapt distinctions between thermal and A 
photochemical reactivities. 

Examples are well worked out, and ex- A 
ercises at the end of the chapters me 
imaginative and instructive. The di- A 
agrams are beautiful and serve the text 
well. The book should certainly be in- j 
eluded in undergraduate libraries and 
would make an excellent reference fur 
teachers—Paul L. Gaus, Chemistry, Tin- 
College of Wooster, Wooster, OH 


Research in British Universities, ■ 
Polytechnics and Colleges, Vol. 1 : A 
Physical Sciences. 797 pp. The British ' 
Library, 1979. $30. A 

Among the well-worn volumes in a f 
great many research laboratories, editorial ; 
offices, and university departments arc j 
the International Directories published in 
1969 by W. A, Benjamin. As the title 
implies, these Directories provided list¬ 
ings of the faculty members of most of the 
world’s significant universities, together 
with a very brief summary of each indi¬ 
vidual’s research interests. Unfortunately, 
these entries are now becoming obsolete, ; 
given the high mobility in many scientific jA 
communities. The present volume is thui j 
a very welcome addition to the reference l 
literature. It is the first portion of a A 


The Evolution of Culture in Animals' 

John Tyler Bonner 

"A courageous sally into the theory of the interaction of heredity and cultural 

-- , jtt | e exp | orecj but js destined to become of major 

social theory in the years ahead, The great virtue 
: culture and culture-mimicking behaviors throughout 
jntial step in understanding the probable origins and 
n sociality. Professor Bonner's style is, as always, witty, 

■10, Wilson , Harvard University 

In this provocative and delightfully illustrated 
|ig book, an eminent biologist traces the origins of 
’M culture in animals back to their early biological 
evolution. Defining culture as the transfer of 
information by behavioral rather than by genetical 
means, john Bonner examines five categories of 
behavior that can lead to nonhuman culture: 
physical dexterity, relations with other species, 
auditory communication within a species, geo¬ 
graphic location, and inventions and innovations. 
Citing a number of fascinating examples of animal 
culture, he concludes that there is a continuum 
between the traits found in animals and traits we 
regard as uniquely human. 52 illus. 9’A x Wk" 
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three-part directory now in preparation 
by the British Library, the second and 
third parts of which will be devoted, re¬ 
spectively, to the biological and social 
sciences. Volume 1 provides detailed in¬ 
formation on 155 British institutions and 
is produced very much in the style of the 
earlier Benjamin Directories. What makes 
it particularly useful, however, is a much 
more detailed set of indexes than were 
present in the earlier directories. In ad¬ 
dition to the usual name index, there is an 
extremely helpful key word index, 348 
pages in length, which makes it possible 
to home in on personnel active in research 
on any given topic conveniently and 
quickly. 

Each institutional entry provides the 
name and address of the head of the de¬ 
partment. The research projects currently 
in the department are listed in alphabet¬ 
ical order by research team, with sponsors 
and dates of project duration where ap¬ 
propriate. Departments are cross ref¬ 
erenced when part of the research is more 
relevant to another subject group. 

The three-volume set will provide 
vastly more information than any indi¬ 
vidual is ever likely to require about re¬ 
search in British educational institutions, 
but it is a unique reference source that will 
be very widely used .—D. Allan Bromley, 
Physics , Yale University 


Principles of Nuclear Radiation De¬ 
tection. Geoffrey G. Eichholz and John 

W. Poston. 379 pp. Ann Arbor Science, 

1979. $29.95. 

This book may have its virtues in pro¬ 
viding an overall survey of a wide range of 
nuclear radiation techniques, but even in 
this regard, it falls far short of the ideal, 
since there are many omissions and the 
balance between the various types of de¬ 
tectors is poor. The “Frisch” or griddled 
ion chamber is totally omitted, and 
drift-chambers, a significant part of many 
physics research experiments, receive a 
single-line mention. Semiconductor ion¬ 
ization detectorsy an important compo¬ 
nent of many research and radiation 
monitoring instruments, receive less at¬ 
tention than do slightly-used detectors 
such as the family of thermoluminescent 
dosimeters. The chapter on counting 
statistics seems unnecessarily detailed 
compared with much of the remainder of 
the book, which is often mainly descrip¬ 
tive. 

A detailed review of the book would 
reveal many factual errors and poor ex¬ 
planations, For example, the explanation 
oiBremsstrahlung on p. 21 is totally in¬ 
correct, There are many similar errors and 
inadequate explanations: much of the 
section on the operation of semiconductor 
detectors is unsatisfactory, and to this 


must be added the lack of understanding 
of the importance of pulse-shaping in 
nuclear amplifiers, the poor interpreta¬ 
tion of electronic noise effects, and the 
apparent failure to realize that positive 
ions in gases hardly move compared with 
electrons. My conclusion must be that the 
authors do not thoroughly understand 
their topic—a sad conclusion if the hook 
is used for teaching students, as indicated 
in the Preface. The use of vacuum-tube 
circuits as examples almost 30 years after 
the invention of the transistor indicates 
a lack of adequate review of many years of 
literature on the subject! 

The book cannot be recommended.—^, 
S. (Inulding, Lawrence Berkeley Labo¬ 
ratory, University of California 


Communication with Extraterrestrial 
Intelligence. John Billingham and 
Rudolf Pesek, eds. 225 pp, Pergamon 
Press, 1979. $35. 

In a book consisting largely of written 
versions of oral presentations at annual 
meetings of the International Academy of 
Astronautics in years prior to 1978, one 
might well expect little more than an ab¬ 
breviated, disconnected, tired rehash of 
the older thinking and activities in SETI 
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(the Search for Extraterrestrial Intelli¬ 
gence). Happily, such is not the case with 
this book, which could well serve as the 
cornerstone of any scientist’s library on 
SETI. 

Rather than being abbreviated and 
incomplete, as the proceedings of con¬ 
ferences often are, this volume has some 
papers—those by R. E. Edelson, B, M. 
Oliver, and C. Seeger, among others—that 
lay down thoroughly and articulately the 
basic thinking behind the radio-search 
approaches to SETI, The editors have 
helpfully included a summary of the large 
play for SETI recently prepared for 
NASA by a group in the United States, All 
this would be enough to make the book 
extremely valuable. 

In addition, it contains a great deal of 
material which is very hard to locate 
otherwise—namely the accounts of Soviet 
attitudes and observational activities in 
the SETI arena. Lengthy reports from 
both the Gorky and Moscow groups are 
presented, and a long chapter describes 
Soviet thinking with regard to building 
large radio telescopes in space, an area in 
which they are apparently ahead of the 
rest of the world and to which they are 
evidently giving high priority. Their ideas 
are fresh and broaden one’s outlook. 

Furthermore, some short papers ex¬ 
plore approaches to SETI other than 
radio searches and review related topics 
such as concepts of the origin of life, All in 
all this book is far better than one might 
expect .—Frank D. Drake, National As¬ 
tronomy and Ionosphere Center, Cornell 
University 


Atomic and Molecular Collisions. Sir 

Harrie Massey. 309 pp. Halsted Press, 

1979. $34.95. 

The foremost leader of British research 
in atomic collisions and space science, the 
author is known for such tomes as The 
Theory of Atomic Collisions, Electronic 
and Ionic Impact Phenomena, and 
Negative Ions, useful for professionals. 
His latest book is different; it is meant to 
be “read with profit by a first-year un¬ 
dergraduate.” His ambition was to convey 
his well-justified fascination with the rich 
physics of atomic collisions. 

The author’s intention, indeed, comes 
across in his emphasis on experimental 
methods, in his minimal use of mathe¬ 
matics, and in the wide range of topics he 
treats. He begins with the basics of atomic 
anrl molecular structure, and then dis¬ 
cusses electron-atom collisions, elec¬ 
tron-ion recombination, collisions be¬ 
tween atoms and ions, photoionization, 
and photodetachment. Finally, he ex¬ 
plains atomic-physics aspects of space 
research and astronomy. To gauge the 
extent of the author’s success, I asked a 
senior undergraduate to read the book 


and to give me his impression. He was 
happy to have had a first exposure to tools 
and tricks in experiment (rarely discussed 
in other books on the undergraduate 
level), and an introduction to concepts 
such as autoionization, resonances, glory 
singularities, and rainbow angles. 

Perhaps reflecting the limitations of the 
author’s time and priorities, the book has 
several shortcomings (and many minor 
errors which I will not discuss here). First, 
it is peculiar in that it lacks references, 
even though it quotes many data and 
figures from current literature. The ab¬ 
sence of bibliographic citation leaves the 
reader without aid for deeper study; a list, 
preferably annotated, of more advanced 
books would be helpful, Second, the book 
contains no exercises or problems that 
would have enabled the author to sup¬ 
plement his discourse and permitted the 
reader to ascertain the extent of his un-. 
derstanding. Third, treatments of theo¬ 
retical topics often appear fragmentary or 
unsystematic. For example, the author’s 
explanation of the phase shift is much too 
sketchy to make sense; a few more pages 
on this important concept, would have 
been appropriate. Finally, there is no 
mention of chemical reactions between 
molecules, an important topic that links 
atomic-collision physics with chemistry. 

I would have liked to see some discussion 
on applications other than space research, 
such as lasers, discharges, plasmas, and 
radiation physics, which make atomic- 
collision physics even more enchant¬ 
ing,— Mitio Inokuti, Argonne National 
Laboratory 


Nuclear Power and Safety. Norwegian 
Nuclear Power Commission. 292 pp, 
Columbia University Press, 1979. $20 
paper, 

This is the report on a three-year study 
by a Norwegian Royal Commission com¬ 
posed of “publicly active nonexperts” 
appointed by a combination of govern¬ 
ment ministries, following consultation 
with political parties, trade unions, and 
industry, Its purpose was to help in the 
decision as to whether Norway should use 
nuclear energy, and the volume, contains 
judgments and recommendations on 
every aspect of nuclear power safety. Es¬ 
sentially all recommendations are sup¬ 
portive of nuclear energy, although there 
are ubiquitous dissenting, opinions by 
three of the 21 members—a housewife, a 
veterinary surgeon, and a lecturer. 

The report is not a political document, 
however. It is perhaps the most elaborate 
summary of nuclear power safety now 
available and is fully worthy of consider¬ 
ation as a textbook for an undergraduate 
science or engineering course on that 
subject. There are numerous tables, plots, 
diagrams, and figures, and while an in¬ 
telligent and patient layman could prob¬ 


ably handle the material, it does not insult | 
the intelligence of a scientist or engineer. j; 
Both the breadth and depth of coverage j 
are quite impressive. 

One disadvantage is that there are no | 
references; I found this especially | 
annoying, since many technical state- | 
ments were at variance with my under- I 
standing and there was no way to check on 1 
them. Some of the treatments are sha How, j 
contain abundant extraneous material, f 
and seem to miss essential points. Notable [■ 
positive features are good coverage of ( 
non-UvS. experience, studies, and prac- j 
tices, and extensive treatment of risk- j 
benefit considerations and of alternative 
energy sources. 

The book is reasonably well written and 1 
well organized. It would be a good intro- f : . 
duction to nuclear power safety for a sci¬ 
entist or engineer interested in going be¬ 
yond “popular” treatments of the subject, 
although I would hate to see him depend 
on it without going to other sources.-- 
Bernard L. Cohen, Physics, University of 
Pittsburgh 


Electrons and Phonons in Layered | 
Crystal Structures. Terence -i. | 
Wieting and Michael Schluter, eds. | 
Physics and Chemistry of Materials {j- 
with Layered Structures. 474 pp. I). (, 
Reidel, 1979. $73. | 

Anisotropic materials, the chemistry | 
wh ich determines their unique structures §; 
and their novel physical properties, form |; 
a major research field in current solid | 
state physics and chemistry. Layered | 
compounds such as graphite, transition | 
metal dichalcogenites, and systems like* | 
GaS, PbL and Bi^Tea are fertile materials | 
for testing theories about two-dimeu- | 
sionality. This volume provides an ex- | 
cellent overview of our current under- r 


standing of the electronic and vibrational i 
(phonon) properties of such two-dimen¬ 
sional systems. 

In discussing electrons and phonons, V 
the authors develop the underlying theory . 
and then apply it systematically to an r 
analysis of the experimental data: optical j- 
and ultraviolet spectroscopy for the l 
electronic band structure, and infrared U 
and Raman spectroscopy, as well as in* j- 
elastic neutron scattering, for the phonon 1 
dispersion curves. The strong influence of j 
symmetry on these properties is devel-, lo¬ 
oped as a basic theme in the book. h\ 
excellent section on the different schemes Jj 
for computing electronic band structures Jf 
describes the assumptions, strengths, and i 
weaknesses of each approach. It should be |: 
required reading for nonexperts having to 1; 
contend with band-structure papers, The 1 
data are extremely well presented—ar-1;.; 
ranged for each different structure and i- 
symmetry class of materials and used to Jp 
illustrate the preceding theory. Tablesare i, 


very effectively used to illustrate trends 
in physical properties within material 
classes. Cross references between theory, 
experimental data, and individual mate¬ 
rials are provided in a separate index of 
the individual layered compounds. 

Although there are several contributing 
authors, the book is self-contained and 
coherent. The level of presentation makes 
it suitable for physicists, chemists, and 
materials scientists. While it serves as a 
fine introduction, it will also prove to be 
a valuable reference for workers in the 
field—Bernard G, Silbernagel, Exxon 
Research and Engineering Co., Linden, 
NJ 


The Calculation of Molecular Orbit¬ 
als. John C. Slater. 104 pp. Wiley-In- 
terscience, 1979. $16.95. 

This book is the last of a series of seven 
on the quantum theory of matter covering 
all aspects of the modern theory of atoms, 
molecules, and solids. The manuscript 
was found among Dr. Slater’s effects after 
his sudden death in 1976. In the last ten 
years of his life Dr. Slater had been con¬ 
cerned with the local density form of the 
self-consistent field. This work, together 
with that,of many collaborators, resulted 
in the Xa method. The usefulness of this 
method is well proven but the equations 
resulting from the model have not been 
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solved exactly. Two chapters of the book 
discuss these subjects. 

Three other chapters deal with aspects 
of spin polarization and the unrestricted 
self-consistent field, the cellular and 
muffin-tin methods, and the multiple¬ 
scattering method. The approximations 
adapted to solve the Schrodinger equation 
in a potential that is spherically sym¬ 
metric inside the cell of a complicated 
molecule serve to illuminate other ap¬ 
proximations in the chapter on the cellu¬ 
lar method-solution. 

One of the great values of this book is 
the very clear language used to describe 
rather complicated problems. In addition, 
the book is not heavy ori equations, and 
Dr. Slater thought to reach the reader by 
asking questions such as: “How can it be 
that with our Xa orbitals, we have got a 
lower Hartree-Fock value?" followed by 
“As we examine the question, we see that 
the apparent paradox is based on a mis¬ 
understanding.” Further examples of 
guiding the reader into complicated 
problems are evident in the last chapters 
on the self-consistent field for molecules 
and the nonspherical potential. The au¬ 
thor proceeds step by step; this type of 
handling of mathematical aspects in 
quantum theory makes the book emi¬ 
nently suitable for advanced undergrad¬ 
uates. Graduate students should have 
little trouble in going through the 14 
chapters. 


With Dr, Slater’s death the scientific 
community has lost not only a great sci¬ 
entist but also the man who kept a critical 
eye on the developments of MO theory 
and calculations and was capable of 
communicating his discoveries to us in 
this, his last book.—J, A, Koningstein, 
Chemistry, Carleton University, Ot¬ 
tawa 


Probability and Statistics in Particle 
Physics. A, G, Frodesen, O, Skjegges- 
tad, H. T0fte. 501, pp. Columbia Uni¬ 
versity Press, 1979. $35. 

Physics is supposed to be an exact 
science, and most physicists will tell you 
that if you need to use statistical argu¬ 
ments in drawing conclusions from ex¬ 
perimental data, you would be better off 
getting more data, It is always better, of 
course, when conclusions are obvious, but 
in at least some branches of physics (as¬ 
trophysics and elementary particle 
physics are two obvious examples) getting 
more data can be prohibitively expensive 
in time, effort, or money, and the physicist 
is obliged to squeeze as much as he can out 
of data subject to random fluctuations. 
When his intuition fails him, he turns 
to the mathematicians for help, Most ex- 
perimental physicists, however, have 
difficulty applying the formal theorems 


and procedures of mathematical statis¬ 
tics, with its unfamiliar terminology and 
abstract generality. And the applications 
discussed in introductory texts mainly 
concern gambling. 

Two particle physicists and a mathe¬ 
matician from Norway have written this 
text to bridge the gap for the experimental 
high-energy physicist, Here you can find 
clear expositions of maximum likelihood, 
constrained kinematic fitting, acceptance 
weighting, track reconstruction, binning, 
maximization strategies, resolution 
functions, and many other problems often 
encountered in particle research, Unfor¬ 
tunately, Monte Carlo methods are not 
included, Although there are other books 
on statistics for physicists, there is none 
in which the range of topics and the 
abundance of illustrative examples are so 
well suited to the needs of the high-energy 
physicist, The book would be valuable as 
a statistics handbook for any researcher 
in elementary particles. 

It is more than a handbook, however. 
The discussions of the fundamentals of 
probability and statistics are beautifully 
lucid. The subject matter is well orga¬ 
nized, and many exercises are included. It 
would serve well as a statistics text for 
graduate students in particle physics. 

On the other hand, if you are not a 
particle physicist, this is probably not the 
book for you.—if. Berkelman, Physics, 
Cornell University 
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Recent Advances in Group Theory and 
Their Application to Spectroscopy. 
John C. Donini, eel, NATO Advanced 
Study Institutes, Series B: Physics, 43. 
692 pp. Plenum, 1979. 

This proceedings volume suffers from 
an unevenness in style and quality. Some 
articles are very clearly written, some are 
totally unintelligible, and some are even 
wrong, The articles by Butler, Konig, and 
Kremer belong to the first category. They 
are very well written, self-contained, and 
illuminating, Among those in the second 
category, I would mention the essay by 
Kibler. As an example of papers in the 
third category I would cite Hollebone’s, 
which is full of vague and sometimes in¬ 
correct statements, For instance, on page 
623, one reads, “in which the time reversal 
operators (sometimes called isospin op¬ 
erators in describing nuclear wave func¬ 
tions) are defined,” Only the author 
knows what isospin has to do with time 
reversal! I would also mention another 
difficulty that plagues this field, which is 
evident in this book: the plethora of 
notations, choices, and conventions. 
Could not the authors have agreed on a 
common notation? 

The book achieves its purpose of pre¬ 
senting the latest developments in the 
application of group theory to chemistry. 
For this reason it will be of interest to re¬ 
searchers working in the field; researchers 
in other areas, however, will only he con¬ 
fused by it, To them I would suggest 
waiting for the publication of Butler’s 
forthcoming book, Point Group Symme¬ 
try Applications, Methods and Tables, 
which, judging from its author’s brief ac¬ 
count of it in this book, promises to be 
very good.—Franco lachelb, Physics, 
Yale University 


Statistical Mechanics and the Foun¬ 
dations of Thermodynamics. A, 
Martin-L6f. Lecture Notes in Physics, 
101,120 pp, Springer-Verlag, 1979, $9 
paper. 

This monograph presents an. intro¬ 
duction to statistical mechanics and its 
relation to equilibrium thermodynamics 
and fluctuation theory, The author’s 
purpose is to bridge the gap between the 
standard treatment of this subject in the 
usual physics texts and the so-called rig¬ 
orous approach to statistical mechanics, 
The basic idea is to consider the state 
variables of the microscopic subsystems, 
defining a thermodynamical system, as 
random variables whose distribution de¬ 
pends on a small number of parameters, 
namely the thermodynamical parameters. 
It is then the goal of this book to show that 
in the thermodynamic limit the average 
values of macroscopic observables such as 
EJV, N/V ,,., have a very sharp distri¬ 
bution, to obtain the relations between 


these average values, ana to aesenoe tneir 
fluctuations. This program is achieved by 
the introduction into statistical mechan¬ 
ics of an “entropy function" associated 
with macroscopic observables and by 
proving that this function has all the 
properties required by the principles of 
thermodynamics. 

These derivations are very technical 
and are conducted with the mathematical 
care required for rigorous results, How¬ 
ever, the author also takes time to illus¬ 
trate the results obtained by means of 
elementary examples. I appreciate this 
very much in a field where concrete ex¬ 
amples are often considered unnecessary 
in a discussion of mathematical theorems. 
In particular, the equation of state of a gas 
in an external field, the law of mass-ac¬ 
tion, the osmotic pressure, and the dis¬ 
cussion of work, heat, and Carnot cycles 
are typical chapters of classical thermo¬ 
dynamics which one wants to understand 
from a microscopic approach and which 
are discussed as applications of general 
results, Another interesting point that 
follows from the discussion of the entropy 
function is the fact that it is the sign of the 
temperature, 

The presentation of this work will ap¬ 
peal first to those who are mathematically 
inclined and who will appreciate this rig¬ 
orous derivation of thermodynamics from 
the principles of statistical mechanics. On 
the other hand, there are enough appli¬ 
cations to make these lectures of interest 
also to anyone concerned with the physi¬ 
cal aspects of the foundation of thermo¬ 
dynamics,— Ch. Gruber, Physics, Ecole 
Poly technique Federate de Lausanne, 
Switzerland 



Earth Sciences 


Saharan Dust: Mobilization, Transport, 
Deposition. Christer Morales, ed. 
SCOPE 14,297 pp. Wiley, 1979. $83 
paper. 

We have known of the mobilization of 
large quantities of dust from the Sahara 
and its transport out to sea for a very long 
time, The perils of sandstorms are en¬ 
throned in the classical literature. Darwin 
encountered Saharan dust on the voyage 
of the Beattie, and duly collected it and 
sent samples, back to a Viennese micro- 
scopist for examination. Yet systematic 
study of the phenomenon is virtually a 
matter of the last few decades. 

Given the novelty of the subject, it is 
not surprising that a workshop specifi¬ 
cally on Saharan dust was convened in 
April 1977; this volume presents the bulk 
of the papers, as well as the usual sum¬ 
mary and recommendations for further 
research that comprise the inevitable 
outcome of the workshop format. The 
organization is logical: a general descrip¬ 


tion of the problem is followed by dis¬ 
cussions of mobilization, transport, and 
deposition. Monitoring is considered as a 
special case of deposition. There is a 
modest, somewhat incomplete index. The 
number of typographical errors appears 
to be about what is expected in such a 
volume: significantly larger than zero, 
with few that actually inhibit under¬ 
standing the authors’ intent. 

It is my impression that the two goals 
of the publication were the dissemination 
to immediate colleagues of the small body 
of existing knowledge on the subject and 
the stimulation of financial support for 
continued work, If there was any intent to 
produce a monograph for general con¬ 
sumption, even within the appropriate 
sectors of the scientific community, it is 
not in evidence; to cite one trivial exam¬ 
ple, a great deal of geography is discussed 
without the inclusion of a single overall 
map locating the regions of interest by 
name. There is no concession in vocabu¬ 
lary to the nonspecialist reader. I suspect 
that the first objective is reasonably well 
served, while the success of the second can 
only be evaluated in about a decade’s 
time. 

The volume, then, can be best de¬ 
scribed as an excellent first attempt, i 
Perhaps it is too soon to expect the sort of ] 
larger syntheses that I would hope might j 
emerge in due time. For example, there is i 
some evidence that the transatlantic' 
transport of Saharan dust has played a 
significant role in the building of a num¬ 
ber of islands, a process that appears to 
require continuity in source strength for 
some millions of years. However, con¬ 
ventional wisdom holds that during the 
years surrounding the beginning of the 
Christian era much of the Sahara was 
vegetated, Is our traditional under¬ 
standing in error? Is it correct, but rep¬ 
resentative of an abnormal and temporary 
climatic aberration? Most important, is 
the continued transport of Saharan dust 
to these islands as vital to their stability 
as the floods of the Nile are to the pro¬ 
ductivity of the Nile Valley, so that a 
major effort to push back the desert will 
be as detrimental to their habitability as 
the Aswan Dam is to Egypt? 

It is apparently not time to answer 
these questions; perhaps it is not even 
time to advance them seriously. The 
present volume marks a beginning, 
nothing more. It can only be hoped that 
its success is sufficient to ensure that the 
final answers will be provided in time — 
James P, Lodge, Consultant in AtrnJ 
spheric Chemistry, Boulder, CO 


Origin of the Earth and Moon. A, E. 
Ringwood. 295 pp. Springer-Verlag, 
1979. $24.80. 

As awesome as our ancestors must have 
found the Biblical explanation of the 
Earth’s origin, few are likely to have im- 


agined anything as spectacular as the 
scenario for the formation of the Earth 
and moon described here. The author 
envisions the Earth accreting from a col¬ 
lection of objects ranging in size from dust 
particles up to small planets 1,000 km in 
radius. As the protoearth and its gravi¬ 
tational field grew, so too did the kinetic 
energy of the incoming objects and the 
violence of their impacts with the growing 
Earth. Vaporization of the volatile con¬ 
stituents of the incoming bodies during 
these impacts led to the growth of a mas¬ 
sive primitive atmosphere that interacted 
with accreting material 

As the Earth neared its present size, 
melting of an Fe-O-(S) alloy began at 
depths of 1,500 km or greater, initiating 
a runaway growth of the core and violent 
convective overturn of the earth’s interior. 
The gravitational potential energy re¬ 
leased as the Fe-O-(S) melt fell toward the 
center of the Earth raised the tempera¬ 
ture of the mantle by up to 2,000° or more. 
Although the bulk of the Earth’s interior 
remained solid, the outer 400 km or so was 
molten—a gigantic globe-encircling ocean 
of liquid silicates, with a surface temper¬ 
ature near 2,000°C. 

Impacts of accreting planetesimals into 
the magma ocean led to vaporization of 
portions of the magma ocean. As the 
vapor moved away from the Earth, per¬ 
haps aided by a strong early magnetic 
field, it began to condense. The moon 
accreted from this condensed material; 
thus, the moon was essentially blasted 
from the Earth’s magma ocean by impacts 
in the later stages of accretion after the 
core had formed. 

How one approaches problems as 
complex and essentially insoluble in their 
details as the origin of the Earth and 
moon may be largely a matter of personal 
taste. Does one build specific models 
based on detailed observations of those 
bodies and generalize about planetary 
formation from these specifics or start 
with a general model of planet formation 
and test and modify it with details from 
the study of individual planets? Ring- 
wood’s approach is decidedly nearer the 
former extreme. He sets forth in detail 
what he considers to be the boundary 
conditions that geological, geochemical, 
and geophysical study have yielded. He 
then develops what he believes to be an 
internally consistent model that will sat¬ 
isfy these details, 

This model has weaknesses, however: 
his interpretations and translations of the 
data into meaningful boundary conditions 
are highly controversial, and insofar as 
they can be undermined so too can his 
model. Nevertheless, the models provide 
a point of reference—something to test, 
modify, and, as with most models of this 
sort, probably ultimately reject—and 
raise questions that have not previously 
been raised .—Edward Stolper, Geologi¬ 
cal and Planetary Sciences, California 
Institute of Technology 


Rocks and Rock Minerals. Richard V. 

Dietrich and Brian J. Skinner. 319 pp. 

Wiley, 1979. $11.95. 

In the venerable series started by Louis 
V. Pirrson in 1908 and continued by Ad¬ 
olph Knopf in 1946, the early editions 
were widely used and it was clear that a 
major revision was long overdue. This new 
version brings the text up to date, yet 
presents information in a format that is 
easy to use either as a text or a reference. 
A manual of petrology, according to 
Pirrson, should be designed for use with¬ 
out sophisticated laboratory equipment. 
Every properly trained geologist should 
be able to identify rocks in the field, 
armed only with a hand lens and pen 
knife. Unfortunately, this seems to be a 
dying art, as more and more students can 
no longer identify rocks outside the 
classroom. The book attempts to remedy 
this and is tailored for courses where hand 
specimen petrography is taught and thin 
sections are only mentioned to illustrate 
points in theoretical petrology. 

The first third of the book is devoted to 
the rock-forming minerals—their prop¬ 
erties and simple tests, the principal sili¬ 
cates and their structural classification, 
and the most important nonsilicates. The 
rock sections do not have any “hardrock” 
bias: sedimentary rocks (30% of the rock 
sections) receive almost as much treat¬ 
ment as igneous (35%). The metamorphic 
rocks are adequately covered (21%), and 
a section on other and pseudo-rocks (13%) 
includes rocks altered by hydrothermal or 
weathering processes. The book is liber¬ 
ally illustrated with photos, diagrams, and 
tables; references and important geo¬ 
graphic occurrences are given for all 
principal rock types, 

Some usages in the book will upset a 
few people, such as “contactite” for rocks 
formed by contact metamorphism, but 
these are few and do not detract from its 
general usefulness. The authors have 
successfully followed Pirrson’s 1908 dic¬ 
tum, to produce a reference "for the ge¬ 
ologist, engineer, miner, architect, etc. and 
for instruction in colleges and 
schools .”—Norman Herz, Geology, Uni¬ 
versity of Georgia 



Origin and Distribution of the Ele¬ 
ments. L. H. Ahrens, ed. Physics and 
Chemistry-of the Earth, 2, 909 pp. 
Pergamon Press, 1979, $80. 

This collection of 79 papers from an 
international symposium (Paris, 1977) is 
divided into 9 sections, ranging all the way 
from cosmochemistry (8 papers and a 
solar abundance table) to geochemistry 
and health (6 papers), The largest section 
consists of 17 papers on the geochemistry 
of the oceanic and continental crusts, 
Although the authors are from 18 differ¬ 
ent countries, the papers are mainly in 



jr 1 Ira L. Wiggins 

FLORA OF BAJA 
h CALIFORNIA 


| Illustrated with nearly i,ooo line 
I drawings and based on fifty years of 
I field study and research, this mon¬ 
umental flora offers the most exten¬ 
sive treatment ever published of Baja 
California’s fascinating and varied 
plant life. It covers every native and 
introduced vascular plant ever re¬ 
corded in the area; 15 y families, 884 
genera, 1,705 species, and 153 
infraspecific taxa; 686 taxa are en¬ 
demic to the peninsula. Maps, bibli¬ 
ography, glossary, index, 1,040 
pp, $65,00 

Stanford 
University Press 


English; 11 are in French and one in 
German, with English abstracts. 

I find it hard to say anything good 
about the book, which is truly a smor¬ 
gasbord. Hardly any of the papers, even 
within a section, are related to each other 
except in a very general way, Only 4 of the 
79 papers can be described as reviews that 
summarize significant developments since 
a similar conference 10 years earlier. Very 
few papers struck me as breaking new 
ground. 

I cannot, therefore, recommend the 
book as one that every geochemist should 
have within reach. Libraries will have a 
copy for the two or three papers that 
might be of use to an individual scien¬ 
tist.— Arthur H. Brownlow, Geology, 
Boston University 


Agrometeorology. J. Seemann, Y. I. 

Chirkov, J. Lomas, B, Primault. 324 pp. 

Springer-Verlag, 1979. $53.90. 

This book was prepared at the behest 
of the Commission for Agricultural Me¬ 
teorology of the World Meteorological 
Organization to provide an introduction 
to current problems of agrometeorology. 
It was written not as a textbook or a 
handbook, but as “a series of accounts, 
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wirh complete in itself, of agrometeoml- 
ogical problems.” There are 37 chapters: 
l'l deal with the physical and meteoro¬ 
logical principles underlying the field, and 
24 arc concerned with various aspects of 
applied agroinctcorology. 

in terms of t he topics covered, the hook 
is encyclopedic. However, the t reatment 
of-individual topics varies widely from 
extremely cursory to extremely detailed. 
The longest chapter, on irrigation, is also 
the best in the book. It gives detailed 
guidelines on the use of climatic infor¬ 
mation for optimizing utilization of 
available water resources in semiarid ag¬ 
riculture, and is complete with nomo¬ 
grams and worked-out. examples, Other 
chapters are less useful. Many provide 
brief overviews oftheir subject with little 
quantitative data or few application 
guidelines, and several do not. include a 
bibliography, 

The chapters on meteorological prin¬ 
ciples are seriously marred by poor edit¬ 
ing. Some of this apparently stems from 
the fact, that English is not the native 
language of the authors. I would have ex¬ 
pected the publisher to arrange for careful 
editing by an English-speaking agricul¬ 
tural meteorologist. 

There is a real need for an up-to-date 
text or reference manual on agricultural 
meteorology. Unfortunately, this volume 
goes only part of the way toward fulfilling 
this need.—'WW/fom E. Rcifmyder , For¬ 
est Meteorology and Public Health 
(Iliamvtenralogy), Yale University 


Climatic Change and Variability: A 
Southern Perspective, A. B, Pittock, L 
A. Brakes, I). Janssen, J. W. Ziilman, 
(ids. 450 pp. Cambridge University 
Press, 1978. $117.50. 

This volume.on climatic change and 
variability from a Southern Hemisphere 
'perspective resulted from a conference 
held at Monash University in December 
1975, Unlike most such books, however, 
the volume is not simply a collection of 
independent and self-contained papers by 
conference participants, Rather, the edi¬ 
tors have melded a series of invited and 
contributed papers into an integrated 
text. Despite occasional repetitiousness 
and discontinuity, the results arc admi¬ 
rable. Moreover, they are timely because 
the problem of : donate and climatic 
change is global in nature and contribu¬ 
tions from the Southern Hemisphere are 
needed. Until now, the. bias has been 
toward Northern: Hemisphere data, but 
this volume serves well as a solid intro¬ 
duction to selected data from the South¬ 
ern Hemisphere. 

Both the specialist and the layman will 
find the volume useful because it avoids 
jargon and has been comprehensively 
edited. It first presents an overview of 
climatic variability and change and their 
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implications for humanity. This is fol¬ 
lowed by discussions of the physical basis 
of climate, the Cenozoic paieoclimatic 
record of selected portions of the South¬ 
ern Hemisphere, short-term climatic 
change, modeling of climatic change, the 
causes of ice ages, ice-sheet modeling, 
mankind’s modification of climate, and 
the interaction of man and climate. In¬ 
cluded within these general categories are 
topics of particular interest to paleocli- 
matologists, including extended consid¬ 
erations of Antarctic paleoglaciology and 
Australian data on closed lakes, vegeta¬ 
tion, and sea level, 

One of the main attractions of this book 
is its interdisciplinary nature and its 
presentation of the excitement, per¬ 
tinence, and problems of investigating 
climatic change. The table of contents, 
references, and indexes are comprehen¬ 
sive. The title is somewhat misleading 
because the book does not provide an 
overall southern perspective, but con¬ 
centrates mostly on the Antarctic and 
Australian area. The volume is strongly 
recommended for all those interested or 
involved in the study of climatic 
change.—George Denton, Geology, Uni¬ 
versity of Maine, Orono 


Process Gcomorphology. Dale F. Ritter, 

(503 pp. Dubuque, IA: W. C. Brown, 

1978. $22.95. 

The major processes that form and 
maintain landforms are well illustrated 
and discussed in this welcome new vol¬ 
ume. The text, for the most part, is cur¬ 
rent, very well referenced, and well suited 
for a one-semester course in geomorpho¬ 
logy whose primary purpose is to investi¬ 
gate superficial processes at the upper- 
division undergraduate level. 

I especially recommend the treatment 
of fundamental geomorphic concepts (Ch. 
1) and the thorough discussion of fluvial 
processes (Chs. 5-7). Unfortunately, there 
are few case histories provided that allow 
the student to relate geomorphology to 
the field experience. Nevertheless, the 
text remains an important contribution 
to geomorphology, and I am pleased to 
add it to my library and to use it in my 
teaching.—/?. A. Kelley, Environmental 
Studies and Geological Sciences, Uni¬ 
versity of California, Santa Barbara 


Barrier Islands: From the Gulf of St. 
Lawrence to the Gulf of Mexico. Ste¬ 
phen P. Leatherman, ed. 325 pp, Aca¬ 
demic Press, 1979. $19, 

Widespread destruction of beachfront 
homes in coastal Alabama by Hurricane 
Frederick in September 1979 was a dra¬ 
matic reminder of the inadequate scien¬ 


tific understanding and thoughtless de- 
velopment of the nation’s barrier islands. . 
In recognition of these problems there has ; 
beeti a recent proliferation of workshops, 
symposia, and conferences on barrier ;. 
islands. More will come in this “year of the ' 
coast.” A symposium held in Boston in 
March 1978, cosponsored by the Geolog¬ 
ical Society of America and the Society of f 
Economic Paleontologists and Miner- 1 
alogists, was one of the trendsetters, jj 
Barrier Islands is the proceedings volume 
of this symposium. 

The twelve contributions cover subjects 
directly applicable to island management i 
and present basic studies of the Holocene \ 
stratigraphic sequence of selected Hast [ 
Coast barrier systems. Coastal planners ; 
and managers will find valuable infer- S. 
mation on storm overwash, aeolian sand : 
transport, and the role of vegetated dune i 
in island stabilization. Conspicuously 
lacking is a complete ‘ ‘systems analysis” ; 
of sediment sources, sinks, and transport i 
pathways for a given barrier. This, how- i 
ever, is not an oversight by the editor, but I' 
a reflection on the state of the art, A sen- ; 
ous analysis of the sand budgets of sc- T 
lectecl barrier islands ought to be initiated. U 
ill the near future. 

A point well documented regarding . 
Holocene stratigraphy is the great vari- : 
ability within local environments of an i 
overall transgressive shoreline. This ; 
paper, by John C. Kraft and his co-work- \ 
ers, stresses caution in the use of getter- / 
alized models in paleoenvironmental re- I, • 
construction. jv: 

A significant amount of the material in f 
this book is not new, and some chapters | 
dealing strictly with a regional description j 
will be of limited use, On the whole, T 
however, the contents appear to reflect j 
the editor’s desire to present a balanced j. 
account of the range of current barrier j 
island research. As such, the book is a T 
welcome addition to the literature.—D hs ; 
Nummedal, Geology, Louisiana State | 
University 


Lithostratigraphie Analysis of Sedi¬ 
mentary Basins. C. E. B, Conybeare, 
555 pp. Academic Press, 1979. $39:50. 


Dr. Conybeare, of the Australian Na¬ 
tional University, has written a general 1 
review and commentary on the evolution ® 
of sedimentary basins, with particular 
emphasis on lithostratigraphy. It is in¬ 
tended as a reference for senior students 
and practicing geologists interested in 
basin analysis—that is, in trying to depict 
the solid geometry, structural and strati¬ 
graphic framework, and depositional en¬ 
vironments of sedimentary basins. For hi? 
purpose the author defines them as con¬ 
stituting “a pile of strata.” Many geolp-,_ 
gists focus on their tectonic framework j| 
instead, 

The subject matter is arranged in sec 


tions dealing with concepts of stratigra¬ 
phy, structure, and basin development, 
with depositional environments, with 
analysis of data, with construction of 
maps and sections, and with the applica¬ 
tion of basin analysis to economic geology. 
The result comprises brief and general¬ 
ized discussions of a wide-ranging collec¬ 
tion of examples, replete with strati¬ 
graphic sections, lithofacies maps and 
profiles, and keyed to an extensive bibli¬ 
ography. 

Although basins are the target, a dis¬ 
cussion of their classification is not clearly 
presented. In fact, there is no reference to 
recent classifications based on plate tec¬ 
tonics models. The role of seismic stra¬ 
tigraphy in the reconstruction of basins 
and of global stand of sea level has also 
been neglected, even though several 
seismic reflection profiles are included 
among the figures, Some topics, such as 
depositional environments, are rather 
inefficiently discussed under several 
headings, and thus the review is frag¬ 
mented. 

The text serves its title well. The dis¬ 
cussions of varied aspects of basin analy¬ 
sis, together with the abundant illustra¬ 
tions, provide a useful guide to concepts 
and methods. The effect is to emphasize 
the broad scope of the subject and the 
preparation needed for a systematic in¬ 
vestigation.— F, B, Van Houten, Geo¬ 
logical and Geophysical Sciences, 
Princeton University 


Marine Geology and Oceanography of 
the Pacific Manganese Nodule 
Province. James L. Bischoff and David 
Z. Piper, eds. Marine Science, 9.842 pp, 
Plenum, 1979. $49.50, 

Twenty years ago the first really good 
photographs of manganese nodules on the 
deep-sea floor brought one of nature’s 
most unusual mineral growths to every¬ 
one’s attention. Analyses of dredged 
samples from the north-central Pacific 
revealed high contents of copper, nickel, 
and cobalt. During the subsequent two 
decades manganese nodules have been the 
focus of increasingly broad investigations. 
The high metal contents qnd the enor¬ 
mous tonnages of nodules on the sea floor 
demanded that the possibility of eco¬ 
nomic exploitation be investigated. 
Though the papers in this volume do not 
address questions of economics—most 
information being proprietary—there is, 
nevertheless, an air of excitement about 
the volume, because most people sense 
that successful submarine mining of the 
nodules will occur in the not-too-far-dis- 
tant future. 

The Bischoff-Piper volume contains 
papers that grew out of research arising 
from the mass of data gathered by the 
DOMES (Deep Ocean Mining Enviro- 



Applications Invited for 
Executive Director Position 



The Search Committee tor Sigma Xi, The Scientific Research Society, 
inyites nominations and applications for.the position of Executive Direc¬ 
tor with duties to commence 1 July 1981. 

As chief operating officer of the Society, the Executive Director is re¬ 
sponsible for implementing the policies established by the Annual Assem¬ 
bly of Delegates, the Board of Directors and its Executive Committee, 
Direct responsibilities include: 

• Administration of the national headquarters office, 

• Maintaining, recruiting, training, and providing direction for ap¬ 
proximately 35 staff members, 

• Assisting the officers, directors, and committee chairmen in ful¬ 
filling their various functions. 

• Supervising and controlling, under the direction of the Treasurer 
and appropriate committees, the Society's finances, investments, 
and properties. 

• Serving as publisher ol American Scientist. 

The preferred candidate will he a Member of Sigma Xi whose efforts on 
behalf of the Society and abilities as a scientist are recognized by the scien¬ 
tific community. This person must be able to work effectively with peers 
and subordinates to develop an efficient support organization, 

Qualifications should include senior-level administrative experience, 
the ability to work within established budgets, an understanding of finance 
and investments, a knowledge of computer capabilities and limitations, 
and some background in publishing a scholarly or technical journal. 

The successful candidate must be capable of encouraging and building 
membership in the Society through personal contact with the scientific 
community, students and faculty at colleges and universities, and through 
speeches to appropriate groups. The person selected will assist in for¬ 
mulating new policies for the Society, work with other professional scien¬ 
tific organizations to encourage high-quality scientific research, and 
provide vigorous leadership which will enhance Sigma Xi’s position and 
reputation in the scientific community and in society. 

. Salary and perquisites, in the range of those for top-level academic and 
research administrators, will be commensurate with the duties and respon¬ 
sibilities of the position and the qualifications and experience of the in¬ 
dividual selected. Applications and nominations should include a resume' 
of professional experience together with a salary history, a:current cur¬ 
riculum vitae, a statement outlining reasons why the position of Exec¬ 
utive Director is of interest,, and the names and telephone numbers of 
three references. 

This material should be directed to the attention of 
Caryl P. Husltim 

Chairman, Executive Director Search Committee 
Sigma Xi, The Scientific Research Society 
•W.5 Whitney Avenue : 

New Haven, CTOtiSIl 

The Search Committee will begin the selection process on 1 September 
1980 with the expectation that the selection of the new Executive Director 
will be made between 15 February and 15 April 1981. 

Sigma Xi is an equal opportunity employer, 


JH 1980 May-June 325 


|! 





i 






: 









mental Study) program. The focus of the 
study was three rich nodule-sites in the 
north-central Pacific, The papers range 
from water, plant, and animal life studies 
to nodule chemistry and distribution and 
estimates of the rates at which nodules 
grow. 

Many of the data are unique, and even 
though it has taken a very long time to 
appear, the volume is an invaluable ad¬ 
dition to the literature concerning man¬ 
ganese nodules.—Brian J. Skinner, Ge¬ 
ology and Geophysics, Yale. University 


Life Sciences 


Climate and Evolution, Ronald Pearson. 

274 pp, Academic Press, 1978. $32.50, 

The title of this work suggests an at¬ 
tempt at a broad synthesis of the complex 
interactions of climatic change and or¬ 
ganic evolution, a timely and commend¬ 
able undertaking. Unfortunately, from an 
evolutionary perspective, it is not com¬ 
pletely successful. The Introduction sets 
the stage with a discussion of the general 
principles of climate, geological history, 
and evolution, followed by four chapters 
on the various factors that influence cli¬ 
mate and the major theories pertaining 
' thereto. Here, as throughout the book, the 
emphasis is on the concept of cyclicity in 
climate. The next three chapters provide 
i a brief synopsis of the climatic history of 
I the Paleozoic, Mesozoic, and Tertiary and 
" are followed by two chapters on the Qua¬ 
ternary ancl Recent and one on climate 
and human history. 

The primary thrust of the hook is on 
climate, with only a limited consideration 
of its effects upon evolution. Indeed, it is 
symptomatic of the work as a whole that, 
while its title is the same as that of W. D, 
Matthew’s classic work of 1915 (reprinted 
in 19! 19 and a central paper in historical 
; biogtmgmphy), Matthew is not referred to 
in the bibliography. Evolutionary theory 
is also completely ignored, and the ma¬ 
jority of the “evolutionary" citations are 
purely descriptive works on the fossil 
record, In short, little synthesis between 
climate and evolution has been attempt¬ 
ed, and there is a disappointing lack of 
fresh perspective. 

The same lack of synthesis pervades the 
discussion of climate, but here it is com¬ 
pletely offset by the encyclopedic expo- 
sition of jialimdiimtlie data and theories 
and by the extensive bibliography, In this 
respect, the book is a valuable reference 
tool to palcoolimnfic literature through 
11176 and may serve as a good, if didactic, 
text font palcoclimatology course, On the 
whole, however, the lawk fails to take fire 
with the potential synergism and excite¬ 
ment of its subject matter.. Bruce H, 

Ti(fnt% Biology: Yale University 


Hyman’s Comparative Vertebrate 

Anatomy, 3rd ed, Marvalee H. Wake, 

ed, 788 pp. University of Chicago Press, 

1979. $22, 

Marvalee Wake and some ten other 
workers have produced a thorough revi¬ 
sion of Hyman’s classic text of 1922 and 
1942. And, somewhat to my surprise, it is 
as much a revision as a new book. Hyman 
combined a text to accompany lectures 
and a laboratory manual in one volume. 
That approach is retained here, Her lab¬ 
oratory manual was probably the clearest 
(and most widely copied) ever produced, 
used by many people who disliked her 
text, The third edition retains most of 
Hyman’s laboratory directions, with few 
changes except for the omission of some 
comparative material (reptiles, rabbits, 
and so forth). 

The remainder of the volume is a rela¬ 
tively short comparative vertebrate 
anatomy text; it is essentially new, with 
little of Hyman’s original material, Most 
of the chapters are authoritative sum¬ 
maries of current knowledge, though 
many sections seem plagued by the over¬ 
generalizations that are so hard to avoid 
and the odd mistakes that invariably 
seem to creep into a new text. Examples 
of the latter which caught my eye include 
the statement that the Squamata are 
characterized, among other things, by 
teeth in sockets, a drawing of a bird skel¬ 
eton with the coracoid labeled “clavicle," 
and a drawing of a quite atypical nasal 
cavity, I believe an eel’s, with no reference 
to the animal in the caption or text; one 
more complete editorial check seems to 
have been needed. 

The book is nicely illustrated and 
printed. If you like a text and laboratory 
manual combined, this is obviously a book 
to be considered very seriously. I must 
admit that my prejudice is for separate 
books, and I wish that the laboratory 
manual section of this edition were 
available separately.—Thomas S, Par¬ 
sons , Zoology, University of Toronto 


Life Cycles; An Evolutionary Approach 
to the Physiology of Reproduction, 
Development and Ageing. Peter Oalow. 
164 pp, Halsted Press, 1978. $14.95. 

This is a book in search of an editor and 
desperately confused about its audience, 
(The reader is given a strong warning in 
the form of a long list of errata preceding 
the introduction.) Oalow has embedded 
three or four interesting ideas somewhere 
in a thicket of biological discussion that 
ranges from an irritatingly simplistic ac¬ 
count of gene regulation to a detailed de¬ 
lineation of Orgel’s “catastrophe theory" 
of senescence. The book begins with a 
brisk cruise through the life cycle, from 
thermodynamics to reproduction, the 
whole hung on a cybernetic model of en¬ 


ergy and information flow. For instance, 
all of Mendelian genetics, selection, and 
fitness are covered in five paragraphs. 
There follow three sections on growing, 
reproduction, and ageing, which either 
skim swiftly over notions such as cell- 
cycle dynamics, breeding systems, and 
survivorship patterns or are becalmed 
into discourse on metabolic efficiency, 
reproductive strategies, and rejuvenation, 1 
all clearly reflecting the published inter- J 
ests of the author. 

Peter Calow has tried to write a short 
hook that can simultaneously serve both 
the most introductory student and the 
advanced researcher interested in an ; 
original interpretation of some funda¬ 
mental problems, The former audience j 
will only be baffled by such sentences as: ; 
“In general evolutionary terms it is likely 
that the adaptability of reproductive 
strategies is itself adaptive,” and the latter 
audience should proceed directly to the 
author’s original papers where, I presume, 
supporting data and clearer presentation 
are provided. Abundant error and con¬ 
fusion result from the failure to make the 
illustrations self-explanatory or coinci* [ 
dent with the text. 

Worst of all, I missed any sense of the 
excitement that the biology of living or- j, 
ganisms can evoke in the observer. Nu¬ 
merous graphs and words are devoted to 
the metabolism, gamete production, and l 
rejuvenation of triclads (the organism of. ^ 
the author’s research), but nowhere do we f 
find out how interesting the natural his- | 
tory of flatworms can be. In sum: good | 
intentions severely wanting in deliv- | 
ery .—Robert Cook, Biology, Harvard 1 
University 


The Physiological Ecology of Tunas. 

Gary D, Sharp and Andrew E. Dizon, 

eds, 485 pp. Academic Press, 1978. 

$29.50. 

Nearly 150 years ago, tunas were found 
to be warmer than non-tunas in the same 
waters. About 70 years ago, this temper¬ 
ature difference was linked to special heat 
exchangers trapping muscle heat. For 
about 25 years, the concentration in tunas 
of mechanisms for efficient thrust and low 
drag has been frequently remarked upon. 
The unique suite of adaptations relating 
to the tuna propulsion system is now at¬ 
tracting the attention of ecologists and 
managers as they try to understand how 
tunas fit into seemingly unproductive 
habitats. 

The explosion of recent studies on all 


occasion for this book—a recognition of 
the tardy interest in an economically im¬ 
portant and evolutionarily distinct group. 
The objective is to gather together the 
various research threads with a view to 
efficient consolidation of future research 
efforts, and to attract new investigations. R 


The editors are successful in at least the 
first endeavor, 

Their success, however, is not without 
problems. As in many multiauthored 
texts, the quality of contributions varies. 
In this book, the problem is exacerbated 
by a range of contributions from mini¬ 
reviews to reports of uncompleted re¬ 
search. In addition, many topics overlap 
and much integration is left to the reader. 
The value of the book is diminished by the 
absence of an index; cross-reference to 
other sections in the text is an inadequate 
substitute. The serious reader will prob¬ 
ably also find aggravating the frequent 
references to unpublished manuscripts. 
Perhaps the book is best viewed as a 
progress report. 

Nevertheless, as a unique collection of 
current ideas on tuna physiological ecol¬ 
ogy, the volume will be an essential re¬ 
source for those working, or intending to 
work, in this area. Those motivated by 
curiosity alone will also find fascinating 
and stimulating ideas .—Paul W. Webb, 
School of Natural Resources, University 
of Michigan 


Settlement and Metamorphosis of 

Marine Invertebrate Larvae. Fu- 

Shiang Chia and Mary E. Rice, eds. 290 

pp. Elsevier North-Holland, 1978. 

$25. 

Anyone working on developmental 
processes in marine invertebrates is aware 
of the influence of Robert L. Fernald, of 
the University of Washington’s Friday 
Harbor Laboratories. This volume—the 
result of a symposium convened in honor 
of his retirement and sponsored by the 
American Society of Zoologists, in De¬ 
cember 1977—consists of invited papers 
by twenty developmental zoologists who 
directly or indirectly have benefited from 
the scholarship, association, and encour¬ 
agement of Professor Fernald. 

The papers are presented in phyloge¬ 
netic sequence, with twelve phyla repre¬ 
sented. Most contain original research, 
and several excellent reviews bring to¬ 
gether existing scattered information. The 
general format includes an abstract, in¬ 
troduction, and a list of references. Ref¬ 
erences are cited in the text by numbers, 
which allows for an even flow of ideas but 
distracts from the historical perspective. 
It is disappointing that the references do 
not include titles of papers. Because the 
papers are often morphological in content, 
the authors depend heavily on photomi¬ 
crographs. On the whole the illustrations 
are well done, and the papers by Ruppert, 
Woollacott and Zimmer, Rice, Eckelbar- 
ger, and Cloney are accompanied by ex¬ 
ceptionally high quality micrographs, 

One of the most stimulating contribu¬ 
tions is Hadfield’s on molluscan larvae. 
Hadfield develops a model for molluscs 
based on development and metamor¬ 


phosis in anurans. He suggests compari¬ 
sons of the well-investigated actions of 
thyroxine during anuran metamorphosis 
to the less well known stimuli and re¬ 
sponses of molluscan larvae. 

A common approach ties these papers 
together. One often suspects that some 
threads go back to original ideas gener¬ 
ated in Fernald’s embryology course. 
Many exciting questions present them¬ 
selves to the reader, especially in relation 
to environmental clues and chemical 
controls of the processes described. 

Chia and Rice must be congratulated 
for their careful editing of the manu¬ 
scripts and on the speed of publication, 
especially since so much original research 
is included. The volume is a must for in¬ 
vertebrate zoologists and is bound to 
stimulate new ideas among potential re- 
searchers.—M. Patricia Morse, Marine 
Science Institute, Northeastern Uni¬ 
versity, Nahant, MA 


Arthropod Phylogeny with Special 

Reference to Insects. H. Bruce Bou¬ 
dreaux. 320 pp, Wiley-Interscience, 

1979. $21.50. 

Boudreaux’s is the broadest attempt to 
date to apply phylogenetic methods 
(cladistics) to the study of arthropod in¬ 
terrelationships. The subject is contro¬ 
versial, with some workers (usually func¬ 
tional morphologists) arguing that ar¬ 
thropods, raandibulates, and insects are 
not natural groups (i.e. are polyphyletic) 
and others (usually systematists) arguing 
for their monophyly. Boudreaux’s brief 
introduction to cladistics confuses out¬ 
group comparison with the dubious'use of 
commonality to determine “primitive" 
characters; his application of the method 
is nonetheless largely successful. 

Regarding the major area of contro¬ 
versy, Boudreaux argues that Onycho- 
phora and Arthropoda are valid sister 
phyla, rejecting the group Uniramia 
(onychophorans, myriapods, ancl Insects) 
on the grounds that the four characters 
supposedly supporting it are either not 
homologous within the group (whole-limb 
mandibles) or not unique to it, and dis¬ 
cussing in detail 17 other features he be¬ 
lieves to be unique to (i.e. synapomorphic 
for) arthropods but not onychophorans. 
Boudreaux also accepts the groups Man- 
dibulata and Insecta, which are less 
problematical because the arguments do 
not involve similar cases of apparent 
character contradiction; polyphylists have 
thus far shown only that some constituent 
subgroups (crustaceans and the non- 
pterygote insect orders, respectively) have 
unique characters of their own, not that 
those subgroups are more closely related 
to non-mandibulate or non-insectan or¬ 
ganisms, 

Less convincing are Boudreaux’s at¬ 
tempts to place fossil taxa into dichoto- 
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mous cladograms, based on fragmentary 
and sometimes outdated information, but 
his suggestions do provide hypotheses for 
paleontologists to test, The extensive 
treatment of insect interrelationships 
follows now-conventional views in the 
non-pterygotes but contains numerous 
innovations within the Pterygota. A su¬ 
bordinated classification reflecting all the 
offered phylogenetic hypotheses covers 
arthropods in general to the level of con¬ 
ventional classes, and insects to the level 
of conventional orders; this classification 
is complex (requiring 13 categories be¬ 
tween class and order) but precise, and 
should prove useful, considering the vast 
number of species included, Boudreaux 
has placed the burden squarely on the 
polyphylists: to refute the putative syna- 
pomoi'phies he provides and to find con- 
flicting ones (if they m&t),~Naman I. 
Platnick, Entomology, American Muse¬ 
um of Natural History 


The Ciliated Protozoa: Characteriza¬ 
tion, Classification and Guide to the 
Literature, 2nd ed. J, O. Corliss, 455 pp. 
Pergamon Press, 1979, $40. 

This encyclopedic and profusely illus¬ 
trated book is a greatly expanded, com¬ 
pletely reworked, and updated version of 
Corliss’s 1961 monograph and will be of 
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interest to all systematists and students 
of protists. There has been an explosive 
increase in ciliate studies since the first 
edition of this book appeared. The rapid 
accumulation of new information, espe¬ 
cially on comparative ultrastructure of the 
cell cortex, and detailed developmental 
studies have led to substantial reassess¬ 
ment of the p'hyletic organization of the 
phylum. 

The first of three parts discusses the 
significant features of each of the major 
groups of ciliates and summarizes the 
major areas of research activity for each, 
with many references to recent reviews 
and major papers. At the beginning of the 
section there is a brief chapter (too brief, 
in my opinion) that provides a general 
description of the phylum and a massive 
glossary, of approximately 700 terms and 
concepts used in ciliate studies, which is 
accompanied by a nicely executed set of 
line drawings illustrating most of the 
structural features referenced in the 
glossary. This section ends with a dis¬ 
cussion of evolutionary and phyletic 
trends within the phylum. 

The second part includes a comparison 
of recent taxonomic schemes for the 
phylum (nine since 1960) and presents 
Corliss’s own scheme with descriptive 
diagnoses of all families and higher taxa, 
a complete list bf genera with literature 
references, and line drawings of most of 
the genera. 

The third portion of the book is an an¬ 
notated guide to the literature and an 
extensive bibliography of more than 2,900 
references (nearly 2,000 from the last two 
decades). This section alone will serve as 
a substantial resource for those working 
in the field. 

This book is a significant contribution 
and will stand as a milestone in the biol¬ 
ogy of protists,_ The only major short* 
comings are in its production,-James D, 
Merger, Zoology, University of British 
Columbia 


Locomotor Morphology of the Vam¬ 
pire Bat, Desmodus rotundus, J. 
Scott Altenbach. Special Publication, 
f 6.137 pp, Pittsburgh: American Society 
ofMammalogists, 1979. $10. \ 

• Altenbach has analyzed resting pos¬ 
tures, walking, jumping, flight, takeoff, 
(and landing behavior in vampire bats, 
.mostly using high-speed motion and still 
photography. He also describes, in detail, 
the gross morphology of the postcranial 
(skeleton and of the muscles of the shoul¬ 
der and wing. The roles of many muscles 
(have been further explored by elec¬ 
tromyography in intact, moving subjects. 
Vampires are the raost terrestrial of bats 
and seemingly the most quadrupedal and 
acrobatic. This monograph will greatly 
(interest functional morphologists and 
mammalogists in general. —Alvin Novick, 
Biology, Yale University 


Bioluminescence in Action. Peter J. 

Herring, ed. 570 pp. Academic Press, 

1978. $51.75. 

It is ambitious even to attempt to 
update E. N. Harvey’s Bioluminescence, 
but this book is partly successful, I think, 
and can be useful as a reference on biolu- 
minescent species. In spite of the first 74 
pages on the physics and chemistry of 
light emission in general, there is almost 
nothing concerning the biochemistry of 
the different systems, except for a single 
chapter on comparative aspects of bio¬ 
chemistry by Cormier and a very short 
discussion of the firefly reaction mecha¬ 
nism by McElroy and Deluca. 

The relationship between the luciferins 
of Cnidaria, Ctenophora, and Crustacea 
is an interesting new finding in this field 
and is well described by Cormier. Not all 
bioluminescence falls into this category, 
however, The remainder of the book is 
devoted to descriptions of the morpholo¬ 
gy, behavior, and possible evolution as¬ 
sociated with the emission of biolumi¬ 
nescence. Subcellular sources of light are 
treated in one subsection of four pages by 
Buck and in a few other brief remarks 
elsewhere—surely an invitation to in¬ 
vestigate the subject! All the references 
are placed together at the back of the 
book, a procedure which no doubt avoids 
duplication but which I find inconve¬ 
nient. 

In spite of these shortcomings, the 
volume is probably worth space in the li¬ 
brary of anyone working on this subject. 
Perhaps it will stimulate more “action" in 
the future,—Beatrice M. Sweeney, Bio¬ 
logical Sciences, University of California, 
Santa Barbara 


Mammals of the Eastern United 

States, 2nd ed. William J. Hamilton, 

Jr., and John 0. Whitaker, Jr. 346 pp. 

Cornell University Press, 1979. 

$19.95. 

Hamilton’s 1943 book on the land 
mammals occurring east of the Missis¬ 
sippi River has been a standard reference. 
Mammalogists have eagerly awaited this 
new edition, the updating of which was 
done by one of Dr. Hamilton’s last grad¬ 
uate students. 

Changes are not extensive, Photo¬ 
graphs of skulls and accounts of sub¬ 
species have been deleted and keys added. 
The book is illustrated with numerous 
black-and-white photos and line draw¬ 
ings, most of which appeared in the first 
edition. Distribution maps are given for 
most species. Changes in the text include 
the addition of some personal observa¬ 
tions by Whitaker and occasional mention 
of recent work by others.. 

Most of the text is a reprinting of the 
first edition, and unfortunately there have 
been no revisions in instances where more 
recent work has changed the facts, For 


example, the paragraph on the Florida 
mastiff bat includes the suggestion that 
the animal may have come from Cuba on 
a fruit steamer. Koopman showed in 1971 
that the species has been in Florida since 
the Pleistocene and is easily separable 
from the Cuban form. Hamilton’s reports 
of hearsay information should have been 
removed. For example, the amount of the 
wood rat includes the statement that 
“The mountain people tell us that this big 
rat sometimes descends from the hills to 
capture young chickens.” Some errors 
have been corrected, but others have not; 
a big-eared bat is still said to have a foot 
measuring 40.2 mm. 

Most disappointing is the authors’ 
failure to update the distributional data. 
Not only did they fail to search the liter¬ 
ature for original reports, but obvious 
secondary sources such as Hall and Kel¬ 
son’s Mammals of North America (1959), 
and Barbour and Davis’s Bats of America 
(1969) were apparently ignored. For ex¬ 
ample, Plecotus rafinesquii was reported 
from West Virginia in the Journal of 
Mammalogy in 1948. Distribution maps 
in Hall and Kelson, Barbour and Davis, 
and Handley’s (1959) revision of the 
genus all show the record from that slate, j 
An outdated map appears for the wood- ; 
land jumping mouse, although Whitaker j 
himself published an accurate one in 1972. j 
In those instances where maps have been * 
updated the accounts of distribution in ^ 
the text remain unchanged. The big | 
brown bat, mapped in Florida in 1943, was | 
erroneously deleted from th^t state. An- | 
other map perpetuates the 1 ''myth that I 
snowshoe hares occur in the Smokies, al- I; 
though there is no evidence that they have f 
ever occurred there. 

This new edition is a major disap- ! 
pointment. It should not have been pub- j 
lished.— Wayne H. Daois, Biological | 
Sciences, University of Kentucky I 


Biochromy: Natural Coloration of Living 
Things. Denis L. Fox. 248 pp. Univer¬ 
sity of California Press, 1979. $24.50, 
In the Preface to this excellent bool: 
Fox points out that the majority of his | 
previous writings on the subject of plant j 
and animal biochromes have been ad- j 
dressed primarily to the professional sci¬ 
entist, In this book, however, his intent is 
to share his knowledge of this fascinating 
field with “the inquisitive general reader.'' 
He has accomplished this task admi¬ 
rably. 

The Introduction contains a concise 
and simple overview of the basic infoc 
mation needed by the general reader as a 
foundation for the more technical dicus- 
sions .offered later. Armed with this in¬ 
formation, we are led through discussions 
of coloration brought about by scattered 
light and interference and into chapters 
devoted to specific pigment types. The 


latter include the ubiquitous carotenoids, 
the quinones, flavonoids, tetra pyrroles, 
flavins, purines, pterins, and nitrogenous 
metal-bearing bioehromes. In each of 
these chapters the author explains the 
origin of the biochrome, its biological 
importance where known, and various 
aspects of the distribution and biochem¬ 
istry of the material under discussion. 

The book includes a series of 48 color 
photographs that appear to serve no real 
function. On the other hand* a special and 
excellent feature is the carefully thought 
out and appropriate Selected Bibliogra¬ 
phy, which directs the reader to the lit¬ 
erature most valuable for furthering his 
or her knowledge of this field. 

This is an excellent book, well written 
and unusually useful for “the inquisitive 
general reader” as well as for the profes¬ 
sional who needs such information to 
supplement his own research. To me, one 
of the most rewarding aspects of the vol¬ 
ume is the honest, simple, and often hu¬ 
morous way Fox shares the joys and 
wonders of working in this field and the 
“abiding love for living nature” which has 
served him so well during a lifetime of 
signficant work on biochromes. This is 
indeed a fine, useful, and rewarding 
book.—- Welton L, Lee, Invertebrate 
Zoology, California Academy of Sciences, 
San Francisco 


Host-Parasite Interfaces. Brent B. 

Nickol, ed, 144 pp. Academic Press, 

1979. $11. 

This book includes a series of papers 
from a symposium honoring the late 
Professor Harold Winfred Manter. As 
outlined in the Preface, the objective of 
both the symposium and the book was to 
present an overview of host-parasite in¬ 
teractions within the time frame of a few 
days or in approximately 140 pages of 
camera-ready text. These limitations do 
not, however, diminish the quality of the 
book in terms of content or excellence of 
editing and reproduction. 

Following some brief recollections of 
Professor Manter, an obviously well¬ 
loved, respected, and talented man, are 
contributions from eight well-known in¬ 
vestigators. Aside from particularly ex¬ 
citing and incisive discussion, the most 
outstanding feature of the book is the 
wide range of interests reflected by the 
various authors. Included are consider¬ 
ations of the evolutionary origin of intra¬ 
cellular parasitism, the regulation of 


ner. Ranging from immunology to evolu¬ 
tion and from biochemistry to ecology, the 
book offers an impressive view of the in¬ 
triguing way of life of a very large and 
highly successful group of organisms,— 
Gerald W, Esch, Biology, Wake Forest 
University, Winston-Salem, NC 


Nursery Care of Nonhuman Primates. 

Gerald C. Ruppenthal, ed. Advances in 

Primatology. 333 pp. Plenum, 1979. 

$32.50. 

Only recently has the diminishing 
supply of wild-caught nonhuman pri¬ 
mates begun to cause many biomedical 
researchers both to question the profligate 
abandon with which they have used such 
animals in their work and to turq to the 
problems of maintaining self-sustaining 
captive colonies of primates. This book 
stems from the second of these concerns, 
It consists of 25 chapters nominally 
dealing in one way or another with the 
rearing of infant primates that, for. 
whatever reason, have to be separated 
from their mothers. 

But in many cases what is in fact de¬ 
scribed are experimental manipulations, 
some of them actually reducing the pos¬ 
sibility of having any offspring to rear at 
all. In one case, for example, pregnant 
female macaques were harassed daily for 
months to determine whether this would 
increase the rate of fetal loss. We now 
know, at the expense of these unfqrtunate 
animals, that if we wish to maximize the 
chances of successful pregnancy in fe¬ 
males with high risks of losing their fe¬ 
tuses, we should refrain from gratuitously 
victimizing them. 

However, despite the fact that the book 
is redolent of steam-cleaned stainless steel 
and restraining apparatus, there is a cer¬ 
tain amount of useful normative infor¬ 
mation to be dug out of it, although not 
necessarily with ease. Macaques, partic¬ 
ularly Macaca nemestrina, receive the 
most comprehensive coverage (17 chap¬ 
ters), but possibly the most useful section 
of the five in the book is that on “exotic” 
species—gibbons, marmosets, tamarins, 
douroucoulis, and capuchins—where the 
emphasis is mostly on practical problems 
associated with the hand-rearing of in¬ 
fants.— Ian Tattersall, AmericanMuse- 
um of Natural History, New York 
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within aquatic systems, biochemical 
sp ecificity between plants and their par¬ 
asites, molecular mimicry and host-par¬ 
asite adaptation, and recognition mech¬ 
anisms by plant hosts and their parasites. 
Within these and other chapters, such 
parasites as viruses, bacteria, fungi, pro¬ 
tozoa, helminths, and cowbirds are dis¬ 
cussed and examined in a dynamic man¬ 


introduction to the Microbial World, 
Roger Y, Stanier, Edward A. Adelberg, 
John L. Ingraham, Mark L. Wheelis, 
468 pp. Prentice-Hall, 1979. $16.95, 

For this text aimed at students with a 
limited background in the biological sci¬ 
ences, the authors have reorganized much 
of the information found in The Microbial 
World, by Stanier, Adelberg, and Ingra¬ 


ham (4th ed., 1976), and the new organi¬ 
zation seems extremely well suited for a 
beginning course in microbiology. With a 
few exceptions, terms are defined as they 
are introduced; nevertheless, a glossary 
would have been helpful. A major disap¬ 
pointment is the conspicuous absence of 
post-1976 information pertinent to “a 
modern synthesis of mjcrobiological 
knowledge,” the book’s avowed aim. For 
example, information on the taxonomy of 
methanogenic bacteria, which has to some 
extent shaken the foundations of micro¬ 
bial systematics, is not considered here. 

In general, the book is free of mistakes 
and inaccuracies. It should be pointed out, 
however, that the authors do make some 
claims; perhaps in an effort to simplify the 
material, which just do not hold true. It is 
not factual, for example, to claim that 
“the growth yields of lactic acid bacteria 
are unaffected by the presence or absence 
of air” 

I have pointed out aspects of this book 
that were bothersome, but overall I found 
it to be well written, readable, and well 
organized for its purpose. Furthermore, 
the authors have done a remarkable job of 
covering the variety of subdivisions in¬ 
cluded under the heading of Microbiolo¬ 
gy. The perspective is that of a “general 
microbiologist,” and the book can surely 
kindle a fascination with microbes. I 
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would recommend that it be seriously 
considered as a textbook by anyone who 
appreciates The Microbial World, as I do, 
but finds it a bit too sophisticated for a 
beginning class,— E. P. Greenberg, Mi¬ 
crobiology, School of Agriculture and Life 
Sciences, Cornell University 


Biology of Seaweeds: Levels of Organi¬ 
zation. A. R. 0. Chapman. 134 pp. 
University Park Press, 1979. $10.76 
paper, 

This is an impressive little paperback, 
written to serve as a touchstone for 20 or 
so lectures introducing the biology of 
seaweeds. Chapman departs from the 
usual systematic approach to algal biology 
in organizing the book around a func¬ 
tional approach, beginning with cells, 
whole organisms, populations, and then 
proceeding to communities. The approach 
is especially germane for the three divi¬ 
sions of the plant kingdom which in the 
course of evolution have converged in the 
same habitat—the fringes of the ocean 
basin—and the same habit—the seaweed. 
Here, the distinct genetic repertoires are 
a diversity of solutions for the same eco- 


metabolism, ecology, economic activities, 
and possible evolution of this very inter¬ 
esting group of anaerobic microorganisms. 
The author’s style is excellent and easy to 
follow. 

The chapter on growth, cultivation, and 
enumeration will be of great value to 
anyone wishing to study these organisms, 
and the very complete treatment of me¬ 
tabolism brings into perspective the latest 
available information on electron trans¬ 
port, energy production, sulfate reduc¬ 
tion, carbon dissimilation, and the me¬ 
tabolism of nitrogen and phosphorus. A 
large section on the ecology, distribution, 
and economic activities of these organ¬ 
isms will interest any ecologist and/or 
microbiologist trying to gain an under¬ 
standing of their role in our global 
ecology. 

The author is to be congratulated on 
providing a monograph that is not a sim¬ 
ple compendium of facts but rather brings 
into focus the relation of the activities of 
these microorganisms to the important 
roles they play in pollution, sulfur depo¬ 
sition, corrosion, and destruction of oil- 
producing capability.—Kenneth K An¬ 
derson, Biology, Saint Bonaventure 
University, NY 


camp. A photograph of the footprint ac- I 
companies the author’s sincere effort to |; 
rule out all other interpretations. He f; 
comes away a believer, and the reader f. 
comes away thinking something very in* 
teresting may be living in those magnifi- j 
cent valleys .—Robert Cook, Biology, 
Harvard University 1 


The Biological Revolution: Applica- : 
tions of Cell Biology to Public Welfare. ' 
Gerald Weissmann, ed. 154 pp. Ple¬ 
num, 1979. $15.95. 

The word “revolution” in the title of 
this book is misleading—the subtitle far \ 
more accurately describes its contents. As 
Lewis Thomas warns in his concluding 
chapter: “Over the past 25 years we have ; 
made too many promises, predicted too 
much too soon, and bragged much too ?■ 
much. ” But this collection of informative 
and interesting chapters, summarizing : 
past and current research, aims “to in* : 
struct us all in the use that has been made ; 
of our new knowledge” of cell biology for 
“the general benefit to the public wel- v 
fare,” ' 1; 

Applications discussed are the ceil cycle ! 
and the treatment of cancer (E. Fret III), 


logical problems. 

The insight given to the student, comes 
from the author’s unification of trends 
and concepts. Information in the early 
chapters on cell structure and function, 
thallus structure and life histories, can be 
found in more traditional texts, but is 
included for expository completeness. 
New are Chapman’s syntheses of the 
functioning of whole seaweeds, popula¬ 
tions, and communities. Here, a nascent 
literature is brought together for the first 
time in a unique and valuable way, The 
syntheses signal the maturation of a bio¬ 
logical field woefully behind its analogues, 
a shift from description to experiment, 
from the observational to the analytical. 

. : ; Chapman begins with germane eco¬ 
logical theory developed for other sessile 
organisms, primarily marine invertebrates 
and vascular plants, then places seaweed 
data, sometimes rearranged from the 
original, in the context of available theory. 
His approach should direct students of 
seaweed biology to areas that need better 
understanding. If the book accomplishes 
this purpose, then Chapman’s next at¬ 
tempt at the unification of seaweed biol¬ 
ogy should be enriched by new informa¬ 
tion.—J. Ramus, Duke University Ma¬ 
rine Laboratory, Beaufort, NC 


The Sulfate-Reducing Bacteria, J. R, 
Postgate. 151 pp. Cambridge Univer¬ 
sity Press, 1979. $29.50. 

This monograph provides the first 
synthetic view of the structure, growth, 


The Arun: A Natural History of the 
World’s Deepest Valley. Edward W. 
Cronin, Jr. 236 pp. Houghton Mifflin, 
1979. $10.95. 

One of the most magnificent landscapes 
in the world follows the upper reaches of 
the Arun River through eastern Nepal, 
and Edward Cronin, Jr., has written a fine 
description of the forest and alpine wild¬ 
life seen during a four-year expedition 
into the valley, He captures the intellec¬ 
tual excitement of new exploration and 
discovery, as well as a deep sympathy lor 
the history of the land, its people, and the 
accelerating pace of population growth 
and local degradation of the environ¬ 
ment. 

The early chapters recount the orga¬ 
nizational logistics of the Arun Valley 
Wildlife Expedition, the diverse personal 
and scientific interests of its members, 
and the establishment of the base camp at 
the foot of the Himalayas, Cronin then 
takes the reader through the higher 
vegetational zones, reporting the natural 
history of the wildlife with a highly in¬ 
formed and broad perspective, The final 
chapters show us the lives of the local hill 
people, their thin grip on subsistence in 
this harsh country, and Cronin’s sad ac¬ 
quiescence to the inevitability of change 
for the worse in the face of expanding 
forest destruction and rapid erosion, 

For me, the high point arrived with the 
yeti in Chapter 8. On the night of 17 De¬ 
cember 1972, at 12,000 feet on Longmaa 
Laa, something very large left a bipedal 
trail of tracks through Cronin’s sleeping 


reproduction and the population problem I 
(D. Fawcett), hormones and insect contra! j 
(C, Williams), nerve cells and the mech¬ 
anisms of behavior and learning (K 
Kandel), enzyme replacement and the 
treatment of genetic diseases {G. Weiss- 
mann), and environmental chemicals aid 
mutation and cancer (B. Ames). An in¬ 
troductory chapter by Senator Edward 
Kennedy stresses the need for basic and 
applied research in biomedical topics, and 
Thomas’s chapter expresses the view that 
medicine, now at the early stages of be¬ 
coming a science, will with much effort 
earn its keep. 

With ample references for further 
reading and adequate diagrams and il¬ 
lustrations, the book will be useful to ad¬ 
vanced high school and college biology 
students and to biologists who wish to 
grasp quickly the progress in these areas 
of biomedical research. Even those with 
little biological training should be ablet* 
understand much of the book.—(Mi 
T. Caballe, Biology, Yale University 


Polycyclic Aromatic Hydrocarbons it j 
the Aquatic Environment: Sources. 
Fates and Biological Effects. Jerry M. 
Neff. 262 pp. Barking, Essex, UK: Ap¬ 
plied Science, 1979. $42. 

Until recently it was generally thought 
that polycyclic aromatic hydrocarbons 
were formed only during high-tempera 
ture (700° C) pyrolysis of organic materi¬ 
als. Now it is believed that low-tempera¬ 
ture (100-150° C) exposure of organic 
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substances over longperiods generates the 
polycyclic aromatic hydrocarbons 
(PAH). 

The PAH represent a class of com¬ 
pounds that includes the well-known 
carcinogen benzo(«)-pyrene as well as 
many members that are metabolically 
transformed into carcinogens. Apart from 
this carcinogenicity, little is known for 
most of the PAH members about toxicity 
to and sublethal biological effects on 
aquatic organisms. 

PAH seem to be products of human 
activity, although at one time a theory 
held that they were synthesized in the 
bacteria of plants. The theory is now dis¬ 
credited for the very reason that this book 
was written: PAH are everywhere and 
there doesn’t seem to be any such thing as 
an uneontaminated sample. 

Although the book is mainly concerned 
about effects on the aquatic environment, 
the author provides an excellent account 
of the sources of PAH and their long- 
range transport through the atmosphere. 
PAH are produced in practically all do¬ 
mestic and industrial activities involving 
heat. They are released into the environ¬ 
ment either adhering to particulates or 
vaporized, literally transported around 
the world, and gradually washed out of 
the atmosphere by rain or snow or simply 


by dry fallout. While in the atmosphere, 
PAH interact chemically with other at¬ 
mospheric components, principally 
through photooxidation. This interaction 
produces a number of oxygenated deriv¬ 
atives, including quinones, which are even 
more toxic than the parent hydrocar¬ 
bons. 

If all the PAH reaching the world’s 
aquatic environment were evenly dis¬ 
tributed, the concentration would be too 
low to detect. Most of the environmental 
PAH burden, however, remains relatively 
localized near the source. PAH concen¬ 
trations are therefore disturbingly high in 
the waters adjacent to industrial areas. 

This book is long on analytical data and 
discussion of the chemistry of the move¬ 
ment of PAH, but short on information 
about biological effects. Part of this bias 
reflects the kind of information available 
about environmental contaminants as a 
whole, What biological data does exist 
mostly concerns uptake of PAH by 
aquatic organisms. The book does point 
out that at concentrations of PAH found 
in the environment, adverse biological 
effects on aquatic organisms occur, There 
is no reason to expect that aquatic or¬ 
ganisms are more sensitive to PAH than 
other organisms, and land animals, con¬ 
stantly breathing these chemicals into 


their internal environment, must perforce 
suffer stressful effects. 

The book is well written and provides 
highly detailed information concerning 
analysis and chemical transport. There 
are numerous tables and plenty of refer¬ 
ences for the expert looking for back¬ 
ground information .—Ross H. Hall, 
Biochemistry, McMaster University 
Health Sciences Centre 


Quantitative Genetic Variation, James 
N, Thompson, Jr., and J. M, Thoday, 
eds. 305 pp. Academic Press, 1979, 
$19.50. 

Quantitative, or continuous, variation 
became a subject of genetic investigation 
even before the rediscovery of Mendel’s 
principles in 1900, Quantitative variation 
(as observed with respect to height, 
weight; number of offspring/longevity, 
and so on) is fundamental to the evolu¬ 
tionary process as well as to the breeding 
of domestic animals and plant crops, 
Quantitative genetics eventually devel¬ 
oped as a special brand of genetics that 
relies heavily on certain mathematical 
and statistical methodologies. 

This book intends “to present a survey 
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of some of the experimental approaches 
to quantitative genetic variation, sum¬ 
marize the major contributions of each 
approach, and discuss their potential 
applications and limitations,” The au¬ 
thors of the 17 chapters include distin¬ 
guished quantitative geneticists. 

People with a general knowledge of 
genetics who are unfamiliar with quanti¬ 
tative genetics may find this book a fair 
(albeit incomplete) introduction to the 
field. Some chapters are, indeed, excellent 
reviews of basic methodology (e.g. J, L, 
Jinks on “The Biometrical Approach to 
Quantitative Variation”), of the experi¬ 
mental investigations of particular traits 
(e.g. R. Milkman on “The Posterior 
Crossvein in Drosophila as a Model 
Phenotype”), and of particular problems 
(e.g. J. M. Thoday on “Polygene Map¬ 
ping” and J. N, Thompson on “Polygenic 
Influences upon Development”). 

The volume has little, if anything, new 
(it was not intended to) and hence is un¬ 
likely to have any lasting effect on the 
field. Important areas of quantitative 
genetics research (as well as many emi¬ 
nent practitioners) have been left out of 
the collection, which limits its use as an 
introduction to the field.—Francisco J. 
Ayala, Genetics, University of California, 
Davis 


Marine Mycology: The Higher Fungi. 

Jan and Erika Kohlmeyer, 690 pp. Ac¬ 
ademic Press, 1979. $59.50, 

Sustained interest in the marine fungi 
over the past two decades has partially 
outdated the first comprehensive treatise 
on these organisms, Fungi in Oceans and 
Estuaries by Johnson and Sparrow 
(1961). Herein lies the purpose of this 
reference work: to summarize a sizeable 

- body of new information, obtained to a 
large extent by the Kohlmeyers them¬ 
selves, on marine ascomycetes, basidi- 
omycetes, and deuteromycetes. 

The treatise is divided into two parts. 
The first is a text on the biology of marine 
fungi, including ecological roles, phytog¬ 
eny, ontogeny, physiology, and distribu¬ 
tion, The narrative scintillates with in¬ 
teresting facts. A taxonomic monograph, 

- divided into yeasts and filamentous 
forms, follows, complete with descriptions 
of each genus and species, substrates, 
range, etymology of scientific names, and 
germane literature, The dichotomous key 
leads to all species with a minimum of 
erudite vocabulary, The precise descrip¬ 
tion of each taxon is complemented by 
illustrations of representatives of each 
genus. - 

The illustrations, which include some 
fine-line drawings and many bright-field 
and interference phase contrast photo¬ 
micrographs, are consistently excellent. 
They serve an invaluable role in the 
identification process, for the fungi are 


difficult to key. The high-quality paper on 
which the treatise is printed is important 
for those who with dripping fingers at¬ 
tempt to key a newly collected speci¬ 
men—their source book will not dissolve 
in the course of a few weeks’ work. The 
treatise is a scholarly set piece, and it will 
remain useful. 

This book is the learned and highly 
crafted work of a lifelong team. Recently, 
Erika passed from our midst, before her 
time. Her legacy, in part, is these gifts: the 
treatise and Jan’s commitment to con¬ 
tinue their work,—J. Ramus, Duke 
University Marine Laboratory, Beaufort, 
NC 


Leafhopper Vectors and Plant Disease 
Agents, Karl Maramorosch and Kerry 
F, Harris, eds. 654 pp, Academic Press, 
1979. $39, 

This book, containing 19 contributed 
chapters, is divided into five parts, which 
exhaustively cover most aspects of the 
transmission of plant pathogens by hop¬ 
per vectors. The first part adequately 
treats the taxonomy and biology of leaf- 
hoppers, The second takes an encyclo¬ 
pedic approach to discussing the world¬ 
wide importance of hoppers as vectors but 
leaves out their role in the epidemiology 
of plant disease agents in such important 
regions as the Americas and tropical 
Asia, 

A lengthy but well-written chapter in 
the third part covers the hopper vector- 
virus relationships, but the discussion of 
aphid vectors is out of place, especially 
because a recent book edited by the same 
authors was devoted to aphids as virus 
vectors, In addition, the important topic 
of control of hopper-borne plant patho¬ 
gens is not adequately covered except for 
rice viruses. If the information in the 
chapters on specific pathogens (Part 5) 
had been incorporated into other, general 
chapters the book would have been more 
concise and useful to students, 

The volume should prove helpful to 
researchers in the specific field of hopper 
transmission of plant disease agents, since 
no other book entirely devoted to the 
subject is available,— Ramesh C. Sinha, 
Chemistry and Biology, Agriculture 
Canada, Ottawa 


North American Species of Lactams, 
L. R, Hesler and Alexander H, Smith, 
841 pp, University of Michigan Press, 
1979. $25, 

The latest offering by the deans of 
North American taxonomy of fleshy 
fungi, this floristic essay on one of the 
larger genera of mushrooms is also the 
most extensive, It may be the last, for the 


senior author died in 1977. That he laid 
the foundation for the publication in five* 
years of constant work, and that the 
manuscript was in the hands of the junior 
author for revision and publication for 
another five, attests to the scope and 
depth of the investigation. Far from being 
limited to North America, the study re¬ 
quired understanding and/or educated 
perception of numerous European names 
and their representative circumscriptions, 
many of which are included. Accompa¬ 
nying the text are 249 line drawings and 
154 invaluable black-and-white photos of 
fruitbodies. An appendix by Homola and 
Weber on SEM micrographs of Lactams 
basidiospores, while edifying, would have 
been better as an independent paper. 

I have had experience with two editions : 
of a key to subgenera of Lactams, of , 
which the more difficult (by far) has been \ 
chosen here. Once past it, however, sub- : 
sequent keys and circumscriptions are : 
well conceived and extremely uniform, f 
They are the heart of the publication and 
will be of immense value to taxonomists ; 
and applied researchers alike. Unneees- : 
sary repetition and extremely uneven 
writing in the introduction, while tedious, ■ 
vague, and occasionally misleading, do not j 
materially detract from the taxonomic 1 
section. More troublesome in the long run 
will be dubious nomenclature, and re- r 
grettably, the hesitancy of the authors to j 
designate type material for extralimital, \ 
pivotal taxa, even though they draw spe- ( 
cific attention to the problem. |, 

The book will quickly become a staple | 
for mushroom taxonomists and other in- V 
terested parties. It is not intended for | 
most amateurs,— Ronald- H. Petersen, | 
Botany, University of Tennessee , j 


Alcoholism: A Treatment Manual. 

Wayne Poley, Gary Lea, Gail Vibe. 159 

pp. Halsted Press, 1979. $14.95. 

The authors offer their book “as a guide ; 
for frontline alcoholism workers: coun¬ 
selors, therapists, educators, physicians, f 
nurses, law enforcement officers, admin- [ 
istrators, social workers, and other pro- 
fessionals and paraprofessionals” and 
their clients. A large order for a small : 
book! Few in the intended audience, I'm 
afraid, will be satisfied. Therapeutic in- [ 
terventions are but briefly outlined; the : 
reader is referred to other sources for 
specific techniques and details. Space is 
not necessarily allocated in relation to i 
current treatment practice or efficacy: for ’ 
example, more than four pages are de¬ 
voted to outlining various forms of re¬ 
laxation therapy, three pages to Alcohol¬ 
ics Anonymous, and one sentence (by f 
implication) to family therapy. The lon¬ 
gest chapter, “Day-to-Day Treatment of 
the Alcoholic,” consists almost entirely of • 
reprinted forms for client evaluation and - 
treatment progress. ; 


For the motivated professional this 
book may lead to relevant source materi¬ 
als. For the paraprofessional who might 
view it (mistakenly) as a manual of in¬ 
struction for therapy, this book may be 
potentially harmful, A little knowledge 
may be a dangerous thing. For the lay 
reader the volume will provide brief, if 
uneven, descriptions of the consequences 
of alcoholism for the individual and for 
society, and of the theoretical bases for 
alcoholism and its treatment—Victor H. 
Cohn, Pharmacology, George Washing¬ 
ton University Medical Center 


Biochemistry of Alcohol and Alco¬ 
holism. L. J. Kricka and P. M. S. Clark. 
Ellis Horwood Series in Chemical 
Science. 285 pp. Halsted Press, 1979. 
$57.95. 

“The biochemical disturbances ob¬ 
served in man following long- and short¬ 
term alcohol abuse are complex.” So state 
the authors in their first prefatory sen¬ 
tence, and in the second half of this book 
they proceed to catalog these biochemical 
complexities “restricted solely to human 
studies.” Unfortunately, they do little to 
unravel them: they seldom provide a 
critical analysis of papers or their meth¬ 
odologies that might reveal the basis for 
discrepant results; they attempt few in¬ 
tegrations; they occasionally contradict 
themselves, Animal studies, which might 
be illuminating, are scrupulously 
avoided. 

The first half of the book (definition of 
alcoholism; incidence and diseases asso¬ 
ciated with alcoholism; absorption, ex¬ 
cretion, and metabolism of alcohol and its 
congeners; etc.) is superficial and often 
reads like the outline of someone’s lecture 
notes, complete with redundancies. The 
extensive list of references is quite useful, 
but to be worth purchasing, the book 
should be more than a good bibliogra¬ 
phy—Victor H. Cohn, Pharmacology, 
George Washington University Medical 
Center 


Immunological Tolerance and En¬ 
hancement. F. P. Stuart and F. W. 
Fitch, eds. 196 pp. University Park 
Press, 1979. $29.50. 

Over the past five years, the classic 
concepts of immunological tolerance have 
given way to rapidly changing technology 
in immunogenetics, cell surface markers, 
and cellular interactions. In this book, 
many noted contributors present new 
concepts as they pertain to transplanta¬ 
tion immunobiology. Overall, the book 
achieves its goal, although the reader may 
find it a laborious chore to assemble the 
information for himself. The chapters on 
the newer concepts of tolerance—for ex¬ 


ample, suppressor lymphocytes and 
anti-idiotype responses'and immuno¬ 
genetics—are scattered throughout the 
book and thus are not as effective as they 
might be in forming the framework for the 
discussions on transplantation tolerance 
and enhancement. Additional tables and 
figures would have been helpful in the 
several chapters that contain complex 
discussions of T-cell subsets and cell-cell 
interactions. The references are extensive 
and up to date. 

The book will be of interest to investi¬ 
gators in related areas of research, but,, 
unfortunately, the paucity of discussion 
on human bone marrow and renal trans¬ 
plantation may make it less enticing to 
the clinical immunologist and trans¬ 
plantation surgeon ,—Mark Ballow, 
Clinical Immunology and Pediatrics, 
University of Connecticut Health Center, 
Farmington 


Chronic Pain: Further Observations 
from the City of Hope National Medi¬ 
cal Center. Benjamin L. Crue, ed. 581 
pp. SP Medical & Scientific Books, 
1979. $45. 

There is no subject in medicine more 
important or more timely than pain, yet 
there are few so poorly understood in 
relation to their frequency and socioeco¬ 
nomic importance, More and more med¬ 
ical centers are setting up pain clinics of 
one type or another, and this book is the 
experience of one such center. Actually 
there are two books: the first is the de¬ 
scription of the pain center of the City of 
Hope National Medical Center in Duarte, 
California; the second is a series of neu¬ 
rophysiologic essays on pain itself. 

The City of Hope Center was estab¬ 
lished for the treatment’of pain regardless 
of source, although most of the patients 
have terminal cancer or chronic back and 
neck problems, The second group is one 
of the most frustrating to deal with since 
psychological and drug addiction prob¬ 
lems are so often part of the picture. 
Anyone interested in the socioeconomics 
of chronic pain will find a good deal of 
information here, including the cost of 
this approach. The role of various types of 
physicians and certain techniques such as 
transcutaneous stimulation, biofeedback, 
and nerve block are also explored, How¬ 
ever, it must be stressed that the patient 
population in this and similar centers is 
highly preselected. 

The second aspect of this book is an 
in-depth evaluation of this approach to 
the neurophysiology of pain. The authors 
are convinced of this specific method and 
present much experimental data to fortify 
their arguments, However, they do 
present the evidence for other theories 
and at least identify some problems in 
their own approach—for example, pain is 
not a primary sensory modality but a 


perception that begins in the central 
nervous system, which can be initiated 
peripherally only by tissue damage, me¬ 
chanical displacement, or thermal 
changes; the skin does not have pain- 
specific sensory nerve endings; and pain 
may be the result of central repetitive 
neuronal firing, 

The clinical model of repetitive neu¬ 
ronal firing is the tic-like pain of trigem¬ 
inal neuralgia and its response to anti¬ 
convulsants, such as tegretol and diphe- 
nylhydantoin, It is of clinical interest that 
tegretol is more effective in this regard 
than dilantin. If the “sensory epilepsy” 
theory is correct, one would expect the 
opposite, since dilantin is a more efficient 
post-tetanic inhibitor than tegretol. Also, 
in clinical experience it is difficult to dis¬ 
card the modality-specific peripheral re¬ 
ceptor theory even though there is ex¬ 
perimental evidence that this does not 
explain every experience, 

The book will be of value to any clinical 
center considering setting up a pain fa¬ 
cility. It is not as certain that these essays 
provide the final word on pain physiol¬ 
ogy.— Desmond S. O’Doherty, Neurology, 
Georgetown University Hospital 


“Legionnaires' ”: The Disease, the 
Bacterium, and Methodology, Gilda L. 
Jones and G, Ann Hubert, eds. HEW 
Publication 79-8375.173 pp. Spring- 
field, VA: National Technical Infor¬ 
mation Service, 1979, $9. 

This up-to-date review of current 
knowledge of “Legionnaires’ ” disease— 
the etiologic agent and the epidemiol¬ 
ogy—follows two previous developmental 
issues of this manual. Forty-eight scien¬ 
tists who have investigated the disease 
have contributed to the volume. It in¬ 
cludes a brief review of the clinical fea¬ 
tures of the disease and a summary of its 
epidemiology, with major emphasis on 
methods for isolating and identifying the 
organism, 

The manual should prove most useful 
to clinical microbiologists and patholo¬ 
gists who want a concise set of recom¬ 
mendations for procedures that are 
practical to perform in. hospital labora¬ 
tories and other procedures that can be 
sought through referral laboratories, Ex¬ 
cellent photographs obtained by various 
methods of staining the organism are in¬ 
cluded, There is a special section in the 
back describing safety and consultation 
services available from CDC and an ap¬ 
pendix which presides detailed instruc¬ 
tions for preparation of culture media, 
isolation, and staining, as well as appro¬ 
priate methods for submission of speci¬ 
mens to referral laboratories. An excellent 
selected bibliography is provided— 
Raymond C. Bartlett, Microbiology, 
Hartford Hospital, CT 


332 American Scientist, Volume 68 


,1980 May-June 333 




Fermented Food Beverages in Nutri¬ 
tion, Clifford F, Gastineau, William J. 

Darby, Thomas B. Turner, eds. 537 pp. 

Academic Press, 1979. $45. 

This comprehensive treatise is an out¬ 
growth of an international symposium at 
the Mayo Clinic, The papers were revised 
and edited, and additional reviews of 
specific topics were solicited to insure 
comprehensive coverage. With contribu¬ 
tions from 40 investigators, the volume 
constitutes a remarkably broad treatment 
of the subject, including the history of 
fermented beverages, biochemical pro¬ 
cesses of fermentation, patterns of intake, 
biochemistry of the metabolism of ethanol 
and of ethanol’s effects on body tissues, 
and consequences of normal, therapeutic, 
and excessive intake in nutritional, 
physiological, and societal terms. 

The book is written from the viewpoint 
that fermented beverages are here to stay, 
that their proper use is enjoyable and may 
be beneficial, but that abuse is all too 
prevalent, Factors leading to abuse and 
the physiological consequences of exces¬ 
sive intake are well documented in such 
a way as to give a good understanding of 
current information and to identify areas 
in which further research is needed. Most 
of the individual chapters are interpretive 
reviews, indicating controversial areas as 
well as areas of general agreement, Ref¬ 
erences at the end of each chapter give the 
serious reader ready access to the original 
literature. 

The book will be of particular interest 
to physicians, dieticians, and students in 
the health-related sciences, The general 
reader, too, will find much of interest in it, 
perhaps leading to a tempering of his in¬ 
clination to overindulge in a good 
thing.— Richard M. Forbes, Nutritional 
Sciences, University of Illinois 


Standard Operating Procedures in 
Pathology. G. E, Paget and R. Thom¬ 
son, eds. 514 pp. University Park Press, 
1979. $39.50. 

This handbook is specifically fitted to 
the needs of the rather substantial num¬ 
ber of individuals now being trained to do 
one or more aspects of toxicity testing in 
laboratory animals. This large volume is 
a monument of instructions for the vari¬ 
ous activities required by ‘'Good Labo¬ 
ratory Practices,” Indeed, the reader can 
sense editorial handicaps imposed by 
certain overdrawn aspects of these regu¬ 
lations, like the instructional step, "Place 
the slide on the microscope stage and 
focus.” 

Aside from its pedagogic style, the text 
gives timely recognition of the state of the 
art of pathological procedures essential 
for the conduct of toxicity studies. The 
procedures are those employed at Inver- 
esk Research International, Limited, near 


Edinburgh and so have a distinctive 
British flavor. Overall, this should pose no 
difficulty to the American reader despite 
occasional reference to unfamiliar terms, 
such as Davidson fixative and Hibitone. 
Typographical errors in the large-print 
format are numerous,— Jack E. Gray, 
Pathology and Toxicology, The Upjohn 
Company, Kalamazoo, MI 


state of our knowledge of the integrated 
functions of the heart and blood Vessels is 
supplemented by excellent reviews of 
pertinent pharmacology, mechanisms of 
human cardiovascular disease, and ex¬ 
perimental and diagnostic methodology. 
Complexities are not oversimplified, yet 
the style is refreshingly clear, reflecting 
and firsthand intimacy of these authors 
with their vast subject. This volume is 
strongly recommended for pre- and 


Reproductive Development of the 

Female: A Study in the Comparative 

Physiology of the Adolescent Organ¬ 
ism, 3rd ed. M, F. Ashley Montagu. 235 

pp. PSG Publishing, 1979. $24.50. 

The root pu of the word “puberty" (L. 
pubertas from puber, "adult”) actually 
means to beget. Although the terms “pu-. 
berty,” “menarche" (first menses), and 
"fertility” (capacity to reproduce) are 
often thought of as synonymous, this is far 
from the truth. In this most recent edi¬ 
tion, Ashley Montagu brings the reader 
up to date on studies which document the 
existence of a generally unrecognized in¬ 
terval of relative infertility in adolescent 
females. In girls and other female pri¬ 
mates, the "adolescent sterility period” is 
defined by the time which elapses be¬ 
tween menarche and the ability to con¬ 
ceive and carry a fetus to full term. Al¬ 
though teenage pregnancies in this 
country have reached near-epidemic 
proportions, remarkably little informa¬ 
tion is readily available about this stage of 
reproductive life. 

Dr. Montagu’s book remains the best 
semipopular account of this very perti¬ 
nent biosocial phenomenon and has be¬ 
come a classic in multidisciplinary 
science, The author has compacted an 
enormous wealth of ethnographic and 
biological data on the adolescent female 
and discusses the evidence for a compa¬ 
rable period of infertility in other mam¬ 
mals, including the well-studied rhesus 
monkey and chimpanzee. Almost no data, 
however, are available on adolescent ste¬ 
rility in men. The reader will find this 
book an absorbing and fascinating ac¬ 
count of a generally overlooked area of 
human reproductive development.— 
Richard Wilen, Obstetrics and Gynecol¬ 
ogy, Yale University School of Medi- 


The Human Cardiovascular System: 
Facts and Concepts. John T. Shepherd 
and Paul M. Vanhoutte, 351 pp. Raven 
Press, 1979. $22 cloth, $13.50 paper, 

This excellent little book is considera¬ 
bly more than a synopsis of cardiovascular 
physiology, so many of which, of dubious 
value, are available for the health science 
student. An up-to-the-moment and. 
well-illustrated summary of the current 


post-doctoral students of the circulation 
as well as for practicing investigators and 
physicians.— John C. Rose, Physiology 
and Biophysics, Georgetown University 


Neuroanatomy. K. E. Moyer. 257 pp. 

Harper & Row, 1980. $15.95 paper. 

This presentation of neuroanatomy : 
would serve primarily as an adjunct to i 
courses in psychology, physiology, and , 
general anatomy. It is concise and makes i 
an attempt at defining neuroanatomid ! 
terminology, which is often difficult for | 
the beginning student. 

The drawings are well done and care- | 
fully labeled. The volume would be useful | 
in programs that require a limited f 
knowledge of nonclinical neuroanat- ; 
omy.— Thomas N. Johnson, George (•:. 
Washington University Medical School : 


Invertebrate Models for Biomedical 
Research. Lee A. Bulla, Jr., and 
Thomas C. Cheng, eds. Comparative 
Pathobiology, 4.167 pp. Plenum, 1978. 
$25. 

This book is a collection of nine papers 
presented at the 10th Annual Meeting of 
the Society for Invertebrate Pathology 
held at Michigan State University in 
August 1977. One of the papers deals with 
the control of schistosomes; the remainderj 
describe diseases in insects and molluscs, j 
including a trematode infection of a bi¬ 
valve mollusc. The topics covered are 
parasitology, immunology, oncology, 
pharmacology, and lipid metabolism. 
Technically, the papers suffer somewhat 
from the rather poor quality of the pho¬ 
tographic reproduction. 

Despite the title of the volume, only to 
reports consider their subjects as models, 
and of these only Anderson’s, on chemical 
carcinogenesis in an insect, takes a mod¬ 
eling approach. The remaining papers art 
comparative studies of invertebrate pa¬ 
thology. , , ... 

It seems likely that much valuable in 
formation might be gained from to 
approaches. Rizki and Rizki, for example 
describe research on the genetic control 
of tumor formation in Drosophila, The 
book should help to focus attention on 
this relatively neglected area.— Douglm 
A. Eagles, Biology, Georgetown Univer¬ 
sity 
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Radiation Shielding and Dosimetry. A. 
Edward Profio. 547 pp. Wiley-Inter- 
science, 1979. $29.95. 

This is a good textbook or reference for 
nuclear engineers, medical physicists, and 
health physicists. The book treats the 


essentially all sources of ionizing radia¬ 
tion. Included in the book are excellent 
references, computer methodology in¬ 
cluding Monte Carlo (discrete ordinates 
and point kernel) methods of calculating 
attenuation of ionizing radiation in mat¬ 
ter, shield design engineering, information 
on shielding materials, and applications 
to medical facilities, nuclear reactors, and 
accelerators. Radiation dosimetry of x- 
rays, y rays, neutrons, and internal 
emitters is adequately covered. Basic in¬ 
teractions with matter, dose quantities, 
radiation biology, and radiation instru¬ 
mentation are included for those who 
have not had previous course work. Many 
examples and problems are included 
throughout the book. This is an excellent 
text for students, at the graduate or un¬ 
dergraduate level. -Aaron P. Sanders, 
Radiobiology, Duke University Medical 
Center 


Surfaces of Normal and Malignant 
Cells. Richard O. Hynes, ed. 471 pp. 
Wiley-Interscience, 1979. $65. 

The modern era of cell-membrane 
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studies began in the early 1970s with the 
introduction of sodium dodecyl sulfate 
polyacrylamide gel electrophoresis and 
related separation techniques. With these 
methods radioactive tracer probes could 
be introduced into cell- membrane frac¬ 
tions, either through biosynthesis or 
through the exogeneous placement of li¬ 
gands by enzymes, and the labeled mole¬ 
cules could be analyzed simply, rapidly, 
and with remarkable reproducibility. 
Most of the early studies using these ap¬ 
proaches were applied to red cell mem¬ 
branes, with rather astonishing results: it 
was established that membranes have 
protein molecules which span the lipid 
bilayer. Such approaches also allowed 
investigators to determine the distribu¬ 
tion of almost all the membrane proteins, 
using different combinations of labeling 
techniques. 

The application of these powerful new 
analytical techniques to the study of 
membranes of cancer cells was obvious, 
and within a relatively short period the 
literature was flooded with studies of this 
type. The essential question under in¬ 
vestigation was whether tumor cells had 
cancer-specific macromolecules on their 
surface membranes which could explain 
some of their abnormal biologic proper¬ 
ties. It was also reasoned that such ab¬ 
normal molecules might be the long- 
sought-after tumor-specific antigens; if so 


their identification could lead to their 
isolation and characterization and even¬ 
tual application for immunodiagnostic 
and immunotherapeutic purposes. 

It is now over a decade since this type 
of technology was first applied to tumor¬ 
cell surfaces, and the results have proved 
to be more bewildering than enlightening. 
Even now it is still not clear whether 
tumor cells have unique macromolecules 
on their surfaces. Tumor cells seem to be 
more easily agglutinated by certain pro¬ 
teins isolated from plants (lectins), but it 
is still unclear how this increase in agglu- 
tinability can be explained in molecular 
terms. 

Over the years a number of scientific 
conferences have been organized to dis¬ 
cuss the most important findings from 
these studies. These conferences have 
inevitably produced monographs, only a 
small fraction of which provide an inte¬ 
grated overview into these complex 
questions. If scientists not familiar with 
this area wish to acquire a broad view of 
the most interesting results from these 
studies and some insight into where the 
different fields are moving, they would do 
well to consult this new monograph, 
Richard Hynes was one of the early and 
most productive investigators of tumor¬ 
cell surfaces, and he has organized a re¬ 
markably well balanced monograph, This 


is the best and most up-to-date account 
of the most interesting subjects now under 
investigation in tumor biology at the 
biochemical level—Vincent T. Marched, 
Pathology, Yale University School of 
Medicine 


Behavioral Approaches to Medicine: 

Application and Analysis. J, Regis 

McNamara, ed. 311 pp. Plenum, 1979. 

$25. 

"Behavioral medicine” is in vogue, 
Perhaps it is a needed reaction-formation 
to increasingly technological trends in 
medical practice. One wonders whether a 
label is needed to ensure application of 
generally commonsensical principles of 
care-prompt service to patients and full 
and understandable explanation of ill¬ 
ness, treatment, and its side effects. This 
aspect is reviewed in one of the better 
portions of the book, “Health Care De¬ 
livery: A Behavioral Perspective.” 

Otherwise, the book seems mistitled. It 
is very long on brief reviews of a broad and 
nonspecific literature and suggestions for 
areas yet to be researched, but very short 
on “application and analysis” grounded 
in established data. Topics include stress 
and illness, classical and operant condi- 
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tinning, development of competence in 
behavior assessment and teaching therein, 
biofeedback, drugs and behavior, and 
behavioral medicine in occupational set¬ 
tings and in pediatrics. It is modestly 
useful as a source of references in those 
areas, but the reader is better advised to 
read critically on these subjects else- 
■ whore.—Mary E. Swigar, Psychiatry, 
Yale-New Hamm Hospital 


Ecology and Environment 

The Prevention of Oil Pollution, J. 

Wardley-Smith, ed. 309 pp. Hoisted 

Press, 1979. $39.95. 

A great deal of information has been 
crammed into this authoritative British 
handbook for the petroleum industry. It 
is also a fine hook for the environmentalist 
and others who have limited firsthand 
knowledge of tire petroleum industry. The 
editor has joined twelve other specialists 
in a series of papers on petroleum indus¬ 
trial operations (primarily British) on all 
levels, pollution statistics, origins and 
causes of spills, environmental impacts, 
monitoring-detection systems, preven¬ 
tative systems, and containment or 
clean-up systems, 

Among the areas detailed are land- 
water-air environments affected; tech¬ 
niques used for petroleum boreholes and 
sources of possible pollution; normal 
marine transport systems; port operations 
(and importance of pre-operational in¬ 
spection and communication systems); 
land storage systems; pipeline operations 
(spills described as rare when carefully 
planned routes and monitoring-detection 
. systems are used); land transport (where 
multifunctional customer staff is deemed 
most responsible for accidents); and ma- 
rine oil pollution (estimated at one-third 
of the total) from factories, refineries, 
general run-off, and untreated sewage. 
Included also is a review (with an exten¬ 
sive bibliography) of the vast amount of 
legislation and the numerous programs, 
from international to local levels, con¬ 
cerned with pollution controls. Malfunc¬ 
tioning equipment and human error are 
frequently cited as primary causes of oil 
spills. The meandering discussion of 
human factors Is intended, to show that 
mure careful studies of human behavior 
and overall working environment can re¬ 
duce the number of accidents, 

Diagrams and statistics are well done, 
but some of the information has not been 
documented by reference sources and is 
obviously based on personal experience. 
The printing technique has unfortunately 
reduced photographs to the toneless 
quality of photocopies, 

The editor makes a good point for the 
industry to bear in mind: the increasing 


scarcity and expense of oil are ever* 
greater reasons to avoid spills in the fu¬ 
ture.--//ace/ A. Peterson, Certified Pe¬ 
troleum Geologist (AA.P.G.) and retired 
faculty of East Texas Slate University 


Pollution, Politics, and International 
Law: Tankers at Sea. R. Michael 
M’Gonigle and Mark W. Zacher. 394 
pp. University of California Press, 1979. 
$15.95. 

The authors propose to consider how 
the international political process deals 
with global environmental protection, 
examining to this end the process of 
creating and applying law for oil pollution 
from ocean-going vessels. They devote 
primary attention to four environmental 
protection issues and policy problems™ 
discharge standards, intervention, lia¬ 
bility, jurisdiction and enforcement—and 
they take special care to provide relevant 
factual background, including informa¬ 
tion on oil-transportation technology. 

A detailed discussion of international 
decision mechanisms and processes gives 
most attention to IMCO and the variety 
of influences affecting decisions in that 
body, be they political, commercial, or 
technological. The work of the Third 
United Nations Conference on the Law of 
the Sea is briefly assessed. The authors 
also offer an appraisal of the significance 
of the political response to this issue for 
broader environmental problems. The 
result is one of the best international law 
texts in many years. It cannot be too 
strongly recommended or highly 

praised.-. William T, Burke, Law, Uni- 

uersity of Washington 


Water Resources and the National 
Welfare, Walter tJ. Garstka, 638 pp. 
Fort Collins, CO: Water Resources 
Publications, 1978. $24. 

Here is a book that can be useful in a 
number of educational and professional 
contexts. It consists of 95 short chapters, 
each dealing with some aspect of water or 
a water-related topic such as energy, rec¬ 
reation, air quality, or anthropology and 
archaeology. The typical chapter is a re¬ 
view of a particular topic, written in a 
narrative-historical style, followed by an 
extensive reference list. 

Although packed with information, the 
chapters are written at a very elementary 
level. The few that deal with topics such 
as probability and statistics, hydraulics 
and fluid mechanics, and groundwater 
hydraulics use elementary mathematics. 
The book is very readable and will be ap¬ 
preciated by individuals with little 
knowledge of water science. 

Students in introductory courses on 
water or the environment will enjoy the 


sections dealing with ecology, drainage 
basin land use, water rights and water law, 
project planning, quality of water and air, 
environmental aspects of water-resource 
utilization, energy, recreation, social sci¬ 
ences, and water resources in the future. 
The professional will find the sections in 
his area of expertise superficial, but the 
many other chapters will be useful as re¬ 
views and bibliographies. : 

The title gives no inkling of the con¬ 
tents. The author is described as "a pro¬ 
fessional interdisciplinarian [whose] 
professional endeavors were and continue 
to he related to the water resource." 
Stemming from his lecture notes, the 
book covers a remarkable gamut of 
water-related topics, including the tech¬ 
nical, the historical, and the socio- 
humanistic. Complete with problems, 
glossary, and guides to the literature, it is f 
a book every water scientist should scan ! 


to see if it can be of use to him.— Irwin 
Ramson, Applied Earth Sciences, Stan¬ 
ford University 


Environmental Systems: Philosophy, 

Analysis, and Control. R. J. Bennett 

and II J. Chorley. 624 pp. Princeton 

University Press, 1978. $65. 

This book represents a theoretical ap¬ 
proach to the application of systems 
analysis techniques to physical-chemical 
and biological concerns about the envi¬ 
ronment. It contains an introductory 
chapter on philosophy and terminology; 
the remaining nine chapters are divided 
into four parts. An understanding of 
complex mathematics as well as a grasp of 
the basic principles of electrical engi¬ 
neering are required for Part 1, which fo¬ 
cuses on hard systems. Part 2, addressing 
soft systems, contains chapters on cogni¬ 
tive and decision-making systems using 
both quantitative and nonquantitative 
approaches, 

Part 3 address complex systems. Ons 
chapter presents brief examples of phys- 
ico-ecological systems, including nutrient 
cycling, energy flow, sediment movement 
and hydraulic modeling of drainage ba¬ 
sins, flood routing in rivers, conservative 
and nonconservative pollutant modeling 
in rivers and estuaries, air pollution dis¬ 
persion modeling, sulfur cycling in the 
atmosphere, and the distribution and ef¬ 
fects of disease-causing organisms. An¬ 
other chapter presents a general discus¬ 
sion of large-scale social and economic 
systems, with some information an 
econometric models. In Part 4, one 
chapter deals with the interfacing of 
physico-ecological and socioeconomic: 
systems and has a good blend of infor¬ 
mation from Parts 1 through 3, indicating 
that control of the physico-ecological en¬ 
vironment by socioeconomic intervention 
has been the most significant manner 
whereby these systems have been inter¬ 
faced. The last chapter addresses future 
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problems, including technical concerns, 
demographic considerations, psycholog¬ 
ical difficulties, and epistemological 
transitions. 

There is considerable detail in this 
volume on the mathematical bases for 
various environmental systems. The tar¬ 
get audience would be primarily univer¬ 
sity faculty members and advanced 
graduate students working in systems 
theory and application. The book is of 
lesser value for professional engineers and 
practicing environmental scientists — 
Larry W. Canter, Civil Engineering and 
Environmental Science, University of 
Oklahoma 


Chemical Contamination in the 
Human Environment, Morton 
. Lippmann and Richard B. Schlesinger. 
456 pp. Oxford University Press, 1979. 
$21.95 cloth, $11.95 paper. 

Environmental contamination by 
chemicals is well presented in this nicely 
illustrated volume. Primarily a synthesis 
of available information (extensively re¬ 
ferenced) rather than an exposition of 
new material, the level of presentation 
and organization suggests that this book 
may have resulted from course lectures, 
perhaps given by the authors in the De¬ 
partment of Environmental Medicine at 
NYU Medical Center. 

Following a delightful historical review, 
the perspective is expressed that almost 
everything can be viewed as a pollutant, 
many are harmful, and alternative choices 
need careful examination of the pollu¬ 
tants that, inevitably, are associated with 
them. 

The coverage is extremely compre¬ 
hensive, and, while the presentation is 
occasionally a bit pedantic, the organiza¬ 
tion is superbly designed for the nonex- 
pert but intelligent reader interested in 
scientific details. First, air and water en¬ 
vironments and their internal cycles and 
interchange patterns are introduced, 
followed by the primary sources of 
chemical contaminants—the petro¬ 
chemical, nuclear, transport, and other 
industries. The dispersion pathways, 
through atmosphere and biosphere to 
eventual accumulation depots, and the 
entry into a fate within the body of vari¬ 
ous chemical contaminants are presented, 
with the epidemiology of human health 
effects as well as problems of environ¬ 
mental air and water quality. The authors 
examine criteria and exposure limits, in¬ 
clude an extensive section on instrumen¬ 
tation and sampling techniques, and 
conclude with a discussion on controlling 
air and water quality and the impact of 
such controls on environmental quality. 

While perhaps a bit heavy for the casual 
reader, the depth and extent of coverage 
make this a strong contender as a text¬ 
book and recommended reading for a 


deeply concerned, scientifically oriented 
individual .—Ralph F. Goldman, Military 
Ergonomics, U.S. Amy Research Insti¬ 
tute of Environmental Medicine, Natick, 
MA 


environment fills a long-existing need, 
Several of the chapters are very timely, 
and students from many disciplines will 
find the book helpful for a better under¬ 
standing of the human organism,. Rod¬ 

ney A. Rhoades, Physiology, Indiana 
University School of Medicine 


Environmental Health: Commitment 

for Survival. Carl E, Willgoose et, al. 476 

pp.W.B. Saunders, 1979. $15.95. 

The team assembled here by Willgoose 
concentrates on surveying the breadth 
and urgency of environmental health 
problems facing society, leaving the en¬ 
gineering and preventive aspects of en¬ 
vironmental control to other sources, such 
as lectures or supplemental books. As 
compensation, the style is especially fas¬ 
cinating and gracious. The volume is 
painstakingly edited, and every factual 
statement is meticulously footnoted. A 
few faults, such as occasional excessive 
moralizing or repetition—including two 
definitions of epidemiology—do not de¬ 
tract from the value of the whole, 

The critical environmental health 
questions involve quality of life, not just 
the control of disease, and thesdquestians 
cannot be answered without the partici¬ 
pation of the entire field of health policy 
and even the entire management of 
human affairs on this planet. The eco¬ 
logical perspective extends this line of 
reasoning to a vast variety of current 
issues ranging from the disintegration of 
oil tankers to violent crime and mental 
health, Subsequent chapters survey the 
problems associated with nutrition, air 
pollution, water pollution, industrial 
pollutants, disease vectors, nuclear ener¬ 
gy, resource conservation, safety, and 
similar topics. 

The book represents an ambitious un¬ 
dertaking, but the effort may be justified 
in the sweep of history. As a result of ad¬ 
vances in the sciences, especially bio¬ 
medical, we increasingly understand the 
mechanisms of disease. No longer can we 
simply blame microbes, Now the critical 
issues are political, As a society, do we 
want to give up certain perceived benefits, 
such as cheaper industrial goods or the 
pleasures of smoking or overeating, to 
gain other benefits, such as improvement 
of health? Our democratic tradition 
suggests leaving the choices to individu¬ 
als, but increasingly decisions must be 
collective to be effective. This book con¬ 
tributes significantly to our ability to 
make an informed choice.— Granville H. 
Sewell, Environmental Sciences, Co¬ 
lumbia University 


Environmental Physiology, 3. David 
Robertshaw, ed. International Review 
of Physiology, 20.376 pp. University 
Park Press, 1979. $29.50. 

This concise, innovative text on phys¬ 
iological responses of man to his external 


Serengeti: Dynamics of an Ecosystem. A. 

R. E. Sinclair and M. Norton-Griffiths, 

eds. 389 pp. University of Chicago 

Press, 1979. $28.50. 

The 10,000-square-mile Serengeti 
ecosystem currently supports 1,6 million 
wildebeests, at least 1.5 million gazelles, 
250,000 zebras, and well over 100,000 
buffaloes, 1.00,000 impalas, and 150,000 
hartebeests, topis, elands, giraffes, wart- 
hogs, and other assorted herbivores, plus 
6,200-8,000 lions, spotted hyenas, and 
other large predators. By comparison, the 
3.6 million square miles of the United 
States probably supports fewer than 20 
million large mammals. Moreover, Ser¬ 
engeti is said by some observers to harbor 
as large an animal biomass below ground 
as above ground, which adds up to an 
. ecosystem that is a powerhouse of biotic 
productivity. 

Fortunately, the dynamics of this eco¬ 
system have been documented and mon¬ 
itored for a period of two decades, re¬ 
sulting in a stack of data that makes this, 
ecologically speaking, the best studied 
area of its size on earth, At long last, the 
major findings are here presented in a 
massive collation and analysis of infor¬ 
mation. Thirteen scientists contributed 
papers on individual species, community 
interactions, vegetation patterns, the role 
of fire, ecological separation, and behavior 
at diverse levels, among many other top¬ 
ics. The upshot is a splendid survey of a 
savannah ecosystem that is not only ex¬ 
ceptionally productive but is dearly-. 

according to the detailed documentation 

assembled in this book-.far less stable 

than has been popularly supposed among 
wildlife enthusiasts, 

Regrettably, the book does not present 
much on management needs and oppor¬ 
tunities. A good part of the Serengeti 
ecosystem receives little or no protection 
under the status of park/reserve or other 
conservation unit. This means that a key 
factor in Serengeti’s survival is its capac¬ 
ity to mesh its workings with those of 
human populations in the environs, with 
then growing numbers and growing as¬ 
pirations, Only toward the end of the 
20-year research program was a social- 
science component introduced, to ap¬ 
praise the ecosystem’s integration 
(whether planned or unwitting, whether 
creative or destructive) with the teeming 
Tanzanians round about: and the scientist 
in question has not 
this volume. In f 
settlement 
treated in 








agement proposals are dealt with in less 
than ten pages altogether—most alarming 
omissions in an otherwise first-rate pub¬ 
lication,— Norman Myers, Consultant in 
Environment and Development, Nairobi, 
Kenya 


Marine Pollution: Functional Re¬ 
sponses. Winona B. Vernberg, Freder¬ 
ick P. Thurberg, Anthony Calabrese, F. 
John Vernberg, eds. 454 pp. Academic 
Press, 1979. $23. 

This volume, a “rapid manuscript re¬ 
production,’ 1 comprises papers presented 
at the symposium on Pollution and 
Physiology of Marine Organisms held in 
Georgetown, South Carolina, in Nov. 
1977. Although carefully edited and gen¬ 
erally free of errors, the book, as always 
seems to be the case with symposium 
proceedings, represents a scattering of 
interest rather than a balanced treatment. 
Most of the chapters deal with research on 
the well-known trinity of pollutant types: 
petroleum, hydrocarbons (often incor¬ 
rectly considered to be synonymous with 
petroleum), metals (mainly mercury, 
cadmium, and lead), and pesticides and 
PCBs. 

The first section, mainly reflecting the 
authors’ special research interests, is 
treated in a competent manner. It is fol¬ 
lowed by a section on multiple factor in¬ 
teractions, a collection of five subjects 
only loosely tied together. In one inter¬ 
esting chapter, titled “An Opinion about 
Research Activities and Needs Con¬ 
cerning Physiological Effects of Pollu¬ 
tants in the Environment,” Carl Sinder- 
man describes his view of research needs. 
As he points out, the impetus for field 
studies on the effects of pollution on 
ecosystems is growing. .But a major im¬ 
pediment to this type of research is the 
largely imponderable problem of how to 
detect and evaluate human-induced al¬ 
terations against a background of sub¬ 
stantial (and often poorly defined) “nat¬ 
ural” perturbations. 

The book is interesting reading and a 
valuable addition to the literature. I rec¬ 
ommend it for both personal and library 
us e—Donald C. Matins , Environmental 
Conservation Division, Northwest and 
Alaska Fisheries Center , Seattle 


Behavioral Sciences 

Perception and Experience. Richard D. 
Walk and Herbert L, Pick, Jr., eds. 
Perception and Perceptual Develop¬ 
ment, 1.432 pp. Plenum, 1978. $25. 

Part 1 of this book, entitled “Compar¬ 
ative Studies of Effects of Experience on 
Perception,” might have been called 


“Effects of Early Experience,” since that 
is emphasized in all four chapters. Evi¬ 
dence for effects of early experience is 
plentiful, but I was surprised by the space 
devoted here to the effects on neurocel- 
lular structure rather than on perception 
and also by the passive view the authors 
take of perception, Perceptual experi¬ 
ments are not performed on active or¬ 
ganisms exploring a world of events but 
are confined to tests of acuity and stere- 
opsis with static line displays. A chapter 
on depth perception does not differentiate 
between discrimination and “affordance" 
of information for behavior, although they 
probably have different maturational 
histories. Konishi’s chapter on bird song 
points out the importance of temporal 
aspects of stimulation, a welcome change 
from the too-exclusive consideration of 
static displays. 

Part 2 offer chapters on effects of pro¬ 
longed experience, on effects of the cul¬ 
tural environment on language and pic- 


student reading it or the professor 
teaching it —Eleanor J, Gibson, Psy¬ 
chology, Cornell University 


Transformations: Mathematical Ap¬ 
proaches to Culture Change. Colin 
Renfrew and Kenneth L, Cooke, eds. 
515 pp. Academic Press, 1979, $39.50. 

I became immediately skeptical when 
confronted by a book entitled Mathe¬ 
matical Approaches to Culture Change. 
The 1970s fostered nearly a dozen similar 
titles, most of which devolved into empty 
methodological speculation, often with an 
almost explicit aversion to matters of 
substantive interest. While it is certainly 
premature to hail a new "coming of age," 
this volume does seem to take a more 
promising direction. It addresses, to be 
sure, some rather sophisticated mathe¬ 
matical approaches, but these techniques 
are directed, by and large, at the solution 


torial perception, and on effects of 
blindness and deafness. The chapter by 
Strange and Jenkins, containing devel¬ 
opmental and cross-cultural information 
on categorical perception of phonetic as¬ 
pects of speech, is fascinating, The evi¬ 
dence is complex and sometimes seems 
contradictory, but the area is viable and 
we can look forward to real answers to 
heretofore impenetrable questons about 
the interaction of genetic and experiential 
forces in development. The chapter on 
pictorial perception in different cultures 
makes clear the misguided assumptions 
of much literature on the subject and calls 
attention to the promise of exploiting 
prehistoric art. “Primitive” man was ar¬ 
tistically surprisingly sophisticated! The 
chapters on visual and auditory impair¬ 
ment are disappointing—psychologists 
have contributed remarkably little to our 
understanding of how blind and deaf 
persons adapt perceptually to the 
world. 

Part 3, on “short-term” effects of ex¬ 
perience, has little to do with develop¬ 
ment and seems out of place, Short-term 
effects of biased perception (by prisms, 
for example), adaptation of “feature de¬ 
tectors,” brief, repeated exposures on 
detecting static line drawings, and adap¬ 
tation level account for four chapters. The 
last chapter, by Tighe and Tighe, is about 
development and wisely treats perceiving 
in terms of events. Temporal units con¬ 
stituting events become longer for chil¬ 
dren as embedding and event structure is 
detected and as information that has 
utility for performance across tasks is 
discovered. Rather than progressing from 
the concrete to the abstract, the child’s 
perception appears to move in the direc¬ 
tion of locating invariant aspects of events 
in the face of change in smaller nested 
components. 

This book is packed with information, 
but it lacks a unifying viewpoint. That 
lack will constitute a challenge to the 


of real problems—issues of substantive 
anthropological relevance—rather than 
at strictly mathematical elegance. 

One theme which courses through the 
papers is a consideration of Rene Thom’s 
theory of catastrophes. In the Foreword, 
Thom himself expresses good-natured 
surprise that “the first book to use catas¬ 
trophe theoretical methods,.. would be 
an archaeology book.” The final section 
begins with a straightforward introduc¬ 
tion to the topic by Tim Posten; unfor¬ 
tunately, even Posten’s simpler “ele¬ 
ments” will be lost on 98% of the reading 
audience—surely a hazard with such rel¬ 
atively rarefied subject matter. 

A major objective of the volume is, as 
Renfrew puts it, “replacing anecdote by 
analysis,” a phrase which could well serve 
as marching orders for the archaeology of 
the 1980s. One of the most intriguing pa¬ 
pers is a contribution by the editors, 
Cooke the mathematician and Renfrew 
the prehistorian. Pooling their respective 
talents, they produce a systems model 
designed to explain the emergence of 
complex Aegean societies during the third ; 
and second millennia B.c. Although they 
admit that their attempt is largely un¬ 
successful, their discussion of the limited 
accomplishments and failures is alsu 
worth the price of admission. Specifically, 
they emphasize the difficulties which 
seem to be inherent in dynamic systems 
models: explaining the range and behavior i 
of the model itself, examining the actual 
nature of the homeostatic process, and 
exposing the constraints built into the 
model.. 

I am particularly struck by the virtual . 
absence of the quantitative gimmicks 
which characterized the mathematical 
archaeology of the 1970s. Only a single 
paper finds it necessary to resort to mill- ; 
tidimensional techniques, and numerical 
taxonomy (archaeology’s quantitative 
savior of the 1960s) is notable by its ab- 


Several papers are concerned with es¬ 
tablishing what I call parametric models, 
“ultimate” or “ideal” constructions 
against which to compare the real deci¬ 
sion-making, which is reflected in the ar¬ 
chaeological record. Early in the history 
of such studies there was an unfortunate 
tendency to forget about the real data 
altogether, emphasizing instead some sort 
of abstract mathematical purity. Let us 
hope that this volume indicates that such 
a sterile trend has at last been 
eclipsed.— David Hurst Thomas, An¬ 
thropology, American Museum of Nat- 
uralHistory, New York 


Human Stress and Cognition: An In¬ 
formation Processing Approach. Ver¬ 
non Hamilton and David Warburton, 
eds. 502 pp. Wiley, 1979. $53.75. 

The editors only partially realize their 
overly ambitious aim of presenting a 
“synthesis of all aspects of information 
processing and stress.” Nevertheless, the 
volume contains an important set of pa¬ 
pers, most useful for those with some 
background in stress theory and in cog¬ 
nitive psychology. 

The reader who looks to the book for 
guidance in planning integrative research 
on stress and cognition will be faced with 
two basic problems: choosing among the 
definitions of stress and among the mod¬ 
els of information processing. The defi¬ 
nitions of stress vary from Selye’s con¬ 
ceptualization strictly in terms of the 
“nonspecific biologic” responses to a 
“stressor” to Lazarus’s analysis in terms 
of “cognitive appraisal and coping.” Are 
they really talking about the same thing? 
Yes, if you make the assumption that 
Selye’s concerns are the biological sub¬ 
strates of Lazarus’s. Making this as¬ 
sumption, howeverj does not solve all the 
definitional problems, since many of the 
empirical data fall into either the psy¬ 
chological or cognitive/behavioral do¬ 
main, and no attempt is made to bridge 
the gap. 

Except for Folkman, Shaefer, and La¬ 
zarus’s consideration of their "signal and 
interrupt functions,” discrete emotion 



based on the questionable assumption 
that arousal is a unitary phenomenon. 
Mandler’s concept of consciousness as the 
mediator between stress and its effects 
should facilitate research, particularly if 
investigators can operationally define 
particular processes of consciousness as 
target variables. As Rabbit points out, the 
“resource-driven” or “top-down” models 
of information processing offer good 
prospects for studying “executive func¬ 
tions,” but these models are currently too 
simplistic to help much in understanding 
the central or voluntary control functions 
of consciousness.— Carroll Izard and J, 
P, McLaughlin, Psychology, University 


communities occupying this zone were 
forced to adapt their behavior to condi¬ 
tions that changed successively from open 
tundra through pine and birch woodland 
to the dense deciduous forests of mid¬ 
postglacial times. Closely associated with 
vegetational changes were major shifts in 
the various animal populations on which 
the human groups were largely dependent 
for food, as well as a gradual rise in sea 
level which dramatically reduced the total 
land available for settlement. The ways in 
which the human populations reacted to 
these environmental changes provide one 
of the classic areas in prehistory for eco¬ 
logical studies, 


concepts are not treated systematically by 
the contributors. This is a reflection of the 
state of stress research (and of related 
emotion research), but there is need for 
integrative research on stress and emo¬ 
tions as well as on stress and cognition. 
Ideally, investigations should consider 
current concepts and methods in all three 
subjects—stress, emotion, and cognition. 
For example, what some of the contribu¬ 
tors to the volume consider different types 
of stress may prove to have their parallels, 
if not equivalencies, in different types of 
negative emotions, and the parallels may 
have new implications for the choice of an 
information-processing model. 

Some of the research reviewed was 


of Delaware 


The Early Postglacial Settlement of 
Northern Europe: An Ecological 
Perspective, Paul Mellars, ed. New 
Approaches in Archaeology, 411 pp. 
University of Pittsburgh Press, 1979. 
$36. 

In consequence of the retreat of the last 
ice sheets from northern Europe, all as¬ 
pects of human life underwent funda¬ 
mental changes, especially in those re¬ 
gions which lay beyond the maximum 
extension of the ice itself. The human 


The speed with which research into the 
problems of the early postglacial settle¬ 
ment of northern Europe has progressed 
during the past five to ten years will be 
apparent from the case studies presented 
in this book. However, in the area of my 
own special competence—Ireland—I find 
that the results of Peter Woodman’s 
summary of the Irish materials differ so 
fundamentally from those I presented In 
The Irish Stone Age (Cambridge Uni¬ 
versity Press, 1942) that it is scarcely 
possible to recognize them as based on 
substantially the same evidence! But the 
balance of the contributions of the past 
decade have set our understanding of the 
initial postglacial colonization of the area 
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in question in an entirely new light. The Pediatrician and the Develop- mentally Delayed Child can serve as such 
However, some of this new understanding mentally Delayed Child: A Clinical a guide—a reliable source book for the 

has come primarily from the application Textbook on Mental Retardation, care of the mentally retarded and patients 

of new theoretical and methodological Pasquale J. Accardo and Arnold J. with related disorders. Although lacking 

approaches to the data. Capute. Monographs in Developmental the comprehensive details which will be 

The aim of all the essays is to provide Pediatrics, 2.244 pp. University Park required in some cases and not uniformly 

full documentation of the existing mate- Press, 1979. $14.95. pleasing in its individual chapters, it is a 

rial by means of detailed bibliographies, sensible, practical volume that contains 

distribution maps, and systematic pre- Preventing Physical and Mental the best of current theory and methods, 
sentation of radiocarbon dates, faunal Disabilities: Multidisciplinary Ap- concisely presented in a form that can 

analyses, and so forth. The book will serve proaches. Peter J. Valletutti and Flor- easily be read as a fundamental education 

botli as a basic, up-to-date reference work ence Christoplos, eds. 438 pp. Univer- j n this field. For those who need details, 

on the Mesolithic of Europe and as an sity Park Press, 1979. $19.50 paper. the excellent bibliographic notes and 

introduction to some of the more novel Children with debilitating chronic ill- references are very satisfactory, 

lines of theoretical research currently nesses that have unknown causes and Preventing Physical and Mental 
being pursued in prehistoric studies— unattractive or frightening symptoms Disabilities accomplishes similar pur- 

Hallam L. Mourn, Jr., Peabody Museum, have never stirred great interest among poses in the area of preventive health care 

Harvard University health-care workers. The same can be said but through a different format. The 

of health-care systems and procedures gratifying reduction in the incidence of 

directed at preventing symptoms that do hypertension over the past 25 years is a 


Behavioral Sex Differences in Non¬ 
human Primates. G. Mitchell. 515 pp. 
Van Nostrand Reinhold, 1979. 
$27.50. 

“Behavioral Sex Differences” sounds 
like a chapter title, but Mitchell asks what 
" has been written about sex differences in 
every aspect of behavjor and deals with 
each topic independently and compre¬ 
hensively. A third of the book consists of 
references; each chapter quotes each 
pertinent reference, and as a consequence 
the same notes, the same quotations, and 
the same references appear repeatedly, 
The sheer, mass of references defies 
continuity, but Mitchell impartially re¬ 
ports data, speculations, and conclusions. 
He avoids evaluation of positions in 
published controversies but, unfortu¬ 
nately, simply reports conclusions based 
| on the flimsiest data—single cases or mere 
1 speculation—if there has been no pub¬ 
lished challenge. Comprehensive' scien¬ 
tific studies are given equal credence with 
secondhand interpretations in science 
news articles. Justly discarded interpre¬ 
tations are resurrected in reporting. 

; Mitchell’s sense of fairness even results in 
overcompensation for past injustices'in 
, the treatment of sex differences in 
learning, 

Given the wealth of literature, some 
favorite citations are inevitably missed, 
and some notes may not match your own. 
|| Attempts to summarize result at times in 
, | superficial generalities with multiple 
concepts collapsed into one. Mitchell does 
'succeed, however, in pulling together a 
f Multitude of sources, and the book is an 
excellent beginning for many aspects of 
; 'student training. The knowledgeable 
| professional, capable of evaluating the 
I sources, will find this an exceptional re- 
^»w, Although it is hardly a definitive 
^ B tement on human or nonhuman sex 
Bfee rences, Mitchell never pretended it 
|» It is what he intended, a scholarly 
, |kipmary of what has been written on sex 
gHpences in primate behavior .—Irwin 
gmfflernstein, Psychology, University of 


not yet exist. But while we cannot expect 
a sudden enthusiasm among the majority 
of professionals for working in these areas 
of health delivery, there are more mod¬ 
erate goals which must be reached. 

The financial means to fulfill the intent 
of new laws requiring individual educa¬ 
tional planning for developmental^ dis¬ 
abled children, for example, have not been 
made available.'Nevertheless, the purpose 
of the law is clear. Civil rights have been 
extended to persons with developmental 
disabilities such as mental retardation, 
autism, movement disorders, and learning 
disorders and to many other people whose 
clout has never been sufficient to gain 
basic services for themselves. As these 
rights are recognized and as means are 
sought to respond to their needs in times 
of ever-tightening budgets, there are 
useful steps available to health-care 
workers, such gs the education of other 
clinicians. The necessary educational, 
emotional, and medical care of these dis¬ 
abled groups will never be administered 
entirely by specialists. 

The future vitality and quality of life of 
a very large group of children will depend 
on generalists in the community: pedia¬ 
tricians, internists, psychiatrists, general 
practitioners, psychologists, social work¬ 
ers, and many other counselors and care¬ 
takers, While the developmental^ dis¬ 
abled may make up a small portion of 
their case load, it can he a perplexing one, 
Many of these professionals have had 
scanty training in this realm of health care 
and have lacked motivation to bring 
themselves up to date on optimal strate¬ 
gies for facilitating the growth and health 
of these patients. Faced with the complex 
difficulties burdening a patient and sin¬ 
cerely wanting to ameliorate some of his 
problems, they tend to fall back on the. 
familiar procedures and advice that are 
applied to all their patients. Under¬ 
standably, they haven’t kept up on all 
details of the evaluation and treatment of 
such patients. Not so understandably, 
they too often fail to turn to someone who 
can guide their efforts. 

The Pediatrician and the Develop- 


prime example of the actualization of 
preventive medicine techniques, but these 
advances tend to remain isolated in the 
minds of professionals and are not carried 
over into their care of patients. This book 
will quickly familiarize the clinician with 
basic principles in preventive health care, 
and it should be kept within reach for use 
as needed in individual cases. The quality 
of the chapters varies, but each is written 
by an expert and contains a good deal of 
useful information. 

This book will find its best use as a 
practical reference volume. Both books 
should improve the care of the patient 
and the professional satisfaction of the 
practioner.—J. Gerald Young, Chili 
Study Center, Yale University 


Demography of the Dobe IKung. Nancy 
Howell. Population and Social Struc¬ 
ture, Advances in Demography. 390 pp. 
Academic Press, 1979. $24.50. 

The IKung of the Kalahari desert are 
one of the few surviving hunter-gatherer: 
populations. Living in small seminomadic 
groups, they differ markedly from the 
large national populations which are the 
usual subjects of demographic study. 
Nonetheless, Howell shows how the as¬ 
sumption of an underlying uniformity in 
patterns of mortality and fertility based 
on experience with these better known 
populations leads to a coherent descrip¬ 
tion of IKung demography. 

Using detailed but necessarily scanty 
field-collected data, she obtains a good fit 
to a model life table (of the Coale and: 
Demeny “West” family) and fertility: 
schedule, The fertility level is low by the 
standards of other noncontracepting 
populations and mortality is moderately, 
high (expectation of life at birth is ahout j 
30 years) leading to almost no population 
growth, Model values are then used as 
input in a computer simulation study to 
predict expected ranges of variation in the 
demographic characteristics of small 
!Kung-like populations. Along the way, 


numerous specific hypotheses are dis¬ 
cussed and, where possible, tested. 

This combination of detailed presen¬ 
tation of data and comprehensible dis¬ 
cussion of assumptions and methods 
makes the book more than a source of in¬ 
formation on IKung demography; it is also 
a useful methodological guide for students 
of small populations.—Alan G. Fix, An¬ 
thropology, University of California, 
Riverside 


Mathematics and 
Computer Science 

Bifurcation Theory and Applications 
in Scientific Disciplines. Okan Gurel 
and Otto E. Rossler, eds. Annals of the 
New York Academy of Sciences, 316, 
708 pp. N.Y.A.S., 1979. $85 paper. 

To honor Eberhard Hopf s 75th birth¬ 
day, the New York Academy of Sciences 
organized a meeting in December 1978 
under the direction of Okan Gurel, The 
subjects treated in this proceedings vol¬ 
ume vary from the most abstract and 
difficult mathematics to concrete results 
from many applied disciplines (physics, 
chemistry, embryology, ecology, eco¬ 
nomics, and engineering). 

On the abstract side we find such 
names as M. Hirsch, J. Guckenheimer, A. 
Manning, S. Newhouse, D. Ruelle, and R. 
F. Williams. Relatively little space is de¬ 
voted to the study of bifurcation per se; 
rather the volume emphasizes the newer, 
exciting field of the theory of endomor- 
phisms (iterations) and the ergodic and 
structural-properties of attractors. On the 
applied side, there is often redundancy 
among the papers, as many authors 
rediscover by themselves—in their own 
specific studies—the generic form of 
low-dimensional bifurcations. The paper 
by John J. Kozak, in the physics section, 
devoted to the validity (or lack of validity) 
of bifurcation techniques in statistical 
mechanics and the thorough, critical 
study of Prigoginian thermodynamics by 
R. Landauer are particularly' inter¬ 
esting. 

Despite some repetition (the Zhabo- 
tinski-Belousov reaction has perhaps too 
many followers), almost all the papers 
have interesting aspects worth retaining. 
After the historic beginnings of Euler 
.{buckling of plates) and Jacobi (originator 
of the mtiAbzweigung, although this is 
not quoted here), bifurcation theory at¬ 
tained its rigorous mathematical status 
with H. Poincare’s fundamental paper of 
1880 on qualitative dynamics. It took half 
a century before Andronov and Pon- 
trjagin formulated the general concept of 
structural stability and another fifty years 
for the scientific community to realize the 


full impact of such ideas for model¬ 
building in the applied sciences. This 
book may well be a milestone in the now- 
explosive growth of these techniques 
throughout the most varied fields of 
human knowledge.— R. Thom, Institut 
des Hautes Etudes Scientifiques, 
Bures-sur-Yvette, France 


Treatise on Analysis, Vol. 6. J. Dieu- 
donne, Trans. I, G, Macdonald. Pure 
and Applied Mathematics, 10-6. 239 
pp. Academic Press, 1978. $25. 

Dieudonne’s book focuses on the 
functional analysis side of Fourier anal¬ 
ysis. It deals with the general ideas of 
functions of positive type, induced rep¬ 
resentations, spherical functions, distri¬ 
butions, and the Poisson summation for¬ 
mula. These concepts, which are at the 
forefront of the modern theory, are pre¬ 
sented in a clear manner. Many examples 
and problems will help the reader to 
master them .—Leon Ehrenpreis, Math¬ 
ematics, Institute for Advanced Study, 
Princeton, NJ 


Development of Mathematics in the 
Nineteenth Century. Felix Klein, 
Trans. M. Ackerman. Lie Groups, 9. 
630 pp. Brookline, MA: Math Sci Press, 
1979.150. 

Half of this volume is a translation of a 
book written by Klein shortly before his 
death in 1925 at the age of 75. The other 
half consists of a series of short articles by 
Robert Hermann in which much of the 
material discussed by Klein is presented 
from a modern point of view, 

Klein’s book is very much a personal 
testament, and he makes no attempt to 
hide his opinions and prejudices. He de¬ 
scribes his famous competition with 
PoincarA, calling it a draw but admitting 
that it led to a nervous breakdown after 
which he was never able to do first-class 
work, His unhappiness with the way 
mathematics was developing after World 
War I was presumably a motivation for 
writing this book. He had a great dislike 
for abstraction and the axiomatic method 
(though I suppose his early work must 
have been considered abstract by his older 
contemporaries). The emphasis on ab¬ 
straction dominated mathematics for 
about half a century (1910-60), and it is 
only during the last decade or two that 
mathematics has reached a plateau of 
abstraction which has made it possible to 
return to the deepest mathematics of the 
19th century and go beyond it. Even 
connections between mathematics and 
physics are closer today than they have 
been for some time. 

Klein would undoubtedly feel more 


comfortable in today’s mathematical at¬ 
mosphere than he did in that of the 1920s. 
Hermann clearly shares Klein’s point of 
view (hence this translation) but doesn’t 
seem to realize that his half of the hook 
could hardly have been written without 
the intervening half century in which 
many of the needed concepts and the 
modern point of view were developed. 

I found this a very stimulating book and 
recommend it highly to anyone with an 
interest in the development of 19th-cen¬ 
tury mathematics and the origins of some 
of the most profound ideas in mathe¬ 
matics.- Walter Feit, Mathematics, Yale 
University 


Equations of Evolution. Hiroki Tanabe. 
Trans, N. Mugibayashi and H. Haneda. 
Monographs and Studies in Mathe¬ 
matics, 6.260 pp, Fearon-Pitman, 1979. 
$42. 

This is a very nice exposition of the 
theory of evolution equations based on 
semigroup techniques by an authority on 
the subject who has made numerous im¬ 
portant contributions to its development. 
The treatment is detailed, extensive, and 
well organized. Linear equations are 
beautifully treated in five chapters, fol¬ 
lowed by introductions to nonlinear 
equations and to the optimal control of 
evolution equations. The book should be 
required reading for students of differ¬ 
ential equations .—Robert Carroll, 
Mathematics, University of Illinois 


Problems and Propositions in Analy¬ 
sis. Gabriel Klambauer, Lecture Notes 
in Pure and Applied Mathematics, 49. 
456 pp. Marcel Dekker, 1979. $24.50 
paper. 

This volume contains 501 problems, 
each followed by a solution, and the 
reader is invited to provide additional 
solutions. The problems include a few 
trivial ones and a great many substantial 
ones. Many give significant theoretical 
results that may not be widely known, for 
instance, Gauss’s formula for the arith¬ 
metic-geometric mean of two positive 
numbers. 

The author uses nontrivial problem¬ 
solving both to attract the student’s in¬ 
terest and to develop his or her skills. 
Most of the problems are very well suited 
to his purpose,, but there are also a fair 
number whose solutions may be frus- 
tratingly hard to discover because they 
concern identities or inequalities that 
were undoubtedly found by following 
through an argument or computation. 

_ It would be a rare student who could 
fight through the huge mass of material 
here; there is no systematic organizational 
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scheme other than the division of the 
problems into four rather broadly con¬ 
ceived chapters. Thus it is probably up to 
the instructor to pick and choose, in order 
to give the student a reasonable and co¬ 
herent task. However, there are compen¬ 
sations for the instructor who goes 
through the book, In fact, with the addi¬ 
tion of an index, the volume could well be 
a useful reference.—Stuart Jay Sidney, 
Mathematics, University of Connect' 
kut 


Spherical Models. Magnus J, Wen¬ 
ninger, 147 pp. Cambridge University 
Press, 1979. $19.95 cloth, $7.95 paper, 
When the surface of a sphere is covered 
with more than 20 triangles, these cannot 
be both congruent and equilateral. The 
best approximation to such complete 
uniformity can be seen in Buckminster 
Puller’s geodesic domes, such as the Expo 
67 Aviary in Montreal or a simpler one 
just outside the Amsterdam Airport 
(Schiphol). Many people must wonder 
how these nearly uniform structures are 
built, and our admiration for Fuller in¬ 
creases as soon as we try to work out the 
details. 

Father Magnus Wenninger’s hook 
contains five chapters, one of which de¬ 
scribes, in well-chosen words and formu¬ 
las, just how such a dome is, or should he, 
constructed, the mathematics involved 
is kept as simple as possible, but the au¬ 
thor dares to introduce spherical trigo¬ 
nometry in appropriate places, In addi¬ 
tion to a magnificent colored frontispiece, 
there are 900 figures.—//, .S', M, Cox filer, 
Mathematics, University of Toronto 


Metric Theory of Diophantine Ap¬ 
proximations, Vladimir G. Sprimhuik. 
Trans. R, A. Silverman. Scripta Series 
in Mathematics, 166 pp. Halsled Press, 
fe 1979. $19.95. 

There are global results in diophantine 
approximations which are valid for all 
numbers, more generally for all points in 
n-space, and there are individual results 
dealing with special numbers or n -tuples, 
The metric theory stands in between, It 
deals with properties that are true for ah 
" most al) points of n-space, or of a given 
manifold I.’, The author, who has made 
fundamental contributions, gives a mas- 
rful exposition, with emphasis on 
anifolds, i.e. approximation of "depon¬ 
ent quantities.” Aa he points out in the 
st section, many challenging questions 
emain, The hook is recommended to 
niyiie number theorists, but there is a 
ossibjlity that its concepts will haveap- 
locations In other areas .—Wolfgang M. 
'chmidt, Mathematics, University of 
''dorado : f:j 
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Solution Methods for Integral Equa¬ 
tions: Theory and Applications, M. A. 
Golborg, ed, Mathematical Concepts 
and Methods in Science and Engi¬ 
neering, 18. 850 pp. Plenum, 1979. 
$85. 

This volume aims to sample current 
research with an eye to fostering cooper¬ 
ation between applied mathematicians 
and scientists, The editor’s useful over¬ 
view describing several approaches to the 
various types of equations is followed by 
twelve papers reporting on research or 
surveying recent developments in Fred¬ 
holm, Vnlterrra, and Cauchy singular in¬ 
tegral equations, with emphasis on the 
principle and practice of computation. 
The technical reader may expect to find 
something of value here. A general reader 
might be interested in the comments on 
disjunctions between the mathematical 
and the technical literature, in the hints 
of IE versus DK chauvinism, and in the 
frankly promotional nature of some arti¬ 
cles.-. Richard Reals, Mathematics, Yale 

University 


Nonlinear Analysis and Mechanics: 
Heriot-Watt Symposium, Vol. 8, R. J. 
Knaps, ed. Research Notes in Mathe¬ 
matics, 80. 178 pp. Fearon-Pitman, 
1979. $16.50 paper, 

This volume is the third in a series 
based on invited lectures given at Her- 
iot Watt University and contains three 
articles. The first, by M. E, Curtin and R. 
C, MucCamy, discusses the qualitative 
behavior of solutions for various models 
of population dynamics with age depen¬ 
dence, A. Pazy’s essay is a set of notes on 
semigroups of nonlinear contractions and 
their asymptotic behavior. The third ar¬ 
ticle, by M. Slemrod, is concerned with 
damped conservation laws in continuum 
mechanics, and emphasizes the possible 
breakdown of smooth solutions, The ar¬ 
ticles are clearly written and the volume 
should prove interesting to research 
workers in analysis and applied mathe¬ 
matics J. M, Ball, Hmat-Watt Uni¬ 
versity, Edinburgh 


International Encyclopedia of Statis¬ 
tics, Vols. 1 & 2. William H. Kruskal 
and Judith M. Tanur, eds. 185(1 pp, 
Free Press, 1978, $100 set. 

The International Encyclopedia of 
Statistics {IKS} Is a compilation of the 
statistics and statistics-related articles in 
the International Encyclopedia of the 
Social Sciences (Free Press, 1968), Al¬ 
though such a collection would be of great 
value in itself, most of the entries in the 
IES have been revised to Include further 
bibliography, footnotes, or a postscript. A 
number have been totally rewritten to 


take into account advances over the last :: 
decade, and 17 new articles have been 
written especially for this volume, 

The editors have happily given their 
mandate a broad interpretation. The IKS 
contains, of course, surveys of the areas of ; 
demography, estimation, multivariate 
analysis, nonparametric statistics, sample; 
surveys, and time series, as well as articles j 
on more narrowly defined topics such as 
clustering, likelihood, quanta! response, 
and sufficiency, But one can also find 
discussions of the philosophy of science by 
Thomas Kuhn, of causation by Herbert 
Simon, and of statistical fallacies by I. J. 
Good. The biographies, which include 
among others those of Babbage, Cournot, 
Graunt, Kepler, Laplace, de Moivre, 
Poisson, Quotelet, and Siissmilch, would ' 
alone make the IES an invaluable refer¬ 
ence work for the historian. 

The IES should thus prove helpful not 
only for the professional statistician hut 
for sociologists, economists, psychologists, 
historians, philosophers, and others whose 
interests impinge on statistics. 'Die ■ 
entries are of uniformly high quality, with 
lengthy bibliographies that are particu¬ 
larly helpful as guides to a rapidly growing >. 
and increasingly complex literature. 'The i 
complete list of articles included at the ‘ 
beginning of the book, an excellent index, 
and extensive cross referencing through¬ 
out all add to its value as a reference 
work. 

Lucidity, breadth, and excellence all . 
combine to make the IES a superb 
achievement The editors have obviously 
performed their task with meticulous 
care. And in an age of declining publishing 
standards, it is a pleasure to be able to. 
report that the IES is a handsome set, 
employing a readable typeface, printed on 
good paper, and attractively bound.— F 
Sandy L, Zahell, Statistics, University of ; 
California, Berkeley 


Engineering and Applied 
Sciences 

Spectroscopy in Heterogeneous Ca¬ 
talysis. W. Nicholas Delgass, Gary L. 
Haller, Richard Kellerman, Jack H, 
Lunsford. 341 pp, Academic Press, 
1979. $35. 

Heterogeneous catalysis is a very lively 
branch of science, with many applications, 
It relies for its continuing vigor on many] 
subdivisions of chemistry (colloid, surface,; 
physical, organic, inorganic, orgnnome- 
tallic, solid state) and of spectroscopy- 
Mossbauer effect (MES), nuclear mag¬ 
netic resonance (NMR), electron spin 
resonance (ESR), x-ray photo-electron 
(XPS), diffuse reflectance (DRS).pho- 
toacoustic (PAS), Raman (RS), and in¬ 
frared (IRS). The book was written by 
four authorities on these spectroscopies 


as applied to surface chemistry and 
therefore, perhaps, to heterogeneous ca¬ 
talysis. 

The most useful spectroscopic tech¬ 
nique to both surface chemistry and het¬ 
erogeneous catalysis remains IRS, the tool 
pioneered by Robert Eischens 25 years 
ago and still the most versatile source of 
information on all surfaces, adsorbed 
species, and reaction intermediates at 
meaningful pressures and even under re¬ 
action conditions, Applications to heter¬ 
ogeneous catalysis abound and continue 
to dominate the field to the point that all 
other forms of spectroscopy treated in the 
book appear to he esoteric, with an un¬ 
certain past and a limited future. 

The reader who wants a proven tool 
may well not go beyond the first chapter, 
on IRS, but the experienced scientist who 
wants to know about more specialized 
techniques should consult the rest of the 
book and read whatever appears close to 
answering a potential problem in hetero¬ 
geneous catalysis. The weakness of the 
hook is then its lack of frankness: among 
all the spectroscopic methods reviewed 
beyond the first chapter, few have con¬ 
tributed directly to heterogeneous catal¬ 
ysis. But even those that have contributed 
indirectly have earned a place among the 
tools of the catalytic chemist. 

For example, XPS has contributed to 
the debunking of the rigid band theory of 
transition metal alloys that had paralyzed 
one generation of catalytic chemists. ESR 
has proved the existence of surface 0" 
species of great importance to many cat¬ 
alytic oxidations. RS has shown a unique 
way to handle spectroscopy at certain 
electrocatalytic surfaces. As for NMR, it 
has demonstrated the mobility of surface 
protons, a phenomenon of ihtriguing in¬ 
terest in catalysis by solid acids. The place 
of MES is secure after what it has done 
incisively and decisively for the emerging 
field of catalysis by multimetallic clusters. 
For the really adventurous, the chapter on 
DUS and PAS should prove to be an in¬ 
spiration, as their applications to heter¬ 
ogeneous catalysis are yet to come. 

The book covers a representative 
though by no means exhaustive list of 
spectroscopic techniques, from the con¬ 
ventional to the controversial. It is re¬ 
markably well coordinated for a mul- 
tiauthored volume and highly readable, 
if a bit dry and colorless. As a useful ref¬ 
erence it must be consulted by all ad¬ 
vanced workers not only in heterogeneous 
catalysis but also in surface chemistry.— 
M, Bondart, Chemical Engineering, 
Stanford University 


gramme on Computer Assisted Learning 
in the United Kingdom, 1973-77. The 
introductory paper, by Richard Hooper, 
the director, reviews the overall philoso¬ 
phy of that group and the various projects 
supported within its coherent program. It 
is a sign of a rapidly changing field that ‘ 
none of these projects involved micro¬ 
computer-based systems, as do many 
current activities .—Alfred Bark, Physics, 
University of California, Irvine 


Optical Properties of Inhomogeneous 
Materials: Applications to Geology, 
Astronomy, Chemistry, and Engineer¬ 
ing. Walter G. Egan and Theodore W. 
Hilgeman. 235 pp. Academic Press, 
1979.127.50. 

The purpose of the book is to clarify the 
newest studies of the optical properties of 
inhomogeneous materials and to provide 
a guide to solving related problems based 
on these studies. The Lunar Landing 
Program in the past decade gave a major 
impetus for the advancement and appli¬ 
cation of various optical techniques to the 
remote sensing of surface characteristics. 
The authors’ close association with plan¬ 
etary exploration projects is reflected in 
the comprehensive coverage of various 
aspects of this important current prob¬ 
lem. They treat the spectral range from 
the ultraviolet (0.18 pm) through the 
visible to the infrared (3 pm), 

The first half of the book presents the 
fundamentals of scattering models and 
complex and refractive index measure¬ 
ments in detail Very interesting and il¬ 
luminating discussions are given on the 
opposition effect, the remote sensing of 
the lunar surface, Martian surface, rings 
of Saturn, and interstellar medium, Ap¬ 
plications of these techniques to the de¬ 
sign of solar energy collectors and the 
optical properties of paints will be helpful 
to many engineers. Also useful are nu¬ 
merous experimental data on diffuse 
transmission and reflection and the 
complex indices of refraction for various 
materials, The authors have made sig¬ 
nificant contributions to these important 
current problems ,—Akira Ishimaru, 
Electrical Engineering, University of 
Washington , 


would also give a background to chemists 
and other engineers. The authors have 
presented the material in a standard form 
similar to that used in other introductory 
chemical engineering kinetics texts, in¬ 
cluding many example problems and 
problems for student solution. 

The first of three sections presents the 
fundamental principles of chemical ki¬ 
netics and reactor engineering; the second 
deals with the design of thermal and cat¬ 
alytic reactors, including fundamentals of 
heterogeneous catalysis and mass and 
heat transfer effects; and the third covers 
the advanced topics of polymerization 
reactions, thermodynamics and energy 
balances for nonideal solutions, and re¬ 
action rate theory. The book could be 
used very effectively in an undergraduate 
course, but much supplemental material 
would be needed if the last part of the 
book were to he used for a graduate 
course. 

The critical areas of design of thermal 
and catalytic reactors are covered in a 
conventional and effective manner, and 
the basic fundamentals are presented in 
a form that will he followed easily by the 
beginning student in the kinetics area. 
There are now several highly acceptable 
books on the market for use in the intro¬ 
ductory junior or senior level course on 
chemical engineering kinetics, and this 
new addition must be considered one of 
them—Max S. Peters, Chemical Engi¬ 
neering, University of Colorado 


Computer Assisted Learning in 
Science Education. Graham Beech, 
ed. 185 pp. Pergamon Press, 1978. 
$35. 

This book is based primarily on the 
work of the National Development Pro- 


Fundamentals of Chemical Reaction 
Engineering, Charles D. Holland and 
Rayford G, Anthony. International 
Series in the Physical and Chemical 
Engineering Sciences. 541 pp. Pren¬ 
tice-Hall, 1979. $23.95. 

Written for the beginner in reaction 
kinetics, this book is intended primarily 
for use in a senior level introductory ki¬ 
netics course for chemical engineers, but 


Transfer Processes: An Introduction to. 
Diffusion, Convection, and Radiation, 
2nd ed. D. K. Edwards, V. E. Denny, A. 
F, Mills. Series in Thermal and Fluids 
Engineering. 421 pp. Hemisphere/ 
McGraw-Hill, 1979. $21.50. 

This hook fills a long-standing need for 
an introductory text on both energy and 
mass transport suitable for students in 
mechanical, aeronautical, chemical, and 
even electrical engineering. While roughly 
comparable in scope to Eckert and 
Drake’s well-known treatise, the book 
contains many instructi ve worked exam¬ 
ples drawn from current technologies, 
including automotive catalytic converters, 
heat pipes, and semiconductor and 
spacecraft cooling. The emphasis is 
properly placed on developing engineer¬ 
ing problem skills; this is accomplished by 
focusing on examples amenable to a one¬ 
dimensional (ordinary differential equa¬ 
tion) description. In this respect the book 
differs significantly from those by Bird, 
Stewart and Lightfoot, Bennett and 
Myers, and Welty, Wicks, and Wilson, 
which also include a significant amount of 
material on momentum transfer (i.e. 
classical fluid mechanics). 

The balance between scope and depth 
and macroscopic versus microscopic 
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viewpoints is appropriate for an intro¬ 
ductory energy and mass transport text, 
with the essentials of most important 
topics clearly presented. Particularly 
outstanding are the sections on radiative 
transfer and its free-molecule (long- 
mean-free path) flow transport analogies. 
Perhaps on the thin side are the treat¬ 
ments of turbulence, boundary condi¬ 
tions, and engineering applications of the 
second law of thermodynamics in open 
flow systems; however, this can be said of 
all available texts at this level, 

This book is a welcome introductory 
text for engineering students who will 
have taken a separate course in fluid me¬ 
chanics and who want to progress to more 
specialized follow-up courses in energy 
and/or mass transport, In this regard it 
should be said that while mass transport 
used to be the almost exclusive province 
of the chemical engineers, its importance 
is now such that no engineer can afford to 
be ignorant of this branch of transport 
phenomena,— Daniel E. Rosner, Engi¬ 
neering and Applied Science, Yale Uni¬ 
versity 


History and Philosophy of 
Science 


Essays in Medical Sociology: Journeys 
Into the Field, Renee C, Fox, Health, 
Medicine, and Society, 548 pp, Wiley- 
Interscience, 1979, $19.95, 

These exquisitely written essays are an 
intellectual autobiography. The author’s 
introduction provides an essential orien¬ 
tation to understanding her philosophical, 
theoretical, and methodological com¬ 
mitments, Readers of contemporary so¬ 
ciological literature may be surprised, 
perhaps pleasantly, by a world view em¬ 
phasizing speculation about the human 
condition and featuring "lived out rather 
than verbalized convictions.” 

The author demonstrates her consid¬ 
erable intellectual debt to Talcott Par¬ 
sons, the mentor to whose memory she 
dedicates the essays, and to Harvard’s 
Department of Social Relations, She ap¬ 
proaches the social world clinically as an 
observing participant in case studies, with 
a broadly interdisciplinary frame of ref¬ 
erence. The essays address important 
sociological and societal issues and will be 
read with pleasure by a broad audience; 
however, readers will have to study the 
essays with great care to extract and as¬ 
sess their implications for sociological 
theory and methodology. 

Three types of “cases" are central in 
Renee Fox’s work: the process of becom¬ 
ing and being a physician, the develop¬ 
ment of hemodialysis and organ trans¬ 
plants, and the evolution of medical re- 
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search in Belgium. Dealing with uncer¬ 
tainty is the central theme of her work on 
physicians. She writes with great per¬ 
ception, but her observations are trun¬ 
cated by her failure to consider a sub¬ 
stantial body of social scientific literature 
on decisions under conditions of uncer¬ 
tainty as a common problem in complex 
societies, not just a problem for physi¬ 
cians. Her essays on bioethics are superb; 
she has a keen sense of how and why 
technological imperatives in medicine 
inexorably confront moral and religious 
presuppositions. The author’s preoccu¬ 
pation with Belgium clearly has personal 
significance that may not be shared by her 
readers. She intends to illustrate the 
usefulness of a comparative sociological 
perspective, but the lessons to be learned 
remain largely implicit. The most obvious 
lesson is that sociocultural factors affect 
who is encouraged or permitted to do 
what kinds of research, She does not use 
the Belgian case, for example, as a point 
of departure for a systematic explication 
of sociocultural factors that might explain 
the ineffectiveness she attributes to 
American medical sociology, a specialty 
she considers more adequately described 
as social criticism than as social science, 
These essays do not constitute a review 
of contemporary theory and methodology 
in medical sociology, They are intellectual 
autobiography and, as such, will be read 
widely and with appreciation,— George L. 
Maddox, Medical Sociology, Duke Uni¬ 
versity Medical Center 


Genesis of Relativity. Loyd S. Swenson, 

Jr, Studies in the History of Science, 5. 

266 pp. Burt Franklin, 1979. $21. 

Those who know The Etherial Aether , 
Swenson’s history of the Michelson- 
Morley experiment, will welcome this 
companion volume which deals with the 
roots of relativity in the theoretical 
physics and scientific philosophy of the 
late nineteenth century, Neither account 
is sequel to the other; they deal with con¬ 
current threads in the history of the ether, 
and they overlap less than one might ex¬ 
pect, 

Like the earlier book, this is vernacular 
history, a narrative in vigorous and well- 
written English to summarize what was 
attempted and accomplished without the 
burden of theoretical details or numerical 
results. It is based on a wide acquaintance 
with the literature but laid in with a broad 
brush, and it succeeds best where that 
treatment is most effective. 

To those of us raised on the notion that 
physics began with the gaseous ions of the 
Cavendish Laboratory, it is interesting to 
read, of an earlier time with different 
preoccupations: to clarify Maxwell’s 
theory, to understand the interaction of 
his electromagnetic radiation with matter, 


to remove metaphysical absolutes from 
the science of mechanics. These were ef¬ 
forts dominated at first by Helmholtz and 
Hertz, later by Mach, Lorentz, and 
Poincare, 

Although the later chapters on the de¬ 
velopment of Einstein’s ideas come off 
somewhat less well, that must in all fair¬ 
ness be classed as a disappointment 
rather than a fault. The vernacular his¬ 
tory of physics is always hard to write, and 
it becomes harder the more fundamental 
the matter that is dealt with. Given all 
that we do have here, it is ungrateful of us 
to wish for more.—Alfred Earner, St. 
Lawrence University, Canton, NY 


Humanhood: Essays in Biomedical 

Ethics. Joseph Fletcher. 204 pp. Pro¬ 
metheus Books, 1979. $14.95 cloth, 

$6.95 paper. 

The indefatigable Joseph Fletcher has 
produced another book extolling the 
virtues of his “situation ethics.” Let me 
first indicate what I find worthy about 
Fletcher’s ethical analysis before I show 
why I hope it is not taken up by the public 
to which it is addressed, He is right in 
pointing out that the particular aspects of 
a situation must be taken into account in 
the moral justification of any human ac¬ 
tion. While for Fletcher the variety of 
contexts in human experience precludes 
rules, for other moral philosophers a 
knowledge of the situation may be nec¬ 
essary to decide which of many rules are 
applicable, Fletcher is also praiseworthy 
in his valiant attempt to define human- 
hood, the enhancement of which he re¬ 
gards as a value rather than a rule. 

To the author, rules are “bad, 11 values 
are “good”: a rule rs an inflexible, absolute 
policy of behavior, while a value is often 
a desirable human end or quality. In 
practice, however, rules have been in¬ 
tended to reflect values but have rarely 
been treated so absolutely as Fletcher 
claims. Moral problems arise because the 
particular rules that apply to a given sit¬ 
uation may indicate conflicting courses of 
action. 

Fletcher seems to think that a utilitar¬ 
ian calculus will suffice to get us out of 
such jams. Its object would be to deter¬ 
mine, in the objective manner of science, 
the course of action that will result in the 
greatest amount of that which humans 
desire (or need) distributed to the greatest 
number of humans. The availability of 
such a calculus, he believes, will be as¬ 
sured when highly intelligent people set 
themselves to it, 

The fallacies in the argument for an 
ethical arithmetic include die assumption, 
to which the author appears at times an 
unavowed subscriber, that we can entirely 


his displeasure with absolute conformity 
to inflexible rules is more than matched 


by his stubborn belief about which poli¬ 
cies will produce desired ends. His view 
leaves lots of room for moral equivocation 
in the face of the complex and all-too- 
common situations over which humans 
lack complete control. 

Another fallacy is the consistent setting 
of the “social” over the “individual” good 
(an ironic example of Fletcher’s own 
rule-following). But it is precisely where 
the social good always prevails that such 
policies as mandatory, negative eugenics 
arise. It would be more consistent to rec¬ 
ognize a tension between the social and 
individual goods that cannot always be 
relieved in favor of the many. 

Inconsistencies abound. Arguing on 
behalf of abortion, for example, Fletcher 
approves of pluralism and individual de¬ 
termination, whereas when he espouses 
genetic engineering, he supports the right 
of society to enforce standards upon in¬ 
dividuals. The unpardonable confusion 
lies in his equation of the biological and 
cultural definitions of humanhood, a 
confusion he promises in an early chapter 
to avoid. For him, the “highest good or 
first-order value is survival of the human 
race," not survival of the moral qualities 
that make man an "ethical animal.” His 
simplistic “situation ethics” is dangerous 
precisely because of the plasticity it af¬ 
fords to concoct arguments for doing what 
one finds most convenient or safe.— 
Arnold W. Ravin, Biology, University of 
Chicago 


Manipulated Science: The Crisis of 
Science and Scientists in the Soviet 
Union Today. Mark Popovsky. Trans. 
Paul S. Falla, 244 pp. Doubleday, 1979. 
$10.95. 

We ate certainly in need of an objective 
and accurate analysis of the developing 
relationship between science and society 
in the Soviet Union. Unfortunately, this 
book by a dissident Soviet writer (now 
living in the United States) is not it. 
Rather than a balanced account of the 
problems of large-scale scientific organi-. 
zation, of recent developments in “science 
cities,” or of the attempts to work out 
scientific exchanges in an ideologically 
split world, we get an extremely virulent 
denunciation of Soviet society and its 
management of science and scientists.— 
Robert Filner, History, San Diego State 
University 


The Uranium People. Leona Marshall 

Libby. 341 pp. Scribner’s, 1979. 

$15,95. 

This book promises to be a special ac¬ 
count of the Manhattan Project: the au¬ 
thor, a trained chemist who worked in 
nuclear physics with the project, is emi¬ 


nently qualified to chronicle America’s 
development of nuclear weaponry. In 
addition to giving firsthand recollections 
of the people and events, she treats the 
scientific process and science policy dur¬ 
ing that era. 

Regrettably, the book does not totally 
fulfill its promise. What it does provide is 
a very satisfactory account of the pi¬ 
oneering scientific and technological work 
that produced the self-sustained nuclear 
reaction at Chicago, the fission bomb at 
Hanford and Los Alamos, and the fusion 
bomb at Los Alamos and Livermore, 
Libby guides the reader through the sets 
of problems facing each research group as 
they approached their tasks with an in¬ 
genious combination of theoretical 
physics, experimental technique, and 
trial-and-error developmental work, 
These were exciting, frustrating, and 
frightening endeavors, and Libby cap¬ 
tures these emotions, A large number of 
characters are introduced in her portrayal 
of success achieved through scientific 
genius and hard work. 

What Libby does not provide is a fully 
developed insight into the human element 
of the enterprise. Although the book is 
filled with vignettes about such people as 
Enrico Fermi, Robert Oppenheimer, 
Edward Teller, and Leslie Groves, most 
are fragments, often interrupting the 
narrative. Fermi receives the fullest and 
most sympathetic treatment, and Libby’s 
book serves as a good source of informa¬ 
tion about him, However, the portraits of 
others are sketchy, leaving the reader 
wanting to know more. 

Those interested in the story of nuclear 
weaponry should read this book. How¬ 
ever, they also should consult Laura Fer¬ 
mi’s Atoms in the Family, Nuel Pharr 
Davis’s Lawrence and Oppenheimer, 
Arthur H. Compton’s Atomic Quest, and 
Stephane Groueff’s Manhattan Project: 
The Untold Story of the Making of the 
Atomic Bomb; among others, for a more 
fully dimensioned picture of this distin¬ 
guished era of American science.— H. J. 
Eisenman, History, University of Mis- 
souri-Rolla 


Robert Fludd and His Philosophicall 
Key. Introduction by Allen Debus, 
Primary Sources from the Scientific 
, Revolution. 156 pp. Neale Watson, 
1979. $40. 

In this slim but handsomely illustrated 
volume, a leading historian of Renais¬ 
sance chemistry helps to overcome the 
undue neglect of Fludd (1574-1687) by 
editing the generally inaccessible manu¬ 
script describing his wheat experiments 
with their prefatory material. Taking 
wheat as the plant kingdom’s pinnacle 
and essence, like man and gold in their 
realms, these alchemical operations were, 
for Fludd, his philosophy’s “ocular dem¬ 


onstration and experimental conclu¬ 
sion.” 

Debus’s Introduction handily summa¬ 
rizes the Philosophicall Key and carefully 
locates Fludd’s scientific ideas in the 
contexts of education reform, court pa¬ 
tronage, and religious tensions, but avoids 
assaying his place in the wider history of 
science. For that one must turn to Debus’s 
recent major study, The Chemical Phi¬ 
losophy: Paracelsian Science and Medi¬ 
cine in the 16th and 17th Centuries. 
Unfortunately the text has not been an¬ 
notated and there is no index. 

To those of us who value modern sci¬ 
entific approaches to nature and take 
pleasure in the modernity of Fludd’s 
contemporaries Galileo and Harvey, 
Fludd’s elaborate metaphoric and mys¬ 
tical constructions of nature will appear 
uncongenial, if not foolish. Nonetheless, 
as demonstrated beyond doubt in much 
recent scholarship, no genuine under¬ 
standing of the transition from medieval 
to modern scientific work can avoid ex¬ 
amining the alchemical and magical con¬ 
cerns of the makers of modern science.— 
Bert Hansen, Institute for the History 
and Philosophy of Science and Tech¬ 
nology, University of Toronto 


Scientific Realism and the Plasticity 
of Mind. Paul M. Churchland. Studies 
in Philosophy. 157 pp. Cambridge 
University Press, 1979. $19,95. 

This book seems to impart to the non¬ 
specialist a flavor of 19th-century phi¬ 
losophy, preanalytic, normative, and 
benignly futuristic. In this fashionably 
slim volume Churchland paints with a 
remarkably broad brush and covers a lot 
of ground. 

The basic concern of the book, as the 
title suggests, is epistemology and the 
philosophy of mind handled within the 
general orientation of the school of Sellars 
and Quine. Churchland argues that there 
is no difference between a scientific the¬ 
oretical system and a common-sense 
conceptual framework. The latter is sim¬ 
ply the outcome of an assimilated theo¬ 
retical system that “got there first.” Per¬ 
ceptual judgments themselves have a 
theoretical basis; one could make such 
judgments on the basis of something other 
than the “common-sense theory.” 

Entering now the philosophy of mind, 
our conception of ourselves as perceivers 
is itself theoretical (a la Sellars), centered 
about the idea of “persons.” Churchland’s 
boldest move is to suggest that the current 
impasse in epistemology exists because it 
is a “kinematics of sentences” using pa¬ 
rameters parochial to our own species, 
culture, and theory of perception; only by 
transcending this limitation can clarity 
and congruence with scientific reality be 
achieved. The text includes illuminating 
examples of modes of perception other 

1980 May-June 345 i 








than our own, for example that of an or¬ 
ganism that perceives blackbody radia¬ 
tion at room temperatures visually (as in 
infrared photography}. 

In sum, the boldness of the book is also 
its weakness. We can agree that our 
knowledge is expressed in terms of pa¬ 
rameters idiosyncratic to,our species, but 
if we replace them with others these will 
be no less parochial. The task of ep¬ 
istemology is not to be a metaepistemol¬ 
ogy but to make sense of the parameters 
we actually use in constructing knowl¬ 
edge.—/?. A. Uritam, Physics, Boston 
College 


Electricity before Nationalisation: A 
Study of the Development of the Elec¬ 
tricity Supply Industry in Britain to 
1948. Leslie Hannah, 467 pp, Johns 
Hopkins University Press, 1979. 
$28.50. 

In the last quarter of the 19th century 
the organic chemical and the electrical 
supply industries became the first im¬ 
portant industries to be based on science. 
Electricity was still a mysterious force 
even to scientists—Kelvin said at the turn 
of the century: “I don’t know what elec¬ 
tricity is and cannot define it.” But this 
book is primarily concerned with engi¬ 
neering, politics, and economics; there is 
; very little about research and develop¬ 
ment, and the valuable pages on technical 
innovation are far fewer than those on 
prices. In the light of current concern 
about the British engineering profession, 
more, reflection about its adequacies in 
this industry, which it dominated, would 
have been welcome. 

However, the politics and economics of 
the story are most important. Until 1926 
electricity generation in Britain lagged 
badly; it was mostly small scale and ex¬ 
pensive, with little standardization and 
few large, interconnected systems. The 
technocratic tradition of cooperation that 
had shown such strength in Germany 
failed to develop in the British industry, 
which was deeply divided against itself by 
historical and political, as well as local and 
personal, factors, From 1926 on, the na¬ 
tionally organized grid brought enormous 
improvement, but reform of distribution 
foundered until after World War II on 
political (collectivist versus private) 
conflict. As for the economics, Hannah 
shows how the huge increase in domestic 
demand was fed by costing and pricing 
policies that encouraged expensive over¬ 
investment to meet peak loads; systematic 
cost research came very late. 

There are other topics of interest in this 
hook—for example, industrial relations 
and environmental concern. All topics 
reflect excellent work by the research as¬ 
sistants, whose achievement makes the 
type for their names on the title page un¬ 
generous .—Margaret Gowing, History of 
Science, University of Oxford 

346 American Scientist, Volume 68 


The Riddle of the Sphinx: Calendric 

Symbolism in Myth and Icon. Charles 

F. Herberger. 219 pp. Vantage Press, 

1979. $8.50. 

This book’s central thesis is that an¬ 
cient Greek mythology is an elaboration 
of certain “archetypes,” or mythic pat¬ 
terns originating in primitive ritual 
practices. The author argues that these 
archetypes became the basis for calendar 
customs in the Minoan age, and that they 
continually recur in the literature and 
iconography of antiquity. The clue to de¬ 
ciphering these myths and their arch¬ 
etypes, the author claims, is provided by 
his “discovery” of a solar-lunar calendar 
in the Toreador Fresco at the Palace of 
Minos at Knossos. This thesis is inter¬ 
esting, but not convincing as presented 
here, The argument rests on the a priori 
assumption that archetypes survive intact 
through major cultural transformations, 
which is unproven. The author’s evidence 
for calendric symbolism in the myths and 
icons treated is too inconclusive to sup¬ 
port such a weighty assumption.— Wil¬ 
liam Eamon, History, New Mexico State 
University, Las Cruces 


A History of Industrial Power in the 

United States, 1780-1930, Vol. 1: 

Waterpower in the Century of the 

Steam Engine. Louis C, Hunter. 606 pp. 

University Press of Virginia, 1979. 

$24,95. 

Although waterpower was the domi¬ 
nant form of industrial power in the 
United States until the 1860s and an im¬ 
portant source of power for some decades 
after, its history and importance have 
been long overlooked. Hunter’s study of 
waterpower in America to 1.900, the first 
volume of a projected three-volume study, 
makes up for this neglect. 

Hunter describes the operation and 
technological evolution of both the tra¬ 
ditional vertical water wheel and the 
water turbine in a very thorough manner. 
But he goes beyond that. He reviews not 
only the prime mover itself but associated 
systems—millwork, dams, reservoirs, 
raceways, watersheds—that made energy 
available. His chapter on the evolution of 
direct-drive power transmission—the 
complex of belts, gears, pulleys, and shafts 
that carried power from the wheel to 
manufacturing machinery—is a particu¬ 
larly important contribution to a long- 
neglected subject, 

This book is far more than just a tech¬ 
nological history. Hunter places water¬ 
power in the context of the societies that 
nurtured it and depended on it. He out¬ 
lines its social,: legal, and economic back¬ 
ground in subsistence agricultural com¬ 
munities that relied on watermills of one 
or two horsepower to alleviate the 
drudgery of pioneer life as well as in urban 
industrial centers that grew up, like 
Lowell, Massachusetts, around water¬ 
power complexes delivering thousands of 


horsepower. Hunter discusses the factors f 
behind the rise of both small- and large- ;• 
scale waterpower in America, why these *: 
phenomena flourished, and why they 
eventually declined. 

Although the book has no bibliography, ; 
the abundance of footnotes and Hunter’s 
thorough and painstaking research pro¬ 
vide a mine of information for future 
scholars. It is an excellent work and will, I 
beyond doubt, be the standard study of 1 
the history of waterpower in America for J 
years to come .—Terry S. Reynolds, | 
General Engineering, University oj i 
Wisconsin 

Current Research in Philosophy of 
Science. Edited by Peter D. Asquith | 
and Henry E. Kyburg, Jr. 533 pp. East 
Lansing, MI: Philosophy of Science I 


Association, 1979. $12.50 cloth, $10.50 j 

paper. 

Are you looking for a nontechnical [■ 
survey of what is happening in philosophy : 
of science? This is the book for you: 
twenty-eight papers by well-known phi¬ 
losophers of science. Each paper is on : 
some area of philosophy of science and ' 
summarizes the major issues and pnsi- : 
tions taken today. There are, for example, ; 
papers on the methods of philosophy of 
science and the relationship between . 
philosophy of science and history, so- 
ciology, and technology. There are papers : 
on metascience topics such as the nature 
of theories, causality, induction, and re- 
duction; and there are papers on the 
philosophical foundations of various dis- ; . 
ciplines such as physics, biology, psy- : 
chology, and medicine. 

This hook really does provide an au- [ 
thoritative survey in a way that no book 
by a single author could. Because each b 
paper has a good bibliography and com- | 
ments on what direction future research : 
should take, the book is valuable for pro¬ 
fessional philosophers of science and (;'■ 
graduate students; but since the papers 
are so readable, I have no hesitation in 
recommending it to interested nonphilo- 
sophers and undergraduate students,- 
James Moore, Philosophy, Dartmouth V 
College " l 


Torn and battered? 


Sending American Scientist 
unprotected through the mails means 
that, inevitably, some copies reach 
their destination tom and battered. If 
your copy arrives in damaged 
condition, we will immediately send a. 
new, wrapped copy on request. 
Wrapping the magazines separately is 
the general mailing would increase 
distribution costs appreciably; 
replacing individual damaged copies 
appears to be the best policy for the 
present. 
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Burnett, J. H., & A. P, J. Trinci, eds. 
Fungal Walls and Hyphal Growth. 
Proc, Symp,, Queen Elizabeth College, 
London, 1978. 418 pp, Cambridge 
University Press. $57.50. 

Busch, Harris, Stanley T. Crooke, Yerach 
Daskal, eds. Effects of Drugs on the 
Cell Nucleus. Bristol-Myers Cancer 
Symposia, 1. 568 pp. Academic Press. 
$37.50. 

Carafoli, Ernesto, & Giorgio Semenza, 
eds. Membrane Biochemistry: A Lab¬ 
oratory Manual on Transport and 
Bioenergetics. 175 pp. Springer-Verlag. 
$14.80 paper. 

Castellani, A,, & I. F. Quercia, eds. Syn¬ 
chrotron Radiation Applied to Bio¬ 
physical and Biochemical Research. 


NATO Advanced Study Institutes, 
Series A: Life Sciences, 25, 390 pp. 
Plenum. $39.50. 

Caughey, Winslow S., ed. Biochemical 
and Clinical Aspects of Oxygen. Proc. 
Symp., Pingree Park Campus, Colora¬ 
do State Univ., 1978.866 pp. Academic 
Press. $45. 

Cohn, Waldo E., ed. Progress in Nucleic 
Acid Research and Molecular Biology, 
Vol. 23.301 pp, Academic Press. $31. 
Cole, H. H., & W. N, Garrett, eds. Animal 
Agriculture: The Biology, Husbandry, 
and Use of Domestic Animals, 2nd ed. 
Books in Animal Science. 739 pp. W. H. 
Freeman, 1980. $19.95. 

Cummings, Donald J., et al,, eds, Extra- 
chromosomal DN A. ICN-UCLA Sym¬ 
posia on Molecular and Cellular Biol¬ 
ogy, 15. 564 pp. Academic Press. 
$29.50. 

Djerassi, Carl. The Politics of Contra¬ 
ception, Portable Stanford Series, 274 
pp. W. W, Norton, $10,95. 

Dumont, Rene, & Nicholas Cohen. The 
Growth of Hunger: A New Politics of 
Agriculture. Ideas in Progress, 229 pp. 
Marion Boyars, 1980. $7.95 paper. 
Ebeling, Walter. The Fruited Plain: The 
Story of American Agriculture. 433 pp, 
University of California Press. $22.50. 
Eisen, Martin. Mathematical Models in 
Cell Biology and Cancer Chemother¬ 
apy. Lecture Notes in Biomathematics, 
30. 431 pp. Springer-Verlag, $26 
paper. 

Ewens, W. J .Mathematical Population 
Genetics. Biomathematics, 9,325 pp, 
Springer-Verlag. $32. 

Foster, R. L. The Nature of Enzymology. 

383 pp, Halsted Press, 1980. $39.95. 
Fraenkel-Conrat, Heinz, & Robert R. 
Wagner, eds, Newly Characterized 
Vertebrate Viruses. Comprehensive 
Virology, 14.544 pp, Plenum, $45. 
Fraenkel-Conrat, Heinz, & Robert R. 
Wagner, eds. Virus-Host Interactions: 
Immunity to Viruses, Comprehensive 
Virology, 15,293 pp. Plenum. $29.50. 
Frolkis, Vladimir V,, & Vladislav V. 
Bezrukov, Aging of the Central Ner¬ 
vous System. Interdisciplinary Topics 
in Gerontology, 16.131 pp, Basel: S. 
Karger. $43 paper, 

Fryxell, Paul A. The Natural History of 
the Cotton Tribe. 245 pp. Texas A & M 
University Press, 1980, $16,75. 

Gans, Carl, ed, Biology of the Reptilia, 
Vol. 9: Neurology A. 462 pp. Academic 
Press, $69. 

Gorman, M. L .Island Ecology. Outline 
Studies in Ecology. 79 pp. Halsted 
Press, $4,95 paper. 

Gov, Robert W., & Bruce S, McEwen. 
Sexual Differentiation of the Brain. 
Based oh a Neurosciences Research 
Program Work Session, 1977,223 pp. 

. MIT Press, 1980. $17.50. 

Gregoriadis, Gregory, ed. Drug Carriers 
in Biology and Medicine. 363 pp, Aca¬ 
demic Press. $46. 

Grosch, Daniel S., & Larry E, Hopwood. 
Biological Effects of Radiations, 2nd 
ed. 338 pp. Academic Press. $27.50, 
Hahn, Martin E., Craig Jensen, Bruce C, 
Dudek, eds, Development and Evolu¬ 
tion of Brain Size: Behavioral Impli¬ 
cations. 393 pp. Academic Press. 
$29.50, 

Hainsworth, R., C, Kidd, R. J. Linden, 
eds. Cardiac Receptors. Proc. Symp,, 


Univ. of Leeds, U.K., 1976. 517 pp, 
Cambridge University Press, $69.50. 
Hall, A. E..G. H. Cannell, H. W. Lawton, 
eds. Agriculture in Semi-Arid Envi¬ 
ronments. Ecological Studies, 34.340 
pp. Springer-Verlag. $49.80. 
Hammersen, Frithjof, Histology: A Color 
Atlas of Cytology, Histology and Mi¬ 
croscopic Anatomy, 2nd ed, 235 pp. 
Urban & Schwarzenberg, 1980. $29. 
Harter, Walter. Birds in Fact and Leg¬ 
end. 128 pp. Sterling. $5.95. 

Hegyeli, Ruth Johnsson, ed, Measure¬ 
ment and Control of Cardiovascular 
Risk Factors. Atherosclerosis Reviews, 
7.338 pp. Raven Press, 1980. $34. 
Herbert, Sandra, ed. The Red Notebook 
of Charles Darwin. Unpaged. Cornell 
University Press, 1980. $17,50. 
Hershman, Jerome M,, & George A, Bray, 
eds. The Thyroid: Physiology and 
Treatment of Disease. International 
Encyclopedia of Pharmacology and 
Therapeutics, 101. 634 pp, Pergamon 
Press. $100, 

Hopkins, C. R., & C. J, Duncan, eds. Se¬ 
cretory Mechanisms. Symposia of the 
Society for Experimental Biology, 33. 
399 pp. Cambridge University Press. 
$65. 

Horecker, Bernard L., & Earl R, Stadt- 
man, eds. Current Topics in Cellular 
Regulation, Vol, 15.331 pp. Academic 
Press. $33.50. 

Hutchinson, T. C., & M. Havas, eds. Ef¬ 
fects of Acid Precipitation on Terres¬ 
trial Ecosystems. NATO Conference 
Series, 1: Ecology, 4. 654 pp, Plenum, 
1980. $49.50. 

Ibrahim, Michel A., ed. The Case-Control 
Study: Consensus and Controversy. 
144 pp, Pergamon Press. $25. 

Izumiya, Nobuo, et al. Synthetic Aspects 
of Biologically Active Cyclic Pep¬ 
tides—Gramicidin S and fymidines. . 
Kodansha Scientific Books. 166 pp, 
Halsted Press. $29.95. 

Jacquez, John A. Respiratory Physiology. 

442 pp. Hemisphere. $24.95. 

Jashemski, Wilhelmina F, the Gardens 
; of Pompeii: Herculaneum and the 
Villas Destroyed by Vesuvius. 384 pp, 
Caratzas Brothers. $50. 

Jefferies, R. L,, & A, J, Davy, eds. Eco¬ 
logical Processes in Coastal Environ¬ 
ments, Proc. 1st European Symp. & 
19th Symp., British Ecological Society, 
Norwich, England, 1977. 684 pp, 
Halsted Press, $79.95, 

Johannessen, Jan Vincents, ed. Ultra- 
structural Pathology, Vol. 1, No. 1.156 
pp. Hemisphere, 1980, $96 quarterly 
subscription, 

Jones, Gilda L, & G. Ann Hebert, eds, 

; “ Legionnaires’ The Disease, thei 

Bacterium and Methodology. HEW 
Publication 79-8375. 173 pp. Spring- 
field, VA: National Technical Infor¬ 
mation Service. $9, 

Jones, Norman L, Blood Gases and 
Acid-Base Physiology. 176 pp, Stratton 
Intercontinental, 1980, No price 
given. 

Joseph, James, Wittold Klawe, Pat 
Murphy. Tuna and Billfish: Fish 
Without a Country. 46 pp. La Jolla, 
CA: Inter-American Tropical Tuna 
Commission. $7,95 paper. 

Keehn, J. D., ed. Origins of Madness: 
Psychopathology in Animal Life. 422 
pp. Pergamon Press. $40. 
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Keehn, J, D., ed. Psychopathology in 
Animals: Research and Clinical Im¬ 
plications. 334 pp. Academic Press. 
$25. 

Keenleyside, Miles H. Diversity and 
Adaptation in Fish Behavior. Zoo¬ 
physiology, 11.208 pp. Springer-Verlag. 
$37.90. 

Kendeigh, S. Charles. Invertebrate Pop¬ 
ulations of the Deciduous Forest: 
Fluctuations and Relations to 
Weather. Illinois Biological Mono¬ 
graphs, 50.107 pp. University of Illinois 
Press. $10 paper, 

Koch, Gebhard, & Dietmar Richter, eds. 
Regulation of Macromolecular Syn¬ 
thesis by Low Molecular Weight Me¬ 
diators. Proc. Workshop, Blankenese, 
W, Germany, 1979.370 pp. Academic 
Press, $24.50. 

Lauffer, Max A., et al., eds. Advances in 
Virus Research, Vol. 25. 534 pp. Aca¬ 
demic Press. $46. 

Lechene, Claude P., & Ronald R. Warner, 
eds. Microbeam Analysis in Biology. 
Proc. Workshop, Boston, 1977.672 pp. 
Academic Press. No price given. 

Lee, C. P., G. Schatz, L, Ernster, eds. 
Membrane Bioenergetics. Proc, In- 
ternat, Workshop, Cranbrook Schools, 
Bloomfield Hills, MI, 1979. 609 pp. 
Addison-Wesley, $25.50 paper. 

Lee, Richard, Forest Hydrology. 349 pp. 
Columbia University Press, 1980. $25. 

Lemke, Paul A., ed. Viruses and Plasmids 
in Fungi. Mycology, 1.653 pp. Marcel 
Dekker, $55. 

Lenihan, John, & William W. Fletcher, 
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demic Press. $17.50, 

Lewis, William M,, Jr. Zooplankton 
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Verlag. $24.80. 
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Science and Technology. 502 pp. Aca¬ 
demic Press, 1980, $39,50. 
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Nostrand Reinhold, 1980. $18.60. 
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Academic Press. $27,50. 
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pp. Oxford University Press. $57,20. 
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niques in Medicine, Techniques of 
Measurement in Medicine, 3.229 pp. 
Cambridge University Press, $34,50 
cloth, $10.95 paper. 

McComb, Robert B., George N, Bowers, 
Jr,, Solomon Posen, Alkaline Phos¬ 
phatase. 986 pp, Plenum. $75. 

McKeown, Thomas, The Role of Medi¬ 
cine: Dream, Mirage or Nemesis ? 207 
pp, Princeton University Press, $16 
cloth, $5.95 paper. 

Maramorosch, Karl, & Hiroyuki Hirumi, 
eds. Practical Tissue Culture Appli¬ 
cations. Proc, Conf., Nairobi, 1978.426 
pp, Academic Press, $29,50. 

Marchalonis, John J,, & Nicholas Cohen, 
eds. Contemporary Topics in Immu¬ 
nobiology, Vol. 9: Self/Non-Self Dis¬ 
crimination. 293 pp. Plenum, 1980. 
$29.50, 

Miller, T. A. Insect Neurophysiological 


Techniques. Experimental Entomol¬ 
ogy, 1. 308 pp, Springer-Verlag. 
$25.80. 

Milunsky, Aubrey. Genetic Disorders and 
the Fetus: Diagnosis, Prevention, and 
Treatment. 704 pp. Plenum. $49.50. 

Mishell, Barbara B., & Stanley M, Shiigi, 
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munology. 486 pp, W. H. Freeman, 
1980. $29.95. 

Morgan, Joan, & W. J. Whelan, eds. Re¬ 
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Kent, UK, 1979. 309 pp. Pergamon 
Press. $50. 

Morgane, Peter J., & Jaak Panksepp, eds. 
Anatomy of the Hypothalamus. 
Handbook of the Hypothalamus, 1.726 
pp. Marcel Dekker. $95. 

Murray, Bertram G., Jr. Population Dy¬ 
namics: Alternative Models. Physio¬ 
logical Ecology. 212 pp. Academic 
Press. $21, 

Nelson, Robert H. An Introduction to 
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pp. Pergamon Press. $20 cloth, $8 
paper. 

Newth, D, R,, & M, Balls, eds, Maternal 
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Symp,, British Society for Develop¬ 
mental Biology, Exeter, UK, 1978.420 
pp. Cambridge University Press. 
$77.50. 

Nichols, Warren W., & Donald G. Mur¬ 
phy, eds. International Review of Cy¬ 
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demic Press. $22.50. 

Osborn, John F. Statistical Exercises in 
Medical Research. 154 pp. Halsted 
Press, $14,95 paper. 

Ouellette, Robert P„ Norman W. Lord, 
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Energy Alternatives. 135 pp, Food & 
Nutrition Press, 1980. $22, 

Palomar, Manuel K., ed. Annals of 
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Leyte, Philippines: Visayas State Col¬ 
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Pavone-Macaluso, M., P, H. Smith, F. 
Edsmyr, eds. Bladder Tumors and 
Other Topics in Urological Oncology. 
Ettore Majorana I nternational Science 
Series: Life Sciences, 1.528 pp. Plenum, 
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Perlman, D., ed, Advances in Applied 
Microbiology, Vol, 25. 291 pp. Aca¬ 
demic Press. $28, 

Perlman, D„ ed. Annual Reports on 
Fermentation Processes, Vol. 3.346 pp. 
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Pernkopf, Eduard, Atlas of Topogra- 
phical and Applied Human Anatomy, 
Vol. 1: Head and Neck: 2nd rev. ed. 
Helmut Ferner, ed. Trans. Harry 
Monsen. 308 pp, University Park Press, 
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Pollara, Bernard, etal,, eds .Inborn Errors 
of Specific Immunity. Birth Defects 
Institute Symposia. 469 pp, Academic 
Press, $34. 

Price, Nicholas C., & Raymond A, Dwek. 
Principles and Problems in Physical 
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pp. Oxford University Press. $23 cloth, 
$9,95 paper. 

Railing, Christopher, ed. The Voyage of 
Charles Darwin. 183 pp, Mayflower. 
$9.95. 


Rayle, David L,, & Hale L. Wedberg. 
Botany: A Human Concern, 2nd ed. 
358 pp. W. B. Saunders, 1980. No price 
given. 

Ronald, K., & R, Duguy, eds. The Medi¬ 
terranean Monk Seal. UNEP Techni¬ 
cal Series, 1. Proc, 1st Internal Conf., 
Rhodes, Greece, 1978.183 pp. Perga¬ 
mon Press. $20. 

Rubenstein, Irwin, et al., eds. The Plant 
Seed: Development, Preservation, and 
Germination. Proc. Symp., Univ. of 
Minnesota, St. Paul, 1978.266 pp. Ac¬ 
ademic Press. No price given. 

Schiller, Joseph. Physiology and Classi¬ 
fication: Historical Relations. Series 
Universite de Compiegne, 194 pp. 
Paris: Maloine, 1980. Paper, no price 
given. 

Schwartz, Lazar M. Compendium of Im¬ 
munology, Vol. 1,2nd ed., 515 pp. Van 
Nostrand Reinhold, 1980. $23.50. 

Sell, Stewart, ed. Cancer Markers: Diag¬ 
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cance. Contemporary Biomedicine. 541 
pp, Clifton, NJ: Humana Press, 1980. 
$49.50., 

Shepherd, John T., & Paul M. Vanhouttc. 
The Human Cardiovascular System: 
Facts and Concepts. 351 pp. Raven 
Press. $22 cloth, $13.50 paper. 

Simpson, George Gaylord.Sp/endid Iso¬ 
lation: The Curious History of South : 
American Mammals. 266 pp, Yale 
University Press, 1980. $ 17.50. 

Sinclair, A. R. E., & M. Norton-Griffiths, 
eds. Serengeti: Dynamics of an Eco ■ ] 
system. 389 pp. University of Chicago 
Press, $28.50. I 

Smith, George, ed. Proceedings of the ■ 
Sixth International Congress on Hy¬ 
perbaric Medicine. Univ. of Aberdeen, 
Scotland, 1977. 468 pp. Pergamon 
Press. $50. 

Smith, Kendric C., ed. Photochemical 
and Photobiological Reviews, Vol. 5. f 
316 pp. Plenum, 1980. $35. 

Smythies, John R., & Ronald J. Bradley, 
eds. International Review of Neuro- 
biology, Vol. 21. 417 pp. Academic 
Press. $39. 

Soule, Michael E., & Bruce A. Wilcox, eds. 
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ary-Ecological Perspective. 395 pp. 1 
Sinauer, 1980. $14.95 paper. 

Staniforth, A. R. Cereal Straw. 175 pp. 
Oxford University Press. $29.95. \ 

Steklis, Horst D., & Michael J. Raleigh, f 
eds. Neurobiology of Social Comma- i 
nication in Primates: An Evolutonary s 
Perspective. Communication and Be- ' 
havior: An Interdisciplinary Series. 325 i 
pp. Academic Press. $24,50, \ 

Szalay, Frederick S., & Eric Deleon. Ev- \ 
olulionary History of the Primates, r 
580 pp. Academic Press. $45. \ 

Thomson, J.R. An Introduction to Seed ; 
Technology. 252 pp. Halsted Press. | 


$44.95. 

Underwood, Larry S., et al,, eds. Com- 
parative Mechanisms of Cold Adap¬ 
tation. Proc. 28th Annual AIRS 
Meeting, East Lansing, MI, 1977.379 
pp. Academic Press. $24. 

Usdin, Earl, & Daniel H. Efron. Psycho¬ 
tropic Drugs and Related Compounds, 
2nd ed. 791 pp. Pergamon Press. $35. 

Von Euler, Curt, & Hugo Lagerkrantz, 
eds. Central Nervous Control Mecha¬ 
nisms in Breathing, Proc. Internet. 
Symp., Wenner-Gren Center, Stock¬ 


holm, 1978.508 pp. Pergamon Press. 

$ 66 , . 

Voorhoeve, A. G. Liberian High Forest 
Trees, 2nd ed. Agricultural Research 
Reports, 652.416 pp. Unipub. $80. 
Waldbott, George L, Fluoridation: The 
Great Dilemma. 423 pp. Lawrence, KS: 
Coronado Press, 1978. $14.95 cloth, 
$7.50 paper. 

Walker, Richard T., Erik De Clercq, Fritz 
Eckstein, eds. Nucleoside Analogues: 
Chemistry, Biology, and Medical Ap¬ 
plications. NATO Advanced Study 
Institutes, Series A: Life Sciences, 26, 
459 pp. Plenum. $39.50. 

Ward, James V., & Jack A. Stanford, eds. 
The Ecology of Regulated Streams. 
Proc. 1st Internat. Symp., Erie, PA, 
1979.398 pp. Plenum. $35. . 

Way, E. Leong, ed. Endogenous and Ex¬ 
ogenous Opiate Agonists and Antago¬ 
nists. Proc. Internat. Narcotic Re¬ 
search Club Conf., North Falmouth, 
MA, 1979. 570 pp. Pergamon Press, 
1980. $60. 

Wilson, David Sloan. The Natural Se¬ 
lection of Populations and Communi¬ 
ties. Series in Evolutionary Biology. 
186 pp. Benjamin/Cummings, 1980. 
$12.95. 

Wilson, Edward O. Sociobiology. The 
Abridged Edition. 366 pp. Harvard 
University Press, 1980. $18.50 cloth, 
$9.95 paper. 

Yates, Aubrey J. Biofeedback and the 
Modification of Behavior. 512 pp. 
Plenum, 1980. $24.50. 

Zakusov, V. V. Pharmacology of Central 
Synapses. Trans. Catherine Matthews. 
234 pp. Pergamon Press. $50. 


Ecology and Environment 


Afgan, B. K., & D. Mackay, eds. Hydro¬ 
carbons and Halogenated Hydrocar¬ 
bons in the Aquatic Environment. 
Environmental Science Research, 16. 
588 pp. Plenum, 1980. $59.50. 

Benefield, Larry D., & Clifford W. 
Randall. Biological Process Design for 
Wastewater Treatment, Series in En¬ 
vironmental Sciences. 526 pp, Pren¬ 
tice-Hall, 1980. $21.95. ' 

Brownlow, Arthur H., ed. Cape Cod En¬ 
vironmental Atlas. 62 pp. Boston: De¬ 
partment of Geology, Boston Univer¬ 
sity, $5 paper. 

Bryant, Jeannette, ed. Conservation Di¬ 
rectory 1980: A List of Organizations, 
Agencies, and Officials Concerned with 
Natural Resource Use and Manage¬ 
ment. 290 pp, Washington, DC: The 
National Wildlife Federation, 1980, $4 
paper. 

Canter, Larry W., & Loren G, Hill. 
Handbook of Variables for Environ¬ 
mental Impact Assessment. 203 pp. 
Ann Arbor Science. $26. 

Directory of Institutions and Individuals 
Active in Environmentally-Sound and 
Appropriate Technologies. UNEP 
Reference Series, 1.152 pp. Pergamon 
Press. $20. 

Fischer, Hugo B., et al. Mixing in Inland 
and Coastal Waters. 483 pp. Academic 
Press. $35, 

Heikoff, Joseph M. Marine and Shore- 


land Resources Management. 214 pp. 
Ann Arbor Science, 1980. $28.95. 

Moran, Joseph M,, Michael D. Morgan, 
James H. Wiersma. Introduction to 
Environmental Science. 658 pp, W. H. 
Freeman, 1980. $16,95. 

National Research Council. Animals as 
Monitors of Environmental Pollu¬ 
tants. Proc. Symp., Univ, of Connecti¬ 
cut, 1979.421 pp. National Academy of 
Sciences. $20.50 paper. 

Nriagu, Jerome 0., ed. Copper in the 
Environment, Part 1: Ecological Cy¬ 
cling. Environmental Science and 
Technology. 522 pp, Wiley-Inter- 
science. $45.95. 

Robinson, J. P, The Effects of Weapons 
on Ecosystems. UNEP Studies, 1,70 
pp. Pergamon Press. $10. 

Sugden, T. M., & T. F. West, eds. Chlo- 
rofluorocarbons in the Environment: 
The Aerosol Controversy. 183 pp. 
Halsted Press. $57.95. 

United Nations Economic Commission 
for Europe. Energy Aspects of Forest 
Industries. Proc, Seminar, Udine, Italy, 
1978.418 pp. Pergamon Press. $54. 

United Nations Economic Commission 
for Europe. Selected Water Problems 
in Islands and Coastal Areas. Proc. 
Seminar, San Anton, Malta, 1978.501 
pp. Pergamon Press. $68. 

United Nations Economic Commission 
for Latin America. Water Management 
and Environment in Latin America. 
Water Development, Supply and 
Management, 12. 327 pp. Pergamon 
Press, $50 cloth, $20 paper. 


Behavioral Sciences 


Aaronson, Doris, & Robert W. Rieber, eds. 
Psycholinguistic Research: Implica¬ 
tions and Applications. 534 pp, 
Halsted Press. $29.95, 

Ashmore, Wendy, ed. Quiriga Reports, 
Vol. 1: Papers 1-5 and Site Map. Uni¬ 
versity Museum Monograph 37.73 pp, 
Philadelphia: University Museum, 
Univ. of Pennsylvania, $12 paper. 

Balfour, Michael, Stonehenge and Its 
Mysteries. 189 pp. Scribner’s. $14,95, 

Bar-Tal, Daniel, & Leonard Saxe, eds. 
Social Psychology: Theory and Re¬ 
search. 384 pp. Halsted Press, 1978. 
$17.95. 

Beliak, Leopold, ed. Disorders of the 
Schizophrenic Syndrome. .629 pp. 
Basic Books, $27,50, 

Bockstoce, John. The Archaeology of 
Cape Nome, Alaska. University Mu¬ 
seum Monograph 38. 132 pp. Phila¬ 
delphia: University Museum, Univ, of 
Pennsylvania. $14 paper. 

Boden, Margaret A. Jean Piaget. 176 pp. 
Viking Press. $11.95, 

Brown, Frank E, Cosa ; The Making of a 
Roman Town. Jerome Lectures, 13th 
Series. 76 pp. University of Michigan 
Press, 1980, $20, , 

Bruyn, Severyn T., & Paula M. Rayman, 
eds. Nonviolent Action and Socid 
Change, , '316 pp. Halsted Press. 
$18.75. 

Burl, Aubrey. Rings of Stone: The Pre¬ 
historic Stone Circles of Britain and 
Ireland. 280 pp. Ticknor & Fields, 
1980.119.95. 


Busse, Ewald W„ & Dan G. Blazer, eds. 
Handbook of Geriatric Psychiatry: 542 
pp. Van Nostrand Reinhold, 1980, 
$34.50. 

Clark, Geoffrey A., ed. The North Burgos 
Archaeological Survey: Bronze and 
Iron Age Archaeology on the Meseta 
del Norte (Province of Burgos, North- 
Central Spain). Anthropological Re¬ 
search Papers, 19.307 pp. Tempe, AZ: 
Arizona State University. $9,50 
paper. 

Crain, William C. Theories of Develop¬ 
ment: Concepts and Applications. 302 
pp. Prentice-Hall, 1980, $14,95. 
Dahlstrom, W. Grant, & Leona Dahl- 
strom, eds. Basic Readings on the 
MMPI: A New Selection on Personal¬ 
ity Measurement, 430 pp. University 
of Minnesota Press, 1980. $27.50. 
Depue, Richard A., ed. The Psychobiol¬ 
ogy of the Depressive Disorders: Im¬ 
plications for the Effects of Stress. 
Personality and Psychopathology, 446 
pp. Academic Press, $29.50. 

Farberow, Norman L,, ed. The Many 
Faces of Suicide: Indirect Self-De¬ 
structive Behavior. 446 pp, McGraw- 
Hill, 1980. $18.95. 

Feuerstein, Reuven. Instrumental En¬ 
richment: An Intervention Program for 
Cognitive Modifiability. 436 pp, Uni¬ 
versity Park Press, 1980, $24,95. 

Fish, Paul Robert, The Interpretive Po¬ 
tential of. Mousterian Debitage. An¬ 
thropological Research Papers, 16.167 
pp. Tempe, AZ: Arizona State Univer¬ 
sity. $7 paper, 

Gibbons, Don E. Applied Hypnosis and 
Hyperempiria. 209 pp, Plenum, 
$18.50, 

Gilmore, David D, The People of the 
Plain: Class and Community in Lower 
Andalusia. 247 pp, Columbia Univer¬ 
sity Press. 1980. $20. 

Graves, Tom, & Janet Hoult, eds. The 
Essential T, C. Lethbridge. 216 pp. 
Routledge & Kegan Paul, 1980, $15. 
Grieger, Russell, & John Boyd, Ratio¬ 
nal-Emotive Therapy: A Skills-Based 
Approach. 287 pp,' Van Nostrand 
Reinhold, 1980. No price given. 

Hansel, C. E, M, ESP and Parapsychol¬ 
ogy: A Critical Reevaluation. 325 pp. 
Prometheus, 1980. $15,95 cloth, $7.95 
paper. 

Hearst, Eliot, ed. The First Century of 
Experimental Psychology. 693 pp. 
Halsted Press. $19.95, 

Henderson, T. Kathleen, & James B, 
Rodgers, Archaeological Investigations 
in the Cave Creek Area, Maricopa 
County, South-Central Arizona, An¬ 
thropological Research Papers, 17, 
Technical Paper 2.198 pp. Tempe, AZ, 
Arizona State University. $8 paper. 
Herron, Jeannine, ed, Neuropsychology 
of Left-handedness. Perspectives in 
Neurolinguistics and Psycholinguistics. 
357 pp. Academic Press, 1980. $24.50. 
Jehu, Derek, Sexual Dysfunction: A Be¬ 
havioural Approach to Causation, 
Assessment, and Treatment. 304 pp. 
Wiley. $44,95. 

Jensen, Arthur R. Bias in Mental Test¬ 
ing. 786 pp. Free Press, 1980, $29.95. 
Jordan, Thomas E. Development in the 
Preschool Years: Birth to Age Fiue. 
Educational Psychology Series. 267 pp. 
Academic Press, 1980. $16,50. 

Krasner, Leonard, ed. Environmental 
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Benign and Human Behavior: A Psy¬ 
chology of the Individual in Society. 
514 pp, Pergamon Press, 1980, No price 
given. 

lunger, Jonas. The Origins of Logic: Six 
to Twelve Months. Developmental 
Psychology Series. 437 pp. Academic 
Press, 1980, $26.50. 

Layton, James R. The Psychology of 
Learning to Read. Educational Psy¬ 
chology Series. 356 pp. Academic Press. 
$21,50. 

Levin, Harry. The Eye-Voice Span. 169 
pp. MIT Press. $15. 

Mahoney, Michael J,, ed. Psychotherapy 
Process: Current Issues, and Future 
Directions. 403 pp, Plenum, 1980, 
$22.50. 

Moorey, P. R, S., ed, The Origins of Civ¬ 
ilization. Wolfson College Lectures, 
1978,165 pp. Oxford University Press, 
$18.95. 

Moroll, Jonathan. Program Evaluation in 
Social Research. 192 pp. Pergamon 
Press. No price given. 

Morris, Larry Wayne. Extroversion and 
Introversion: An Interactional Per¬ 
spective. Series in Clinical and Com¬ 
munity Psychology. 217 pp. Halsted 
Press. $19,95. 

Nesselroade, John R„ & Paul B. Baltes, 
eds. Longitudinal Research in the 
Study of Behavior and Development. 
386 pp, Academic Press. $27.50. 

Nisbett, Richard, & Lee Ross. Human 
Inference: Strategies and Shortcom¬ 
ings of Social Judgment. Century 
Psychology Series, 334 pp. Prentice- 
Hall, 1980. $14.95, 

Nye, Robert D. What is B. F. Skinner 
Really Saying ? A Spectrum Book. 198 
pp. Prentice-Hall. $9.95 cloth, $4.95 
paper, 

Pulliam, H, Ronald, & Christopher Dun- 
ford, Programmed to Learn: An Essay 
on the Evolution of Culture. 138 pp. 
Columbia University Press, 1980. $10. 

Reese, Hayne W„ & Lewis P. Lipsitt, eds, 
Advances in Child Development and 
Behavior, Vol. 14. 343 pp, Academic 
Press. $27.50. 

Rice, Glen, et al, An Archaeological Test 
of Sites in the Gila Butte-Santan Re¬ 
gion, South-Central Arizona. Anthro¬ 
pological Research Papers, 18, Tech¬ 
nical Paper 3.261 pp, Tempe, A Z: Ari¬ 
zona State University, $8.50 paper. 

Robinson, Daniel N, Systems of Modern 
Psychology: A Critical Sketch. 333 pp. 
Columbia University Press, $22,50 
cloth, $10 paper. ' 

Rosenblatt, Jay S„ et al, eds. Advances in 
the Study of Behavior, Vol, 10.314 pp. 
Academic Press. $26,50, 

Scott, William A,, D, Wayne, Osgood, 
Christopher. Peterson. .. Cognitive 
Structure: Theory and Measurement 
of Individual Diffemm, ScHpta Se¬ 
ries in Personality and Social Psychol¬ 
ogy, 252 pp. Halsted Press, $19,95, 

Selye, Hans, ed, Selye's Guide to Stress 
Research, Vol. 1.350 pp. Van Nostrand 
Reinhold, 1980. $22.50. 

Shapiro, Theodore. Clinical Psychol¬ 
inguistics. Cognition and Language: A 
Series in Psycholinguistics. 179 pp. 
Plenum, $22.50, 

Strickland, Lloyd H,, ed, Soviet and 
Western Perspectives in Social Psy¬ 
chology. 336 pp. Pergamon Press. 
$30, 


Tamir, Lois M. Communication and the 
Aging Process: Interaction throughout 
the Life Cycle, 194 pp. Pergamon 
Press, $17.50. 

Teger, Allan I. Too Much Invested'To 
Quit. 148 pp. Pergamon Press, 1980. 
$15. 

IJpham, Steadman, ed. Computer 
Graphics in Archaeology: Statistical 
Cartographic Applications to Spatial 
Analysis in Archaeological Contexts. 
Anthropological Research Papers, 15. 
156 pp. Tempe, AZ: Arizona State 
University. $8,50 paper. 

Upper, Dennis, & Joseph R, Cautela, eds. 
Covert Conditioning. 386 pp, Perga¬ 
mon Press, $30 cloth, $9,50 paper. 


Marshall, Albert W., & Ingram Olkin- I 
Inequalities: Theory of Majarizatiqn I 
and Its Applications. Mathematics in I 
Science and Engineering, 143, 569 pp. I 
Academic Press, $49.50. ! 

Mecham, Merlin J., & Mary Louise Will- } 
brand. Language Disorders in Chil - 1 
dren: A Resource Book for Speech / J 
Language Pathologists. 296 pp. \ 
Charles C Thomas. $22.50. 

Mohanty, Sri Gopal. Lattice Path 
Counting and Applications. Proba¬ 
bility and Mathematical Statistics. 185 
pp, Academic Press. $21. t 

Na, T. Y. Computational Methods in | 
Engineering Boundary Value Proh- | 
lems. Mathematics in Science and I 


Wing, Elizabeth S„ & Antoinette B. 
Brown. Paleonutrition: Method and 
Theory in Prehistoric Foodways. 
Studies in Archaeology. 202 pp, Aca¬ 
demic Press, $16.50, 

Wyer, Robert S„ & Donal E. Carlston, 
eds. Social Cognition, Inference, and 
Attribution. 388 pp. Halsted Press, 
$24.95. 


Mathematics and 
Computer Science 

Bray, Olin H„ & Harvey A, Freeman. 
Data Base Computers. Series in Com¬ 
puter Science. 179 pp. Lexington. 
$1.9,95, 

Bruce, Robert C. Software Debugging for 
Microcomputers. 351 pp. Reston, 1980. 
$18.95 doth, $12.95 paper. 

Burekel, Robert B, An Introduction to 
Classical Complex Analysis, Vol. 1. 
Pure and Applied Mathematics. 570 
pp. Academic Press. $45. 

Coffman, C. V., & G. J. Fix, eds. Con¬ 
structive Approaches to Mathematical 
Models. Proc.Conf., Pittsburgh, 1978. 
458 pp, Academic Press. $45. 

Cohen, Jules A, How to Computerize 
Your Small Business. A Spectrum 
Book. 171 pp. Prentice-Hall, 1980. 
$13.95. 

Demb, Ada, Computer Systems for 
Human Systems, 186 pp. Pergamon 
Press. $30. 

Groza, Vivian Shaw, & Gene Sellers. 
Trigonometry. 494 pp. W. B. Saunders, 
1980. Paper, no price given. 

Gupta, Shanti S., & S. Panchapakesan. 
Multiple Decision Procedures: Theory 
and Methodology of Selecting and 
Ranking Populations. Applied Prob¬ 
ability and Statistics. 573 pp. Wiley. 
$34.50, .' 

Hall, Ernest L. Computer Image Pro¬ 
cessing and Recognition. Computer 
Science and Applied Mathematics. 584 
pp. Academic Press, $29.50, 

Hamming, R. W. Coding and Information 
Theory, 239 pp. Prentice-Hall, 1980. 
$19.95. 

Jain, M. K, Numerical Solutions of Dif¬ 
ferential Equations. 443 pp. Halsted 
Press. $16,95. 

Leventhal, Lance A., & Colin Walsh. Mi¬ 
crocomputer Experimentation with 
the Intel SDK-85. 340 pp. Prentice- 
Hall, 1980, $12.95 paper. 


Engineering, 145. 309 pp. Academic 
Press. $34.50. 

Novak, M., ed. Software for Computer 
Control. Proc. 2nd IFAC/IFIP Symp., 
Prague, 1979.420 pp. Pergamon Press. 

$73; 

Pogorelov, Aleksei Vasil’evich. Hilbert's 
Fourth Program. Trans. Richard A. 
Silverman. Irwin Kra, ed. Scripta Series 
in Mathematics. 197 pp. Halsted Press. 
$16. 

Ribenboim, Paulo. 13 Lectures on Fer¬ 
mat’s Last Theorem. 302 pp. 
Springer-Verlag. $24. 

Roberts, Fred S. Measurement Theory 
with Applications to Decisionmaking, 
Utility, and the Social Sciences. En¬ 
cyclopedia of Mathematics and Its 
Applications, 7.420 pp. Addison-Wes- 
ley. $24.50. 

Sadosky, Cora. Interpolation of Opera¬ 
tors and Singular Integrals: An In¬ 
troduction to Harmonic Analysis. 
Monographs and Textbooks in Pure 
and Applied Mathematics, 53.375 pp. 
Marcel Dekker. $35. 

Salukvadze, M, E. Vector-Valued Opti¬ 
mization Problems in Control Theory. 
Trans. John L. Casti. Mathematics in 
Science and Engineering, 148,219 pp. 
Academic Press. $27.50. 

Sellers, Peter H. Combinatorial Com¬ 
plexes: A Mathematical Theory of 
Algorithms. Mathematics and Its Ap¬ 
plications, 2.184 pp. D. Reidel. $35. 

Seydel, Ken. Geometry: An Exercise in 
Reasoning. 416 pp. W. B. Saunders, 
1980. No price given. 

Smith, J. M. Advanced Analysis with the 
Sharp 5100 Scientific Calculator. 132 
pp. Wiley-Interscience. $6.95 paper. 

Swartzlanaer, Earl E., Jr., ed. Computer j 
Arithmetic. Benchmark Papers in 
Electrical Engineering and Computer 
Science, 21.378 pp. Academic Press, 
1980. $45. 

Tucker, Allen B., Jr. Text Processing- 
Algorithms, Languages, and Applica¬ 
tions. Computer Science and Applied 
Mathematics. 171 pp. Academic Press. 
$16.50. 

Van Oystaeyen, F., ed. Ring Theory. 
Lecture Notes in Pure and Applied 
Mathematics, 51.801 pp. Marcel Dek¬ 
ker. $45 paper. 

Wall, C. T. C., ed. Homological Group 
Theory. London Mathematical Society 
Lecture Note Series, 36.394 pp. Cam¬ 
bridge University Press. $34.50 
paper. 

Wenninger, Magnus J. Spherical Models. 
147 pp. Cambridge University Press. 
$19,95 cloth, $7.95 paper, 

Wiener, Norbert. Collected Works with 
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Commentaries, Vol, 2: Generalized 
Harmonic Analysis and Tauberian 
Theory; Classical Harmonic and 
Complex Analysis. P. Masani, ed. 
Mathematicians of Our Time. 969 pp. 
MIT Press. $50. 

Yovits, Marshall C„ ed. Advances in 
Computers, Vol. 18.308 pp. Academic 
Press. $31. 


Engineering and Applied 
Sciences 

Agoston, George A. Color Theory and Its 
Application in Art and Design. Series 
in Optical Sciences, 19. 137 pp. 
Springer-Verlag. $24.80. 

Ajdis, David F., & Fang S, Lai. Review of 
Literature Related to Engineering 
Aspects of Grain Dust Explosions, 
Miscellaneous Publication 1376.42 pp, 
United States Department of Agricul¬ 
ture. Paper, no charge. 

Auer, Peter, ed. Advances in Energy 
Systems and Technology, Vol. 2.268 
pp. Academic Press. $26. 

BabiCj V. M„ & N. Y. Kirpicnikova. The 
Boundary-Layer Method in Diffrac¬ 
tion Problems. Trans. E, F. Kuester. 
Series in Electrophysics, 3. 140 pp, 
Springer-Verlag. $18.70. 

Bailey, Robert L. Solar-Electrics: Re¬ 
search and Development. 372 pp. Ann 
Arbor Science, 1980. $29.50. 

Bilz, H., & W. Kress. Phonon Dispersion 
Relations in Insulators. Solid-State 
Sciences, 10.241 pp. Springer-Verlag. 
$39 50 

Bcier, Karl W., & Barbara H. Glenn, eds. 
Sun 2, Vols. 1-3. Proc. Silver Jubilee 
Cong., Internat. Solar Energy Society, 
Atlanta, 1979. 2326 pp. Pergamon 
Press. $325 set. 

Braunlich,P. ed, Thermally Stimulated 
Relaxation in Solids. Topics in Applied 
Physics, 37. 331 pp, Springer-Verlag. 
$49.80, 

Brebbia, C, A., P. L. Gould, J. Munro, eds. 
Environmental Forces on Engineering 
Structures. Proc. 1st Internat. Conf., 
Imperial College, London, 1979.564 pp. 
Halsted Press. $57.50. 

Brodsky, M. H., ed. Amorphous Semi¬ 
conductors, Topics in Applied Physics, 
36.337 pp. Springer-Verlag. $49.50. 
Brooks, Charlie R. Heat Treatment of 
Ferrous Alloys. 262 pp. Hemisphere. 
$22.50. 

Butt, John B. Reaction Kinetics and 
Reactor Design. International Series in 
the Physical and Chemical Engineering 
Sciences. 431 pp. Prentice-Hall, 1980. 
$21.95. 

Casti, John. Connectivity, Complexity, 
and Catastrophe in Large-Scale Sys¬ 
tems. IIASA International Series on 
Applied Systems Analysis, 7.203 pp. 
Wiley-Interscience. $34.60. 

Caulfield, H. J. Handbook of Optical 
Holography. 638 pp. Academic Press. 
$55. 

Chaney, J. F., & T. M. Putnam, eds. 
Electronic Properties Research Liter¬ 
ature Retrieval Guide 1972-76, Vols. 
1-4. Unpaged. Plenum. $275 set. 

Chao, Kwang Chu, & Robert L. Robinson, 


Jr., eds. Equations of State in Engi¬ 
neering and Research. Advances in 
Chemistry, 182. 466 pp. American 
Chemical Society. $54, 

Chartrand, Robert L., & James W. Mo- 
rentz, Jr„ eds .Information Technology 
Serving Society. 150 pp. Pergamon 
. Press, $25. 

Chen, Ching Jen, & Wolfgang Rodi. Ver¬ 
tical Turbulent Buoyant Jets: A Re¬ 
view of Experimental Data. HMT, The 
Science and Applications of Heat and 
Mass Transfer, 83 pp. Pergamon Press, 
1980. $24. 

Cheremisinoff, Nicholas P. Wood for 
Energy Production. Energy Technol¬ 
ogy Series, 152 pp, Ann Arbor Science, 
1980420. 

Cherrington, Blake E. Gaseous Elec¬ 
tronics and Gas Lasers. International 
Series in Natural Philosophy, 94. 266 
pp. Pergamon Press, $41. 

Chigier, Norman A., ed. Energy and 
Combustion Science, student ed. 1,325 
pp, Pergamon Press, $30 cloth, $12.50 
paper. 

Crompton, T. R. Additive Migration from 
Plastics into Food, 234 pp. Pergamon 
Press. $47,. 

Cronhjort, B., ed. Real Time Programm¬ 
ing 1978. Proc, IFAC/IFIP Workshop, 
Mariehamn/Aland, Finland, 1978.129 
pp. Pergamon Press, $22.’50, 

Di Ferrante, Elvira, ed. Trace Metals: 
Exposure and Health Effects. Proc. 
Research Seminar, Univ. of Surrey, 
Guildford, 1978. 262 pp, Pergamon 
Press. $30 paper. 

Dixon, A. E., & J. D, Leslie, eds. Solar 
Energy Conversion: An Introductory 
Course. 1312 pp, Pergamon Press. 
$60. 

Dullien, F. A. L. Poms Media: Fluid 
Transport and Pore Structure, 396 pp. 
Academic Press. $42. 

The Electrical Research Association, The 
Engineering of Microprocessor Sys¬ 
tems: Guidelines on System Develop¬ 
ment.’ 175 pp. Pergamon Press. $15 
cloth, $6 paper. 

Eley, D. D,, Herman Pines, Paul B. Weisz, 
eds. Advances in Catalysis, Vol. 28,403 
pp. Academic Press, $42.50, 

Friberg, Stig, ed. Journal of Dispersion 
Science and Technology, Vol 1, No. 1, 
128 pp. Marcel Dekker, 1980. $45 mat, 
$22.50 ind. quarterly subscription. 
Fuchsman, Charles H. Peat: Industrial 
Chemistry and Technology. 279 pp, 
Academic Press, 198Q. $28. 

Gilchrist, J. D. Extraction Metallurgy, 
2nd ed. International Series on Mate¬ 
rials Science and Technology, 30,456 
pp. Pergamon Press, 1980. $16 paper, 
Graneau, Peter. Underground Power 
Transmission: The Science, Technol¬ 
ogy, and Economics of High Voltage 
Cables. 515 pp. Wiley-Interscience. 
$30. 

Granet, Irving. Modem Materials 
Science. 530 pp. Reston, 1980. $19.95. 
Haimes, Yacov Y. Energy Auditing and 
Conservation: Methods. Measure¬ 
ments, and Case Studies. 261 pp. 
Hemisphere, 1980419.95 paper. 

Hanna, D, C,, M. A. Yuraticn, D. Cotter. 
Nonlinear Optics of Free Atoms and 
Molecules. Optical Sciences, 17.351 pp, 
Springer-Verlag. $44. 

Haque, Rizwanul, ed. Dynamics, Expo¬ 
sure and Hazard Assessment of Toxic 


Chemicals. Proc, Symp., Miami Beach, 
1978.496 pp. Ann Arbor Science, 1980, 
$34. 

Harris, D. J., H. Nabb, D. Nuttall. Coal, 
Gas, and Electricity. Reviews of Unit¬ 
ed Kingdom Statistical Sources, 11.297 
pp. Pergamon Press, 1980, £20. 
Haykin, Simon, ed. Array Processing: 
Applications to Radar. Benchmark 
Papers in Electrical Engineering and 
Computer Sciences, 22. 362 pp. Aca¬ 
demic Press, 1980. $45, 

Johnson, D. E,, J. R, Johnson, H. P, 
Moore. A Handbook of Active Filters. 
244 pp, Prentice-Hall, 1980, $15,95, 
Johnson, James Lee, Kinetics of Coal 
Gasification. 324 pp, Wiley-Inter¬ 
science, $23,50. 

Karr, Clarence, Jr., ed. Analytical 
Methods for Coal and Coal Products, 
Vol. 3,641 pp. Academic Press. $55, 
Kelly, R. E., ed. Proceedings of the Eighth 
U.S. National Congress of Applied 
Mechanics. UCLA, 1978,261 pp. North 
Hollywood, CA: Western Periodicals, 
No price given, 

King, William R,, and Gerald Zaltman, 
eds. Marketing Scientific and Tech¬ 
nical Information. Special Studies in 
Information Management. 234 pp, 
Westview Press, $20. 

Konig, E., & S. Kremer, Magnetism Di¬ 
agrams for Transition Metal Ions. 555 
pp. Plenum. $59.50, 

Kreider, Jan F. Medium and High Tem¬ 
perature Solar Processes, ’ Energy 
Science and Engineering: Resources, 
Technology, Management. 346 pp, 
Academic Press. $35. 

Krieger, Morris, et al. Structured Mi¬ 
croprocessor Programming, 230 pp, 
New York: Yourdon Press, $18 paper. 
Love, Sydney F. Planning and Creating 
Successful Engineered Designs. ,260 
pp. Van Nostrand Reinhold, 1980, 
$17,95, 

McGuire, G, E, Auger Electron Spec¬ 
troscopy Reference Manual. Unpaged. 
Plenum. $39.50 paper, 

Marton, L,, & C. Marton, eds, Advances 
in Electronics and Electron Physics, 
Vol, 49.378 pp. Academic Press. $42. 
Messel, H., ed. Energy for Survival, Proc. 
20th Internat. Science School for High 
School Students, Univ. of Sydney, 
Australia, 1979. 440 pp. Pergamon 
Press. $33 cloth, $13.75 paper. 
Metherell, A. E., ed. Acoustical Imaging, 
Vol, 8: Ultrasonic Visualization and 
Characterization. 790 pp. Plenum, 
1980, $59.50. 

Michels, Tim. Solar Energy Utilization. 

253 pp. Van Nostrancl Reinhold. 

; $18.50. 

Moo-Young, Murray, & Grahame J, Far- 
quhar, eds. Waste Treatment and 
Utilization: Theory and Practice of 
Waste Management. Proc. Internat. 
Symp,, Univ. of Waterloo, Ontario, 
1978.565 pp. Pergamon Press. $70, 
Mulik, J, D., & E. Sawicki, eds. Ion 
Chromatographic Analysis of Envi¬ 
ronmental Pollutants, Vol. 2,435 pp, 
Ann Arbor Science. $37.50. 

Murdock, Bruce K. Handbook of Elec¬ 
tronic Design and Analysis Procedures 
Using. Programmable Calculators. 
Electrical/Computer Science and En¬ 
gineering Series. 525 pp. Van Nostrand 
Reinhold, $26.50. 

Nowacki, Perry, ed. Lignite. Technology. 
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Chemical Technology Review, 146; 
Energy Technology Review, fill. 228 pp. 
Noyes Data, 1980. $42, 

Oberman, R. M, M, Digital Circuits for 
Binary Arithmetic. 340 pp. Halsted 
Press. $35. 

Paz, Mario. Structural Dynamics: Theory 
and Computation. Environmental 
Engineering Series. 446 pp. Van Nos¬ 
trand Reinhold, 1980. $29.95. 

Phister, Montgomery, Jr. Data Process¬ 
ing: Technology and Economics, 2nd 
ed. 719 pp. Digital Press and Santa 
Monica Publishing Co. No price 
given. 

Proceedings of the First National School 
on Explosibility of Industrial Dusts, 
Karpacz, Poland, 1978. Trans. Y, 
Pomeranz. 160 pp. Manhattan, KB: 
Department of Chemical Engineering, 
Kansas State University. $15 paper. 
Reay, D. A., & D. B. A. Macmichael. Heat 
Pumps: Design and Applications. 302 
pp, Pergamon Press. $40 cloth, $1.5 
paper. 

Reay, D. A, Heat Recovery Systems: A 
Directory of Equipment and Tech¬ 
niques. 590 pp. Halsted Press, $59.95. 
Scliach, R., K, Garahol, A, M. Helteen, 
Rock Bolting: A Practical Handbook. 
84 pp. Pergamon Press. $11,75, 

Sessler, G. M., ed. Electrets. Topics in 
Applied Physics, 33.404 pp, Springer* 
Verlag, 1980, $64.90, 

Shafer, Wade H., ed. Masters Theses in 
the Pure and Applied Sciences, VoL 
23.292 pp, Plenum, $75. 

Streetman, Ben G. Solid State Electronic 
Devices, 2nd ed, Series in Solid State 
Physical Electronics, 461 pp. Pren¬ 
tice-Hall, 1980. $21,95. 

Stuck!, Peter, ed, Advances in Digital 
Image Processing: Theory, Applica¬ 
tion, Implementation. IBM Research 
Symposia Series, 332 pp. Plenum. 
$37,50. 

Szekely, Julian. Fluid Flow Phenomena 
in Metals Processing, 437 pp, Aca¬ 
demic Press, $47,50, 

Truesdell, C„ & R. G. Muncaster, Rm- 
damentals of Maxwell's Kinetic 
Theory of a Simple Monatomic Gas: 
Treated as a Branch of Rational Me¬ 
chanics. Pure and Applied Mathe¬ 
matics. 593 pp; Academic Press, 1980. 
$54. 

United States Economic Commission for 
Europe, The Gas Situation in the ECE 
Region Around the Year 1990. Proc. 
Internet. Symp., Evian, France, 1978, 
373 pp. Pergamon Press, $60, 
Veziroglu, T. Nejat, & Walter Soifritz, 
eds. Hydrogen Energy System, Vote, 
14), Proc. 2nd World Hydrogen Energy 
Conf„ Zurich, 1978,2876 pp, Pergamon 
Press, $300 set. 

Westerberg, A, W,, et al. Process'Flow- 
sheeting. 261 pp. Cambridge Univer¬ 
sity Press. $27.50, 

Wilson, David, The Colder the Better. 

272 pp. Atheneum. $9.95, 

Wise, Alan F, E, Water, Sanitary and 
Waste Services for Buildings. 156 pp. 
Halsted Press. $1,9,95 paper. 
Yavarbaum, L. H., ed, Synthetic Gems 
Production Techniques, Chemical 
Technology Review, 149.352 pp, Noyes 
Data, 1980, $39. 


Yih, Chia-Shun, cd, Advances in Applied 
Mechanics, Vol. 19.324 pp. Academic 
Press. $35, 


History and Philosophy of 
Science 

Biographical Memoirs of Fellows of the 
Royal Society, Vol, 25.573 pp. London; 
The Royal Society. £26.90. 

Daumas, Maurice, ed. A History of 
Technology and Invention: Progress 
Through the Ages , Vol. 3: The Ex¬ 
pansion of Mechanization 1725-1860. 
Trans. Eileen B, Hennessy. 758 pp. 
Crown. $30. 

De Finis, Francesco, ed. Relativity, 
Quanta, and Cosmology in the Devel¬ 
opment of the Scientific Thought of 
Albert Einstein, Vols. 1 & 2. 825 pp. 
New York: Johnson Reprint. No price 
given, 

Del Besto, Steven L, Science, Politics, and 
Controversy; Civilian Nuclear Power 
in the United States, 1946-1971, Spe¬ 
cial Studies in Science, Technology, 
and Public Policy, 259 pp. Westview 
Press. $17. 

Estes, J. Worth, Hall Jackson and the 
Purple Foxglove: Medical Practice and 
Research in Revolutionary America 


1760-1820. 291 pp. University Press of 
New England. $15. 

Gibson, Weldon B. SRI: The Founding \ 
Years. 212 pp. William Kaufmann, j. 
1980, No price given. 

Hunter, Louis C. A History of Industrial j 
Power in the United States, 1780-1930, j 
Vol. 1: Waterpower in the Century of j 
the Steam Engine. 606 pp. University | 
Press of Virginia. $24.95. 

Plimpton, Pauline Ames, ed. Oakes Ames: i. 
Jottings of a Harvard Botanist. 401 pp. 
Harvard University Press. $12.95. 

Reingold, Nathan, ed. The Papers of Jo- f 
seph Henry, Vol. 3: The Princeton [ 
Years January 1836-December 1837. j 
585 pp. Smithsonian Institution Press. I 
$30. j. 

Reingold, Nathan, ed. The Sciences in the j 
American Context: New Perspectives, j 
399 pp. Smithsonian Institution Press. I 
$17.50. 

Stewart, Robert E. Seven Decades That 
Changed America: A History of the 
American Society of Agricultural En¬ 
gineers 1907-77. St. Joseph, MI: 
American Society of Agricultural En¬ 
gineers, 432 pp. $19.95. 

Swenson, Loyd S., Jr. Genesis of Rela¬ 
tivity: Einstein in Context. Studies in 
the History of Science, 5.266 pp. Burt 
Franklin, $21. 

Trescott, Martha Moore, ed. Dynamos 
and Virgins Revisited: Women and 
Technological Change in History. 280 ; 
pp. Scarecrow Press. $14. 
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Would you pay twice as 
much for the family 
protection you need when 
you could get the same 
coverage at half the cost? 

Not likely, if you realized you were eligible for low-cost individual life insurance from 
Teachers Insurance and Annuity Association! The brief cost comparison chart below illus¬ 
trates why it pays to shop for life insurance, and the magnitude of your TIAA cost advan¬ 
tage. Check to see how much less owners of TIAA 5-Year Renewable Term policies pay 
than persons similarly insured by the country’s biggest insurers—companies that sell one 
third of the policies purchased by Americans each year. 

~ COMPARISON OF TIAA WITH THE 10 LARGEST U.S. INSURANCE COMPANIES 

20-Year Average Annual Costs* for $50,000 5-Year Renewable Term Policies 


Policies Issued to Men 


Policies Issued to Women 



Aged 25 

Aged 35 

Aged 45 

Aged 25 

Aged 35 

Aged 45 

TIAA 

$ 91.00 

$189.50 

$445.00 

$ 73.00 

$126.00 

$281.50 

Aetna Life 

214.50 

344.00 

793,50 

209.00 

295.50 

629.50 

Conn. General 

NOT ISSUED 



NOT ISSUED 

Equitable 

183.00 

334.00 

747.00 

154.50 

275.50 

585.00 

John Hancock 

203.50 

326.00 

723.50 

193.50 

291.50 

637.50 

Mass. Mutual 

182.50 

310.50 

732.50 

171.50 

286.50 

697.00 

Metropolitan 

119.00 

225.50 

584.50 

103,50 

177.50 

469.00 

New York Life 

171.50 

290.00 

624,00 

156.00 

236.50 

465.00 

Northwestern Mutual 

154.00 

277.00 

628.50 

137.00 

242.50 

545.00 

Prudential 

150.50 

239.00 

552.00 

130.00 

179.50 

336.00 

Travelers 

198.50 

352.50 

801,00 

181.50 

275.50 

589.50 

Mean Cost, 

Largest Companies 

% Greater than TIAA 

$175,22 

93% 

$299.83 

58% 

$687.39 

54% 

$159.61 

119% 

$251.17 

99% 

$550.39 

96% 


‘Based on published 1979 premium rates and dividend scales (dividends not guaranteed), adjusted for interest (5%) 
to recognize the time value of money. (Sources: Diamond Life Bulletins, Best’s Flitcraft Compend) 

The figures speak for themselves: For example, the mean cost for $50,000 5-Year Renew¬ 
able Term policies issued by these insurers to men aged 35 is 58% higher than the same 
coverage with TIAA; and for 35-year-old women it’s 99% higher . Whether you choose 5-Year 
Renewable Term or some other plan, TIAA insurance is the best buy for you because you 
are a member of the academic and research community. To learn how you can give your 
family the most new protection for the least money just get in touch with TIAA! 

Mail Coupon or Call Collect Life Insurance Advisory Center M05V2 j 

Fo r more information, just return the coupon at right or, lor J« fl0 T h «[* L~ 0 L a ?. d v A l nu i!^!l!tSS ia,lon . ... 

immediate ass',tanoe of*. WUlf, Insurance m m. - 

SOry Center—collect—(212) 490-9000 An insurance Illustrations for the policies Indicated below. I understand 

counselor will discuss your personal life Insurance needs, that no one win can upon me as a result inquiry, 

help you select the plan and amount of coverage that's n DflcreflalnflTerm □ s ‘ YBar Renewable Term □ Whole Life 

right for you and your family, and send details for you to (Plea8e prlnt) 

study at home. TIAA employs no sales agents and no one «■! 4 : .4: 

will call upon you as a resplt of ypur Inquiry. Name 

t JobTitB BTFtFditi 

LUgwiUty to apply for life, insurance from Teachers| ||^^ ——.— - - 

Insurance and Annuity Association Is limited to employ- :, __ 

ees of colleges, universities, private schools and certain p[ 0 y n9 #8( , ***?^ 

other nonprofit educational or research institutions. The; - - office-'— 

employee's spouse is also eligible provided more than 

half of the combined earned income Of husband and Wife Your nonprofit educational or scientific employer (college, 
is from a qualifying institution, un,ver.it y , private school, etc,) 


City Stele " 1./ Zip. J 

phone #8 ( )_( )_ 

Home Office 

. Your nonprofit educational or scientific employer (college, 
university, private school, etc,) 


Established as a 
Carnegie Found! 


at left, please provide: 
Spouse's name__ 












This is what lasers 
cut best 


*! 




Costs - manufacturing costs. 

Western Electric has many 
lasers at work. 

And all are focused on one 
objective: helping the Bell System 
bring you the best possible 
telecommunications service at the 
lowest possible cost. 

Lightingtheway 

Western Electric gave the 
laser its first application in industry, 
In 1965, scientists at our Engineer¬ 
ing Research Center designed a 
laser operation that vaporized holes 
through the diamonds used as dies 
for drawing copper wire. It turned 
a five-day drillingjob into a 90-second 
flash. 

It may sound simple, but it 
wasn’t, There’s much mote to work¬ 
ing a laser than "ready.,. aim... fire” 
Years of exhaustive research pre¬ 
ceded that first laser-drilled diamond. 


Every kind of laser reacts 
differently with different materials. 

A material that’s transparent to 
natural light may be opaque to laser 
light, and vice versa. A laser that 
bums through one substance may 
have absolutely no effect on another. 

Makings laser an industrial 
tool requires a host of experiments 
to determine not only which laser 
is best for the job, but how best to 
adapt it to the production process. 

Spectrum of questions 

Complex questions of physics, 
chemistry, metallurgy, electronics 
and mechanical engineering must 
be answered and coordinated. 

That’s why there’s a full-time 
laser studies group at our Engineer¬ 
ing Research Center. It’s the reason 
that Western Electric now uses 
lasers not only in drilling, but also 
in many other operations, / 


And these laser* are puyingdfl 
with better products mamifiitniiedl 
for the Bell System at kiwmuM*. 1 

Lig ht of the future 

Even with the.-* Shun"] 
Electric has only ix*gtm tofaptk 3 
laser’s potential for telemiiiiiuiik 1 
cations. 

More applications an*iniiltt* 1 
way. And they will bring nxtrcsav- 1 
mgs, more and better piodtii isum 
with laser technology. 

.Using lasers to cm mis is just 1 
one innovation from the KiigiiKrtira 

Research Center, The* Centers 1 

research in manufacttiring tech* 1 

rupues is an important pamil 1 
* emLIectnc'stoui amm 1 

in technology to keep iht* „»! uf 1 

jwphoneaervtedtw,. 1 

a your comm im dm 1 
i\ systm the k*st in tln'wrli 1 
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Run Rhino, Run- 
Extinction is forever 

The Rhinoceros is threatened by immediate extinction. 
The World Wildlife Fund urgently needsfunds to saue it 


T HE RHINO’S PROBLEM is its 
horn. Smugglers sell it for 
$300 an ounce - almost ten times' 
the price of silver, The poachers 
kill the Rhino just to get its horn. 

In Asia, powdered Rhino horn is 
believed to be an aphrodisiac— 
which it isn’t. In the Middle East, 
North Yemeni tribesmen carve the 
horn into decorativedaggerhandles. 

As a result, the total population 
of the rare Northern White Rhinoc¬ 
eros of Africa has been reduced to 
less than two hundred and fifty. 

In East Africa, illegal slaughter of 
the Black Rhino has reduced the 


population by 90 percent over the 
past five years. 

In the Ngorongoro Crater in 
Tanzania, there were seventy-six 
Black Rhinos one year ago. Today 
there are less than twenty-six, 

In Kenya’s Meru National Park, 
more than a hundred Rhinos were 
poached in the past eighteen 
months. 

In Asia, less than two hundred 
and fifty Sumatran Rhinos survive. 
The population of the Javan Rhino 
is down to fifty. 

The situation is critical. 

The World Wildlife Fund is coor¬ 


dinating an urgent campaign to 
save all species of Rhino from total 
extinction, 

Fifty-nine nations have agreed 
not to trade in Rhino horn and the 
Governments of Kenya and Hong 
Kong have announced a crash ef¬ 
fort to stop the trade. But stricter 
measures are needed: 

1. Vulnerable Rhinos must be re¬ 
moved to sanctuaries. 

2. More people and better equip¬ 
ment are urgently needed to stop 
poachers. 

3. Ways must be found to stop the 
illegal trade, and to reduce the 
demand for Rhino horn. Efforts 
will be made to persuade other 
governments to follow the lead of 
Hong Kong and Kenya. 

Your contribution is urgently needed 
to help finance Operation Rhinoc¬ 
eros and other projects. Send your 
donation to World Wildlife 
Fund-US,, Dept, R, 1601 (Cm A 
Connecticut Avenue, N.W, 
Washington, D.C 20009, 

Thank you. 
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A new low sn electron microscopy. 


150X with 
high resolution. 

Now with the Zeiss EM-109 you 
can scan at familiar light-micro¬ 
scope magnifications, then by just 
turning a switch go immediately to 
3000X or even 250.000X. Resolu¬ 
tion at 150X is 200A; at high mag¬ 
nifications, 3.44A. The quality is 
such that photographs can be 
enlarged many times, or 35mm 
slides can be projected without 
distortion or loss of quality. 


The easy and efficient 
Specimen Saver. 

Zeiss' patented system with new 
high quality electron optics lets 
you achieve low magnifications 
without burning your specimen, 
MDF Micro-Dose-Focusing makes 
focusing easier than ever, TFP 
Trans-Fiberoptic-Photography lets 
you change film outside the vac¬ 
uum. IGP lon-Getter-Pumping 
keeps EM-109 uitraclean.always 
ready, Nationwide service. 


The great name in optics 


ZEISS 


West Germany 


Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018(212)730-4400. Branches: Atlanta, Boston Chicago, Houston Los Angeles, 
San .Francisco, Washington, D,C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6, Or call (416) 449-4660. 
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A Message from the President w, j! cunnTngham Brian J. Skinner 

mi , , . , , x . ± RichardG.Harrison PeterP.Wegener 

i he year ahead promises to be a most important year of transition for Sigma William Kessen 

Xi, As we initiate planning for the Society’s 100th anniversary—just a few Consulting Editors 

years away—more immediate changes are scheduled for consideration and M. f. I. Cronin Allan R. Sandage 

action. Most significant is the recently announced search for a new Executive & E, Hutchinson Harry L, Shapiro 

Director to succeed Tom Holme in 1981, Nominations are now being received j? r r'p* n t A ^ ong ^ ®“deman 

and the Search Committee, headed by Caryl Haskins, has begun its work. a erson 

As our attention is focused on that selection process, we will be mindful of the Publications Committee 
tremendous accomplishments of our retiring friend and longtime executive Caryl P. Haskins, Chairman 
head of Sigma Xi. During Tom Holme’s 27 years at the helm, the Society has Herbert S. Bailey, Jr. 
vastly expanded both the size and the scope of its activities. Josephn^lfunS 6 JanTv Okm *^ 

In recognition of Tom’s dedication to Sigma Xi and his achievements on the The Editors of American Scientist do not 
Society’s behalf, the officers and board members initiated an endowment fund accept responsibility for or necessarily 
“for the health of the Society,” Tom’s well-known phrase and his constant views expressed in the ar- 

objective. Our immediate aim was to have in hand a minimum of $10 000 in cS"p“b% tSatfnfthal 
cash and pledges from this relatively small group of national leaders. The goal articles meet the highest standards of 
was surpassed last month. scientific accuracy and rigor. 


Now, with the Board’s approval, the entire membership of Sigma Xi is invited 
to show its appreciation to our retiring Executive Director by making a small 
contribution to the Thomas T. Holme Endowment Fund. Nothing could serve 
to indicate to Tom how much we are all indebted to him than widespread 
participation by Sigma Xi members: many small contributions will mean much 
more to him than would large contributions from only a few members, Income 
from the fund’s investments is to be used for such activities as improvements 
in the Society’s publication, American Scientist , enlargement of Grants-in-Aid 
of Research, expansion of the Sigma Xi Lectureships, further assistance to 
the Science and Society Committee’s work, and other opportunities for sus¬ 
taining the health of the Society. 

More specific instructions will be available later for those desiring to partic¬ 
ipate, but there is no need to await them. Those who wish to express their 
appreciation are encouraged to do so now. Checks should be sent to: Thomas 
T. Holme Endowment Fund, 345 Whitney Avenue, New Haven, CT 06511. 
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Rice terraces cover a hillside at Malig Kong, near Bontoc 
in the Philippines. See the article by L. T. Evans, p. 388. 
(Photo courtesy of Steven Hershey.) 



If you could talk to Orville Wright, he'd 
tell you the problems he faced as a turn- 
of-the-century engineer. You could tell him 
all about the technological solutions 
available to today’s engineer and scientist.,, 
particularly a 20th century phenomenon 
that tests assumptions and defines models 
before a project gets off the ground. 

The Apple personal computer, 

Computation, calculation, 
atiafysis...the power to 
pilot your projects. 

With a highly-integrated system from 
the extensive Apple personal computer 
family, Orville and brother Wilbur would 
have increased their productivity, Perhaps 
even launched the Kitty Hawk Flyer well 
before 1903- 

An Apple in their hangar would have 
freed them from the time and tedium of 
crunching numbers by hand. 

An Apple in your lab or office will give 
you the problem-solving capabilities you 
demand from a big computer...without 
the time-consuming problems typical of 
remote processing. 

But the Apple system solution doesn’t 
stop there. It keeps on soaring with proven 
performance, power and expandability 


your own 
m programs, the 
Apple also speaks 



I than FORTRAN: Pascal, 
t BASIC, PILOT and 6502 
f assembly language. 

Where to team 
more about Apple, 
the small-yet- 
# serious 


100 companies also supply peripherals for 
Apple because Apple is the most popular 
personal computer with the least com¬ 
plicated interface. 

Want an efficient system of data storage 
and access? Apple’s 5 V 4 " disk drive not 
only offers you increased application 
versatility, but high density (143K bytes), 
high speed and low cost. You can even add 
up to four or more drives to your 
Apple system, With JBjk. , J 
proven reliability, 1 

no wonder it’s the 
most popular drive 
on the market today. 


Wilbur determined that birds didn't have to constantly flap 
their wings to fly. With an Apple, he could’ve determined the ’ , 

fixed-wing design of the Kitty Hawk Flyer much faster. de ,e rm ine alternative 

parts selection, Learn why Apple emerges 

to design a 20th century |; ourpi . oducti ; y , 

flying machine. Let the Apple dealer show you how, 

Fluent in the same language that helped by putting the system of your choice 

to design the 747, Apple FORTRAN lets you through Its paces. He’ll tell you about our 

tackle differential equations at the touch of extended warrant)', support and service, 

a key, And since more the 170 companies And he’ll prove that a personal computer 


their wings to fly. With an Apple, he could’ve determined the 
fixed-wing design of the Kitty Hawk Flyer much faster. 


FORTRAN that helped 
to design a 20th century 
flying machine. 


also offer software for the Apple family, 
you can have one of the most impressive 
program libraries ever,,.including vast 
subroutine libraries for math, science, 
engineering and statistics, When you write 


is not just a flight of fancy but a serious 
solution. Don’t let history pass you by. 
Visit your nearest Apple dealer, or call 
800-538-9696. In California, 
800-662-9238, 


airfoil, given its parameters. 

that’s unparalleled for analyzing alterna¬ 
tive paths of design and modeling a 
wide variety of physical processes. 

Want more memory? Depending on 
your choice of system, Apple has memory 
expandable to 64K bytes or 128K bytes, 
Prefer wide displays? Choose 40 or 80 
characters. Need to control instruments 


jcipple computer 
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bring outer space into your home or office 

color SPACEP ho<os 



3'x2' FUU COLOR NASA SPACE PHOTOS 

NASA’s Most Beautiful Scenes from Space now available 
as large, titled, Full-Color Prints, Bring your home and 
office Into the space age with these striking "windows 
on space," Available unframed, or quality framed with 
color coordinated mat, silver chrome frame, and non- 
glare glass, Order Yours Today! 

FRAMED UNFRAMED 

rg&A $7995 $1995 each 

plus $6.00 postage P' u » *3.05 postage 

Qbodsfodi 


Yes, rush me the.- ... NASA prints I've 

checked below, SATISFACTION GUARANTEED. 


• "FUU EARTH” □ 179,95«) □ $19.95I34"«22"l 

< “EARTH RISE” 1] 79,95 (»> □ 19.95 W *221 

■ "MARTIAN 5UNSEt" C 79.95 Wl □ 19.95134WI 

• uflM, IIIPITER" n 79.95 M’> L3 I9.95»x2n 

PLUS POSTAGE $8,1)0 $3,05 

PAYMENT ENCLOSED $--------— 

(plus postage! Calif. midinli add 6% Satis fa» 

□H/iP— -— 

OR CALL / 1 -BQD-82d-7BB8, Op, f;402 

TOLL free/ In Calif. 1-800-B52-7777, Op, #462 


TOLL FREE/ ^ur. 

WOODSTOCK PRODUCTS 


P,0. Box 4087, Dept, AS 
Beverly Hills, CA 90213 


LOOKING FOR ADVENTURE? 
Come to Botswana on a 
trail of discovery! 

Botswana has one of the lowest population 
densities in Africa. Vast areas of its environment 
are virtually untouched by man. Approximately 
17 percent of the counliy'a area is devoted to 
wildlife In national parks and game reserves, 
You are therefore sure of exploring the world of 
animals and birds in their most natural habifat. 
This includes the scenery of the limpid, lily- 
spangled expanse of the Okavango delta and 
also the dry, harshly beautiful Kalahari, Yes, it is 
expensive lo come here; hut you can have an ex¬ 
clusiveness not possible in more commercialized 
countries of Africa, 

Accommodations are not luxurious bul quite 
welcoming lo (lie more adventurous. Let’s be 
honest, our roads and oilier communications are 
not good, our airports are small. You will not gel 
a computerized guided tour—but you will find 
adventure! 

Write to us for more information: 

Department ofWildlife, 

National Parks fi» Tourism 
P.O.Box 131 

Gaborone, Botswana, (Africa) 


Letters to the Editors 


Modeling space 

To the Editors: 

The superb article by Saunders 
Mac Lane, “Mathematical Models of 
Space” {Am. Sci. 68:184-91, March 
1980), had, I believe, a minor flaw. 
Figure 3 illustrated the proof of the 
Pythagorean theorem. The text said: 
“One may fit four congruent right 
triangles and a small square all inside 
a larger square, as in Figure 3. A cal¬ 
culation of the total area will then 
give the theorem.” 



Not readily. But if Figure 3 [re¬ 
drawn below] were drawn differently, 
the theorem would follow from the 
area of a square (c + b ) 2 and of a 
triangle ab/2, by “geometric intu¬ 
ition,” 


b a 



John Dwyer 
Kwajalein 
Marshall Islands 


To the Editors: 

I enjoyed Saunders Mac Lane’s 
clear exposition of “Mathematical 
Models of Space.” There is, however, 
one oversight that could cause con¬ 
fusion. One of Professor Mac Lane’s 
two examples of distance between 
points p and q is that of special rela¬ 
tivity: 

4(M) = [(*''*) 2 +(y , -y) 1! 

+ («'-«p-cNt'-tPP ; 

But this “distance” does not satisfy 
the first and third distance function 
postulates that he gives in the fol- \ 
lowing paragraph. For example, i 
d ( p,q ) is zero for distinct points con¬ 
nected by a light signal and is imagi¬ 
nary for two points that have the 
same x, y, z coordinates but differ 
only in the time t. Also, it is easily 
verified that the triangle inequality 
does not hold. Thus the space of spe¬ 
cial and general relativity has none of 
the properties of distance we asso- \- 
ciate with Euclidean space. § 

Thomas A. Weber 

Department of Physics 

Iowa State University 

Ames, IA L; 


Dr. Mac Lane replies: 

Professor Weber is correct in ob¬ 
serving that the distance formula for 
special relativity (the Minkowski 
metric) gives a distance which does 
not satisfy the axiom I cited for dis¬ 
tance in a metric space, I should have | 
observed this deviation and had 
rather meant to include the observa- r 
tion that, currently in differential 
geometry, many deeper theorems I 
about the metric on Riemannian | 
manifolds (which does satisfy the J 
distance axioms) have been extended I 
to Minkowski metrics, as in papers by 1 
Karen Uhlenbeck and in a recent I 


Chicago Ph.D. thesis by Steven 
Harris. 

On the question raised by John 
Dwyer, both proofs about areas are 
correct. The one illustrated by Figure 
3 of the article depends on the equa¬ 
tion c 2 = 2 ab + (a - 5) 2 The one 
suggested by Dwyer uses the equation 
c 2 4- 2 ab = {a + b) 2 . 


Views of the vacuum 

To the Editors: 

The article “Is the Vacuum Really 
Empty?” by Walter Greiner and Jo¬ 
seph Hamilton (Am. Sci. 68:154-64, 
March 1980), is certainly interesting; 
however, one detail of a historic na¬ 
ture might be debatable. The authors 
state: “This experiment [Michelson- 
Morley] became the decisive experi¬ 
mental basis for Einstein’s theory of 
special relativity, put forward in 
1905.” Einstein’s paper of that year 
entitled “Zur Elektrodynamik be- 
wegter Korper” (available in English 
translation in a Dover edition entitled 
“The Principle of Relativity”) men¬ 
tions Herz and Maxwell but not Mi- 
chelson or Morley. The first several 
pages of this paper are largely 
kinematical in approach and em¬ 
phasis and do not appeal to the re¬ 
sults of experimental research. Thus 
it is difficult to see how the authors 
arrive at their idea that the Michel- 
son-Morley experiment “became the 
decisive experimental basis for Ein¬ 
stein’s theory of special relativity, put 
forward in 1905.” 

Jared Haslett 
Department of Physics 
University of Illinois at Chicago 
Circle 


To the Editors: 

The fascinating article “Is the 
Vacuum Really Empty?” makes little 
reference to “ether” other than to 
imply that Michelson-Morley dis¬ 
proved its existence, but, since their 
“vacuum” emerges as a plenum, it is 
clear that a modernized ether is their 
topic. Putting myself in the frame of 
mind of a nineteenth-century ether 
physicist, I encounter several basic 
questions concerning the physical 
nature of the new ether. 

To begin with, the vacuum models 
illustrated in Figures 1 and 3 of the 
article are physically completely dif¬ 


ferent. In Figure 1 is shown the “Dirac 
sea” of negative-energy electrons, 
wherein positive-energy positrons are 
nonparticles or “holes.” In Figure 3 
are shown two superposed seas, one of 
negative-energy electrons, the other 
of positive-energy positrons, both 
particle types being conceived as real 
and different. This latter model 
seems to be the one favored by mod¬ 
em physicists. Let me call the two 
models the “original Dirac” (OD) and 
“modern physicist” (MP) models, 
respectively. 

We notice, first, that OD fills space 
just once with one kind of “particle,” 
whereas MP fills space twice, once 
with electrons, then with positrons. 
The reason given is that the OD ether 
“has infinite total charge and total 
mass.” In a later era, physicists be¬ 
came accustomed to infinite renor¬ 
malizations and would have taken 
this in stride, but, apparently, around 
the time Dirac proposed his model 
other physicists felt there was a 
problem from which they needed a 
“way out,” as Greiner and Hamilton 
put it. So these other physicists pos¬ 
tulated a double physical infinitude 
of mass and charge occupying the 
vacuum in order to cancel the math¬ 
ematical infinitudes of “mass” and 
“charge.” 

It would appear that in this trans¬ 
action misery was conserved, even 
mathematically, because according to 
Greiner and Hamilton an infinite 
energy renormalization was still 
needed. Thus the net accomplish¬ 
ment from taking this “way out” was 
an extra postulate that doubled the 
physical complexity of the vacuum. 
Score one logical-economy point for 
OD. 

The next thing we notice is that the 
OD ether accounts for apparent 
“creation/annihilation” of particles 
by simple changes of state of electrons 
in conformity with Correspondence- 
related equations of motion describ¬ 
ing permanently existing particles 
(electrons); whereas the MP ether 
introduces a creation/annihilation 
postulate—with new mathematical 
operators not derived from mechan¬ 
ical equations of motion and with 
particles popping into and out of 
“existence,” to the delight of ontolo- 
gists and amazement of epistemolo- 
gists. Thus, MP jettisons Corre¬ 
spondence and introduces a newly 
postulated physical process. Score 
two more logical-economy points for 
OD. 



This $398 
thermometer 
remembers and 
calculates. 

You push one button to display 
rate of temperature change. Push 
another to read the maximum so far 
-or to recall the minimum. Yet 
another to capture transient peaks 
or valleys. Imagine how these 
readings can simplify temperature 
. monitoring-often eliminating 
need for a recorder or data logger. 

Our hand-held DPT-600 measures 
with .05% instrument accuracy 
over a range of ~192°Cto +407°C- 
and reads out in °C, °F and °K. 

This unprecedented accuracy is 
achieved by linearizing the sensor 
input with a single-chip micro¬ 
computer-the component that also 
makes so many functions possible 
at remarkably low cost.. 

Powered by ordinary AA cells 
or an optional AC adapter, this 
instrument weighs only 18 ounces. 
The case is shielded against EMI 
or "noise!' An on-board I/O inter¬ 
face allows easy connection to 
peripherals. 

The DPT-600 works with standard 
DIN 100-ohm platinum RTD 
sensors. We offer a complete line 
of sensing probes for liquid, gas, 
piercing and surface measurements. 
Custom probe configurations 
are available. 

For details on how the DPT-600 
can solve your temperature problems 
contact us nowto get a fact-packed 
4-page brochure. Caspar Integrated 
Systems, 541 South Franklin St„ 

Fort Bragg, Calif. 95437, 

Phone 

(707)964-4109 

^/CASPAR" 
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The use of high strength, low alb/ steel has been severely 
limited, due to its low ductility. Now, a simple heat treating 
and controlled cooling process, devebped at the General 
Motors Research Laboratories, has successfully enhanced 
formability properties without sacrificing strength. 


Stress-Strain, GM 980X 



A comparison of the stress-strain behavior of GM 
980X, SAE980X, and SAE950Xsteels, GM 
980X offers greater ductility at the same strength 
as SAL 980X, and greater strength at the same 
du ctility as SAEW. 

Scanning electron microscope micrograph of 
dual phase steel ala magnification of2,09(1 The 
matrix (background.) is ferrite; the second phase 
is martensite, 


JL.OR SOME TIME, automotive 
engineers and designers have been 
faced with the challenge of building 
cars light enough to get good gas 
mileage, but still roomy enough to 
comfortably transport four or five 
passengers. One technique which 
has proved fruitful is materials 
substitution. 

Lighter materials, such as alu¬ 
minum alloys and plastics and high 
strength, lowalloy steels (HSLA), are 
being phased into new vehicle de¬ 
signs to replace certain plain carbon 
steel components, Each, though, has 
displayed inherent problems which 
limit its utilization. 

Unlike plastics and aluminum, 
however, HSLA steels have the same 
density as plain carbon steel. Weight 
reduction is achieved because thin¬ 
ner sections (less volume) can be 
used to carry the same load. Since 
the formability (ductility) of most 
high strength steels is poor, though, 


it has only been possible to form 
simple shapes from it. This has se¬ 
verely limited the widespread use of 
HSLA steels (such as SAE 980X) for 
auto components, New hope for the 
increased utilization of HSLA steel 
has arisen, however, with the devel¬ 
opment of a new dual-phase steel, 
GM 980X, at the General Motors Re¬ 
search Laboratories, 

General Motors is not in the ' 
steel business, and GM 980X is not a 
brand of steel. GM 980X is the desig¬ 
nation for a type of steel displaying 
mechanical properties similar to 
those of the samples first formulated 
at the General Motors Research Lab- j 
oratories. "GM" in the designation | 
indicates that the steel is a variation 
of the conventional SAE 980X grade. 
In the standard SAE system for ma¬ 
terial identification, "9” designates 
that the steel is HSLA, "80” is the 
nominal yield strength of the metal 
in thousands of pounds per square 
inch. The "X" denotes a micro-al¬ 
loyed steel-one containing on the 
order of 0.1% of other metals such as 
vanadium, columbium, titanium, or 
zirconium as a strengthening agent. 

GM 980X displays the same 
strength, after strain hardening, as 
SAE 980X steel, but has far more 
ductility,This characteristic allows it 
to be formed into various complex 
shapes which were previously 
thought to be impossible with HSLA : 
steels, The superior formability of 
GM 980X has substantialiy in¬ 
creased the utilization of HSLA steel 
in the manufacturing of automotive 
components such as wheel discs and 
rims, bumper face bars and rein¬ 
forcements, control arms, and steer¬ 
ingcoupling reinforcements. 

Dr. M.S. Rashid, discoverer of 


the technique to make GM 980X 
steel, comments, "I was working on 
another project using HSLA steel, 
when I noticed that if SAE 980X steel 
is heated above its eutectoid temper¬ 
ature (the temperature at which the 
crystalline structure of metal is 
transformed) for a few minutes, and 
cooled under controlled conditions, 
the steel developed significantly 
higher ductility and strain-hardening 
characteristics, with no reduction 
in tensile strength.” 


JLuRTHER experiments proved 
that the key variables to make GM 
980X are steel chemistry, heating 
time and temperature, and the rate at 
which the steel is cooled. Specimens 
of SAE 980X were heated in a neutral 
salt bath, then cooled to room tem¬ 
perature with cooling rates ranging 
from 5° to 14°C/sec. (9° to 26°F/ 
sec.). Dr. Rashid notes, "We found 
that the maximum total elongation 
resulted when the cooling rate was 
9°C/sec. (16°F), and the lowest total 
elongation resulted from the highest 
cooling rate (14°C or 26°F/sec.)." 

GM 980X steel has a high 
strain-hardening coefficient or n 
value, accompanied by a large total 
elongation. The n value gives a 
measure of the ability of the metal to 
distribute strain. The higher the n 
value, the more uniform the strain 
distribution and the greater the re¬ 
sistance of the metal to necking (lo¬ 
calized hour-glass-shaped thinning 
that stretched metals display just 
prior to breaking). Tests have proved 
that GM 980X distributes strain 
more uniformly than SAE 980X, has 
a greater resistance to necking, and 


thus has far superior formability. 

"The superior formability of 
GM 980X compared to SAE 980X 
steel appears to depend on the nature 
of two microstructural constituents, 
a ferrite matrix (the principal mi¬ 
crostructural component) with a 
very high strain-hardening coeffi¬ 
cient, and a deformable martensite 
(the other crystalline structure) 
phase. In the SAE 980X, failure 
occurs after the ferrite becomes 
highly strained, but when the GM 
980X ferrite is highly strained, strain 
is apparently transferred to the mar¬ 
tensite phase, and it also deforms, 
"Therefore, voids leading to 
failure do not form until after more 
extensive deformation has occurred 
and the martensite phase is also 
highly strained. Obviously, the exact 
nature of these constituents must be 
important, and any variations in the 
nature of these constituents could 
influence formability. This is the sub¬ 
ject of ongoing research,” 

Dr. Rashid’s discovery repre¬ 
sents a significant breakthrough in 
the area of steel development. His 
findings have opened the door to a 
new class of materials and have com¬ 
pletely disproved the commonly held 
belief that high strength steel is not a 
. practical material for extensive au¬ 
tomotive application. "At GM, we’ve 
done what was previously thought to 
be impossible," says Dr. Rashid, "and 
now we’re hard at work to find an 
even stronger and more ductile steel 
to meet the needs of the future.’’ 


tup M.S. Rashid 
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dependent, of the state of motion of 
the observing physicist (as long as ho 
is not accelerated and as long as the 
field penetrating the vacuum moves 
with the observer), and hence it can¬ 
not serve to define a reference frame 
of absolute rest, which was the pur¬ 
pose of the old ether. 

Now let us say a few words con¬ 
cerning Mr. Phipps’s points against 
his so-called “modern physicist” 
model of the vacuum in favor of the 
“original Dirac” hole theory. Figure 
3 of our article only serves to demon¬ 
strate the charge symmetry of the 
vacuum, a very important principle in 
modern field theory. The electrons 
and positrons in this picture are re¬ 
lated to each other by this charge 
symmetry operation (as Mr. Phipps 
correctly states), and their dynamics 
must obey the rules of charge sym¬ 
metry. Hence the movement of an 
electron is always inevitably con¬ 
nected to a charge symmetric move¬ 
ment of a positron, which transfers 
the Pauli principle of electron to the 
positron as well. 

It is not quite correct, then, to say, 
as Phipps does, that the positrons and 
electrons in Figure 3 are different and 
independent particles. Once one sees 
this relation between the two kinds of 
particles, one easily recognizes that 
Figure 3 is not at all different from 
Dirac’s hole theory. 

Imposing the principle of charge 
The OD ether emerges as a simple, names of Michelson and Morley in his symmetry, giving the positrons (or 
elegant, logically economical cm- 1905 paper. But he seems to have “holes”) a positive charge, and in- 
bodiment of ordinary, much-con- known their experiment, as the foi- eluding this positive charge in the 
firmed quantum physics. The MP lowing sentence in his paper indi- total charge balance of the vacuum 
ether, in contrast, seems a hairy “an- cates: “Beispiele ahnlicher Art, some resolves the problem with the infinite 
swer” (unshaven by Occam’s razor) to die misslungene.n Ver nucha, eine. negative charge of Dirac’s electron 
an anachronistic question, achieved Bewegung der Erde. relatiu zum sea. 

by multilayering of mutually contra- ‘ Lichtmedium ’ zu konstatieren, But no other degrees of freedom 

dietary and ad hoc postulates. This fuhren zu der Vermutung, dass dem are added to Dirac’s picture by this 
being the case on the side of logic, our Begriffe der absoluten Ruhe... keine operation, so that no new postulates 
nineteenth-century ether-advocate Eigenschaften der Erscheinung ent- concerning the dynamics of electrons 
would naturally ask on the side of sprechen.” and positrons are. necessary (e.g. 

empiricism: “What experimental ev- Even if Einstein did not deduce the charge symmetry dictates that posi* 
idence favors the MP ether over the theory of special relativity from those trons can only “fall” into higher states 
OD ether? What observation dis- experiments, they served as a strong spontaneously), 
proves the simpler OD hypothesis?” experimental support of his theory, in As the reader may have noticed, we 
As a twentieth-century physics particular after H. A. Lorentz’s the- rely on the old Dirac picture in our 
watcher, I should be much interested oretical analysis in 1904 of the Mi- argument throughout the rest of the 
to learn the answers. chelaon-Morley experiment, of which, article, because there we have to take 

however, Einstein learned only after into account only the electrons 
Thomas E. Phipps, Jr. the publication of his 1905 paper. (knowing that field theory via the 

McLean, Virginia In answer to Thomas E. Phipps, principle of charge symmetry cor- 

Jr., we first want to stress that the rectly accounts for the corresponding 
picture of the electron vacuum in- dynamics of the positrons). But in 
troduced in Figures 1 to 3 of our arti- order to demonstrate this important 

Drs. Greiner and Hamilton reply: cle has nothing to do with the nine- principle we first had to discuss Fig- 

Jared Haslett is right in stating teenth-century ether: the Fermi sur- ure 3, the field theoretical picture of 

that Einstein did not mention the face in this picture is completely in- the electron-positron vacuum. 
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Gravitational waves 

To the Editors: 

Stephen Boughn’s excellent article 
“Detecting Gravitational Waves” 
{Am. Sci. 68:174-83, March 1980) 
reminded me of a good example of a 
paradigm for a situation in science in 
which potentially rewarding avenues 
of inquiry are blocked. I suggest that 
evidence for tidal gravitational waves 
may be within all of us. 

Instead of inanimate objectives, the 
most sensitive detectors may be our 
living DNA-type molecules. The 
spatial arrangements of these atoms 
with only short-range order may be 
perturbed by the gravitational waves. 
As Boughn notes, the frequency of 
such waves could be as much as once 
a week, The two major effects, I 
suggest, are (1) disruptions of cell- 
reproduction processes via the tem¬ 
plate mechanism, consisting of slight 
chemical changes that become the 
fundamental cause of aging, and (2) 
a slight alteration of our biological 
clocks (vibrational frequencies), 


which, in part, becomes manifest as 
the well-documented human per¬ 
ception of time becoming more rapid 
as we grow older. The literature of 
human aging and biological clocks is 
filled with intriguing possibilities for 
examining the suggested link between 
gravitation and living cells. 

Would it not be esthetic and per¬ 
haps symmetrical, in a sense, if the 
aging of the universe as manifested by 
the passage of gravitational waves was 
essentially the same phenomenon as 
human aging? We need more inter¬ 
action between physics and biology, 

Joel S. Hirschhorn 

Office of Technology Assessment 

United States Congress 

Dr. Boughn replies: 

As I emphasized in my article 
(perhaps not sufficiently), one of the 
most important characteristics of a 
receiver of gravitational radiation is 
its size. Since only the gradient or 
variation in a gravitational field can 
be detected, it is important that a 


sensor be as large as possible in order 
to observe this variation. 

A typical human cell is on the order 
of 10~ 5 meters across and, therefore, 
“feels” about one millionth the ac¬ 
celeration that a large weber-type 
antenna would observe. In addition, 
the overall strength of the gravita¬ 
tional interaction is so weak that al¬ 
most any other effect one could 
imagine is orders of magnitude 
stronger than gravity wave absorp¬ 
tion, For example, the hypothetical 
primordial, blackbody gravitational 
radiation that permeates all of space 
is absorbed by the human body at a 
rate of less than 10“ 13 watts. This 
power is distributed uniformly over 
the entire body and is less than 10" 15 
the power produced by human me¬ 
tabolism. Other sources of gravity 
waves produce even smaller effects. 

I agree with Hirshhorn that, in 

general, the interaction between 
physics and biology is extremely de¬ 
sirable; however, when it comes to 
gravity waves and biology, the inter¬ 
action is too weak to be desirable. 
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Sigma Xi News 



1980 Annual Meeting 

The Town and Country Hotel In San 
Diego, California, will be the scene of 
Sigma XI’s 81st Annual Meeting, from 10 
October through 13 October, At that 
time, it is expected that delegates repre¬ 
senting more than 350 of Sigma Xi’s al¬ 
most 500 chapters and clubs will con¬ 
vene to fulfill the responsibilities vested 
In the Assembly of Delegates for the 
guidance of the Society’s organization, 
programs, and activities. 

As in the past, the main purpose of the 
meeting will be to receive from the offi¬ 


cers and chairmen of standing com¬ 
mittees reports of their activities and of 
developments that have taken place 
since the last Annual Meeting. Delegates 
will also pass formal judgment on recom¬ 
mendations from the Board of Directors 
on such matters as dues and fees for the 
fiscal year 1981-82, a major rewriting of 
the Constitution and Bylaws, and several 
revised operating policies. 

In connection with the recommendations 
on dues and fees, it can be reported that 
the Board of Directors does not at this 
time anticipate proposing an increase in 
the dues rate, although it Is expected that 
operations in FY81 and FY82 will pro¬ 
duce deficits. It is hoped, however, that 
these deficits can be held to a minimum 
so that they can be covered by the re¬ 
serves held for such contingencies. 

If no dues increase is voted by the 1980 
Assembly for FY82, Sigma Xi will have 
operated for five years with its national 
dues at the current rate of $15. This 


would then have satisfied the course of 
action established by the 1976 Assembly 
of Delegates, which voted that "Sigma Xi 
adopt a policy relative to annual dues 
which would tend to have such dues con¬ 
stant for several years rather than requir¬ 
ing annual increases to keep up with 
unexpected cost increases." 

In addition to conducting the business of 
the Society, delegates will have the op¬ 
portunity to fulfill the real purpose of 
Sigma Xi by joining together as "com¬ 
panions In zealous research," The Meet¬ 
ing's setting in San Diego should be 
especially conducive to promoting fel¬ 
lowship and to ensuring a most success¬ 
ful meeting. Committees are at work 
planning not only the programs for the 
business sessions but also activities to 
take maximum advantage of the scenic, 
cultural, educational, and recreational 
opportunities of the San Diego area in 
the limited free time that will be avail¬ 
able. 

T.T.H. 



The Town and Country Hotel In San Diego will be the tile of the 19S0 Annual Meeting, 10-13 October. 
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Whether you're thinking retirement 
or not, review the plan that provides 
for cash withdrawal (without surrender 
charge) and/ora lifetime income. 


TIAA-CREF Supplemental Retirement Annuities 
(SRAs) offer you substantial flexibility including cash 
withdrawal and/or lifetime retirement income. You 
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is never a cash surrender charge. 
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pay less tax now. 

Changing employers? Take SRAs with you. 

Since you own your Supplemental Retirement Annui¬ 
ties, you take them with you if you leave your current 

employer. You can make contributions through any 

institution that makes Supplemental Retirement 
Annuities available to staff members, Contributions 
can be as little as $25 a month. 


Full information. 

Complete and mail the coupon for an SRA Information 
Kit today. You'll get full details about all the advan¬ 
tages SRAs have to offer, why this plan suits so many 
financial situations and age groups and how much 
you may contribute to the plan. 

♦TIAA-CREF provides annuities and other services for employees of 
colleges, universities, private schools and certain other nonprofit 
tax-exempt educational and research institutions. 

HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE 
...SEND FORAFREE INFORMATION KIT. 
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withdrawal. 
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Ralph Norman Haber How We Perceive Depth from Flat 
Pictures 

The inherent dual reality in pictorial art enables us 
to perceive a scene as three dimensional at the same 
time we see that the painting or photograph is 
actually flat 


A photograph or a painting is flat— 
we can lay it on a table, we can look 
behind it, we can even bend it or roll 
it up. Yet a picture of a scene also 
looks like the scene: when the picture 
is hung on a wall, it is like a window 
through which we can see the actual 
three-dimensional scene, Is it a trick 
or some power of suggestion that al¬ 
lows marks on a flat surface to fool us 
into perceiving a scene in depth? 
Clearly not. Rather, we perceive 
scenes in depth from flat pictures, 
' paintings, or photographs because the 
same kind of information reaches our 
eyes from pictures of scenes as from 
the scenes themselves. 

The two ways of perceiving pic¬ 
tures—as flat two-dimensional, sur¬ 
faces and as the three-dimensional 
scenes they represent—has been re¬ 
ferred to as a dual reality of pictures. 
By examining this duality and the 
sources of information from pictures 
that create it, we can understand how 
we perceive these two realities, espe¬ 
cially how marks on a fiat surface can 
produce perceptions of space 
stretching into the distance (see also 
Haber 1978,1979,1980). 

The eighteenth-century painting of 


Ralph Norman Haber is Professor of Psy¬ 
chology at the University of Illinois at Chicago 
Circle,: neuily arrived this year after fifteen 
years at the Center for Visual Science and the 
Department of Psychology of the University 
of Rochester. He received his Ph.D. in psy¬ 
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; research, in addition to that on depth in pic- 
. tares, has focused on pictorial memory , visual 
concepts of reading, and the role of visual 
processing in perceiving the layout of space, 
He recently received the Outstanding 
Achievement Award pom the University of 
Michigan; Address: Department of Psychol¬ 
ogy, University of Illinois at Chicago Circle, 
Chicago, 1160680, 


the Piazza San Marco in Venice by 
Canaletto (Fig. 1) is a picture of a 
three-dimensional scene. We have no 
difficulty perceiving that scene in 
depth: we-can recognize the objects, 
buildings, and people; we can place 
them in their proper locations, sizes, 
and orientations; and we have a vir¬ 
tually perfect perception of the rela¬ 
tive distances of the different parts of 
the scene from one another, as well as 
their distance from the painter. Those 
of us who have stood in the Piazza 
San Marco accept implicitly that the 
painting is true. Even those of us who 
have not been there intuitively accept 
that if we were to stand there, the 
piazza would appear to us just as it 
does in this picture. These kinds of’ 
observations describe what is meant 
by the three-dimensional reality of 
the picture. 

The painting can be seen in other 
ways as well. The people in it are not 
all drawn the same size. Those in the 
foreground are five times larger on 
the picture surface than those in the 
distance. Similarly, the nearest col¬ 
umn on the colonnade on the right 
side of the square is nearly four times 
as high as the farthest column. The 
texture of the paper is apparent if we 
look at it closely and is uniform over 
the entire surface. Our head move¬ 
ments do not result in motion paral¬ 
lax—the relative movement of near 
and far objects in the scene that we 
would observe if we were moving 
around in the piazza. In short, the 
painting can also look quite flat, and 
perceivers are not fooled into thinking 
of it as a window at all but see it as a 
flat surface with pigments and dyes 
and marks on it. These facts define 
our perception of the picture as 
flat—as a two-dimensional reality. 

Our perception of a three-dimen¬ 
sional reality in pictures arises be¬ 



cause of the great similarity between 
the information reaching our eyes 
from an actual three-dimensional 
scene and from a picture of the same 
three-dimensional scene. To show 
that this is the case I will first briefly 
consider the kind of information 
reaching the eye from a three-di¬ 
mensional scene and then compare it 
to that from a picture of the same 
scene. 

Visible light radiates from a light 
source, such as the sun, light bulbs, or 
fires, diverging out from the source in 
all directions. Some of the rays strike 
surfaces and are then either absorbed 
or reflected by the surfaces. Most 
surfaces in the natural world reflect 
light diffusely: regardless of the angle 
of incidence, the light rays diverge in 
all directions again. In this sense, such 
surfaces act like specialized light 
sources themselves. 

The intensity of a ray of light is .a 
function of the number of quanta it 
contains. When a ray encounters a 
surface, that surface absorbs some of 
the quanta and reflects others. The 
proportion reflected is a property of 
the surface itself, with some surfaces 
reflecting nearly 100% of the quanta 
incident to it, and others almost none. 
In addition, while most sources emit 
light of all visible wavelengths, sur¬ 
faces absorb the different wave¬ 
lengths selectively. Thus, a surface 
might absorb all short, wavelengths 
(ones that normally produce percep¬ 
tions of blue) and reflect only long 
wavelengths (ones that look red). 
Such a surface would appear red since 
only long wavelength light reaches 
our eyes. The pattern of hues and of 
brightness that we perceive in a scene 
are the result of the selective reflec¬ 
tances of the number and wavelength 
of the quanta from each part of each 
surface reflecting light to the eye. 
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Figure 1. “Piazza San Marco,” Canaletto’s in about 1735, illustrates how the rules of pic- scene on a flat picture surface. (Courtesy of the 

painting of San Marco Square in Venice, done torial perspective create a three-dimensional Fogg Art Museum, Harvard University.) 


In a typical scene, the pattern of re- flying photons encounter the light- The laws of perspective 
flectances varies widely. Some result collecting system of an eyeball, some 

from the variations within a single of them pass through the cornea and The transformation of retinal image 
surface-the light and dark grain lens, which refract the diverging light size with distance from the eye is de- 
lines in a piece of wood, for example, rays, bending them so that they are scribed by the laws of perspective, 
Others appear because two adjacent imaged as single points on the ret- based upon Euclid s principles ot ge- 
surfaces have different reflectances, ina-one point for each reflecting ometry, as he wrote them in his Op- 
such as sunlight coming through a point on every surface. As long as the tics in about the third century B. 
window and falling on a carpet and cornea-lens optical system is properly Euclid showed that an object of fixed 
some furniture. Physical edges be- adjusted, the pattern of light reflected physical size takes up a smaller part 
tween surfaces or objects almost al- from surfaces in space is reproduced of the retinal image if it is far away 
ways create visual edges—abrupt on the surface of the retina inside the than if it is near, the change m retina 
changes in reflectances of both eye (see Fig. 2), with certain predict- image size being a direct function ot 
quanta and wavelength. In addition, able dissimilarities. For example, the how close the object is to the eye, 
visual edges are produced when there optical system in the eye transforms Retinal size is determined by e 
is more than one light source in a the retinal image by inverting and angle made between the reflected 
scene or, more typically, when there mirror-imaging it; this transforma- rays of light from the extremities o 
is a single source of light and objects tion is invariant and therefore irrel- the object, as shown in Figure 3. r or 
cast shadows over one another. evant to perception. But other instance if an object is big or is 
transformations are much more im- nearby, the angle made by the light is 
Not only does light from a source di- portant, particularly the transfor- large and creates a large retinal image, 
verge in all directions in space but it mation of the retinal size of the pat- The retinal size of an imaged object is 
is again reflected in diverging paths tern of light as a function of the dis- usually specified in terms of this vi- 
from every point on every surface tance of the reflecting surface from sual angle, in degrees. The sun is 
encountered by each ray. When these the eye. about 1/2°, a typical thumbnai a 
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Figure 2. The optics of light reflection and re- cornea and lens refract each ray, bending it aa 

fraction form an image on the retina of the light a function of the angle at which it struck the 

reflected from the surfaces of objects. Of the corneal surface; all the rays diverging from each 
rays of light reflected from a surface, some point on a surface are thus recombined to locus 
strike the'cornea and pass through the pupil on a single point on the retinal surface, 
opening and the lens to reach the retina. The 


arm’s length is nearly 2°, and a 20 m size of the image of each surface on 

flag pole at 80 m is nearly 15° of visual the retinal image is uniform—he tri¬ 
angle, as is a 1 m X1 m picture at 5 m serves no changes in the shape of any 

viewing distance, The entire retinal parts of the retinal image. The natu- 

image for one eye is about 150° (or rat environment, however, is never 

larger if you have a very small arranged so that all parts of a surface 

nose ). are equidistant from the observer^ 

eye. Because the size of an image is 
As the observer backs away from the related simultaneously to the size of 

scene the visual angle made by each the object and to its distance, if some 

object decreases, making the retinal parts of the surface are nearer than 

image of each object smaller. If every other parts (that is, slanted with re¬ 
surface of every object in a scene is sped to the line of sight), then the 

directly facing the observer, then as nearer parts project larger images 

he backs up, the compression in the than the farther parts. 


nodal distance 



Figure 3. The size of an object’s image on the them. This angle can be determined by the 

retina (S,)1s determined by both thesize of the equation A » arc tan SJD. An object that n 

object (&) and its distance from the eye {/)), small or is far from the eye will have a small 

Light rays reflected from the edges of the object visual angle, and thus a small retinal size, This 

converge toward the eye at a visual angle A, relation is expressed as B r * nSJD, where n is 

cross paths behind the lens, and strike the the nodal distance from the lens to the ret- 

retina with the same visual angle A between ina—about 17 mm in the adult human eye. 


The most critical visual surface of all : 
is the ground on which the observer ■ 
stands. It never has all of its elements 
equidistant from the eye, but 
stretches away at a slant so that it •. 
produces a continuous change in size 
and shape of the retinal image, v 
Imagine standing on a railway looking : 
down the tracks. The length of each t 
crosstie is, of course, physically con- | 
stant, but those in the distance ‘ 
project progressively smaller visual 
angles on the retina. Thus the light 
reflected from the physically parallel 
tracks produces converging visual . 
edges in the retinal image-converg¬ 
ing toward a vanishing point in the 
distance. For the same reason, a 
checkerboard pattern of squares on 
the ground produces a pattern of 
trapezoids on the retina. The degree f 
of compression of the top of each ; 
trapezoid relative to the bottom de¬ 
pends upon the slant of the ground j 
away from the observer. Similarly, f 
each variation in reflectance of the 
surface of the ground produces a 
smaller pattern of discontinuities on 
the retina the farther away the actual 
variation is from the eye (see Fig, 

4). 

One of the most important variations ' 
in reflectances of a surface is its 
texture density. All surfaces have 
some degree of physical graininess, or 
variation in the uniformity of the ? 
physical surface elements. Most 
graininess is randomly regular. For 
example, a grass lawn in any one ;■ 
small area has some tall and some t 
short blades, which vary somewhat in [ 
width and color, but about the same h 
variability appears in any area of the 
lawn. Of course, the texture density of a 
a lawn is quite different from that of ■ 
a highway or the surface of a lake, but 
the texture density of each surface is £ 
fairly constant over the entire ex- ; 
tent,. ;■ i 

If the observer looks at a surface 
straight on, the reflected light repro- f 
duces the texture density in the reli-1 
nal image as uniformly as it is on the 
original surface. However, if the sur- 
face is oblique to the line of sight, as H; 
the ground always is with respect to 
the eye, the density of the texture ; 
from nearby points on the surface is | 
coarser on the retina than the "density - 
;■ of parts farther away; Thus, while the t ■ 
physical texture density may have 
been uniform and constant, the pro- - 
jected density on the retina shows a } 
gradient—coarse to fine—as a func-1 


tion of distance of the surface to the 
observer. In this sense, texture den¬ 
sity undergoes the same transforma¬ 
tion with distance as do other 
discontinuities in light reflected from 
surfaces to the eye of the observer. 
Texture is a particularly important 
source of information about distance 
because the textured ground on which 
we stand stretches away in all direc¬ 
tions from us and thereby projects a 
gradient on the retina that accurately 
reflects the slope of the ground and 
the relative distance of its elements 
from the observer. 

The transformations of perspective 
are regular and mathematically 
specified and thus describe a set of 
rules that relate the arrangement of 


Local depth cues also provide infor¬ 
mation for spatial arrangements, but 
only among adjacent areas on the 
retinal image. For example, interpo¬ 
sition is a local depth cue that speci¬ 
fies the retinal-image relations when 
one surface occludes another one. 
While interposition is a powerful 
source of information about the rel¬ 
ative distances of two objects, it 


and not the relation of these two 
surfaces to any others that are not 
adjacent to each other in the line of 
sight. Familiar size or shape is also a 
local depth cue: if the true size and 
shape of an object are known, then its 
retinal size is a clue to how far away it 
is, and its retinal shape is a clue to its 
orientation or slant. 


of reflected light imaged on the reti¬ 
nal surface. Only one pattern on the 
retina can be produced by any one 
natural scene viewed from a particu¬ 
lar position, and as long as the ground 
the perceiver stands on is visible and 
attached to both the scene and the 
observer, there is only one natural 
scene that can produce any particular 
retinal pattern. It is of course possible 
for purposes of research to create in¬ 
tentionally ambiguous scenes or to 
provide inadequate information in 
which the laws of perspective do not 
hold. 


depth cues are not the only sources of 
information about the layout of space. 
When the observer moves his head, 


over the retinal surface but also 
undergoes a predictable transforma¬ 
tion which provides powerful infor¬ 
mation about the relative distances of 
each of the reflecting surfaces in the 
scene. In addition, because our two 
eyes are slightly separated, regular being portrayed. 


of space. The three scales provide 
separate information about space, 
and since all three arise from the light 
reflected from the same scene, they 
are perfectly correlated. As will be 
apparent below, the scales of space 
are not correlated for pictures or 
photographs of a scene: the surface- 
perspective scale still signifies a scene 
stretching away from the perceiver, 
but the scales of both motion and 
binocular disparity signify a flat sur- 


The transformations described by 
surface perspective have been used by 
painters for centuries, though art 
historians still disagree on how and 
when perspective was discovered or 
invented in painting. By the late fif¬ 
teenth century a number of treatises 
designed to train painters in the use 
of perspective had already been 
published. These include works by 
Durer (Panofsky 1948) and Alberti 
(1434) and, most important of all, the 
notebooks of Leonardo da Vinci from 
around the turn of the fifteenth cen¬ 
tury. Each of these masters describes 
rules for producing patterns on can¬ 
vas that will project the same pattern 
of light to the eye as does the scene 


and predictable disparities are pro¬ 
duced between the two retinal images 


All of the treatises recommended that 
initially the novice use a plate of glass 
on which to sketch, instead of a can- 


are at different distances. 

The transformations produced by the eye and the scene so that he sees the 
■ . . - , .i « observer’s movements and by the scene through the glass, then while 

a retinal image deserves surface- dispatities between the two retinal holding his head still, he can sketch 
perspective transformations the ^ ^ gcaleg of space that the scene on the gi ass with each line 

kind of information available from a ^ ^ ^ h the same of the glass exact i y overlapping the 
way that surface perspective is a scale visual edges in the scene. In this way, 

observer would see if he used only one 
eye and did not move. These trans¬ 
formation rules define surface per¬ 
spective. Surface perspective de¬ 
scribes information specified across 
the entire retinal image, rather than 
just a portion of it. It creates a scale of 
space, because the transformation 
rules apply over the entire image. 

Thus, when the observer stands on a 
grassy expanse, surface perspective 
creates a continuous change over the 
entire retina that specifies a physical 
surface stretching away from the 
perceiver, irrespective of where he 
looks. The gradient texture is a metric 

specifying rate of change—that is, - « 

distance. It specifies the spatial ar- Fig ure 4 When the observer looks at the angles than the faraway areas. Visual angle 
rangement simultaneously for every gr o U nd he is standing on, surface texture and decreases directly with ^edistanceofthearea 

X* sr.arss.3 ass:ea=r 
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the artist can create on the glass a 
reproduction of all of the patterns in 
the light—discontinuities in lumi¬ 
nance and wavelength—that reach 
his eye and are focused on liis retina. 
In theory, with careful drawing and 
application of pigment on the glass, 
the pattern of light representing the 
visual edges reflected from the 
painting of the scene and from the 
scene itself are identical, 

The fifteenth-century treatises were 
procedures or rules to teach appren¬ 
tice painters to make representational 
paintings, Leonardo never claimed 
that this was how a painter should 
paint a picture, Once an apprentice 
mastered the rules for making pic¬ 
tures look exactly like scenes, then he 
could learn how to create art, through 
controlled variations and violations of 
these rules, 

What Leonardo’s procedures make 
clear, however, is that the transfor¬ 
mations of surface perspective in light, 
reflected from the scene to the eye are 
the same as those from a picture of 
that scene to the eye, The difference 
is that the transformations have al¬ 
ready been recorded in the rendering 
of the painting, and if the painting is 
viewed from the correct station 
point—the hypothetical place where 
the painter stood when he sighted 
through the glass-the pattern on the 
retinal surface is the same whether we 
are looking at the scene or at the 
painting of the scene. This similarity 
of the retinal images from scenes and 
from pictures of scenes explains why 
we have no trouble seeing pictures in 
depth—it should be no harder or 
easier than seeing the original scene 
in depth. 

Why do pictures look 
flat? 


The surround of a picture—its frame 
and the flat wall on which it is 
hung—provides strong indications 
that the picture is flat, since all of the 
surface-perspective information 
about distance and orientation from 
the frame and flat wall are perfectly 
correlated with the information from 
the picture surface itself. The picture 
surface contributes massive infor¬ 
mation for flatness. The texture of the 
canvas or photographic paper can 
usually be seen, and it projects a zero 
gradient over the surface for the ob¬ 
server standing directly in front of the 
picture. If the picture is viewed from 
an angle, the gradient from the slant 
exactly matches that of the wall sur¬ 
face, Thus the surface-perspective 
scale of space provides information 
about the spatial relations within the 
scene depicted by a picture, and at 
the same time it specifies that the 
picture surface itself is flat. 

The two other perspective scales of 
space—those of motion and binocular 
disparity—are, however, unambigu¬ 
ous: they specify flatness no matter 
how a normal photograph or picture 
is made or displayed. Every variety of 
an observer’s motion before a flat 
picture reveals its flatness because all 
visual edges in the pattern shift to¬ 
gether without transposition—each 
discontinuity remains in the same 
relationship to every other one. Sim¬ 
ilarly, when looking at a flat picture 
straight on, we see no disparity be¬ 
tween the two retinal images corre¬ 
sponding to any part of the picture. If 
the picture is large in relation to the 
viewing distance, making the edges of 
the picture farther away from the eyes 
than the center, a disparity between 
the two retinal images is produced 
regardless of where the observer is 
focusing on the picture surface. 
However, the retinal disparity be¬ 
tween the center and the edges of the 


marks on a flat surface and not a 
window opening into space. Further, 
the lack of disparity between the im¬ 
ages on our two retinas also tells us it 
is a flat surface and not a scene. 

Are Leonardo’s rules 
sufficient? 

If a painter is concerned only about 
the boundaries of surfaces and objects 
in the scene, Leonardo’s procedures, 
if followed carefully, will reproduce 
lines on the glass that reflect the same 
pattern of light to the stationary eye, 
at the proper station point, as do the 
boundary edges in the actual scene. 
However, in practice, the intensity 
differences and wavelength levels 
reflected from a scene and from a 
picture of that scene do not match. In 
any picture—whether pigments ap¬ 
plied to canvas, or black marks on 
paper, or the image on a photographic 
print—no matter what the source of 
illumination is, the ratio of the high¬ 
est reflectance to the lowest reflec¬ 
tance on the surface will rarely exceed 
30 to 1. 

This ratio is a limitation imposed by 
the nature of flat reflecting surfaces. 
The highest reflectance theoretically 
can be 100%, but in nature a surface 
rarely reflects more than 95% of the 
light that falls upon it. Similarly, 
while a surface can theoretically ab¬ 
sorb all of the light that reaches it, 
resulting in a 0% reflectance, in reality 
even the most light-absorbing surface 
reflects several percent of its incident 
light. Thus, the ratio of reflectance is 
limited to about 30 to 1. It is this 
limitation that restricts a painter, 
since he has no pigment on his palette 
that can reflect more than about 95% 
or less than about 5% of the light 
reaching his canvas. 

In a natural scene, however, the light 


If Leonardo’s rules are followed, en- picture is exactly consistent with the reflected from water, mirrors, metal, ; 
auring that both scenes and pictures disparity between the wall and the or narr0 w edges of almost any object 
of scenes reflect the same patterns of frame, implying to the viewer that the may be hundreds, thousands, or even ;■ 
light to the eye, where does the so- surface of the picture and the surface millions of times more intense than 
called dual reality of matures come of the wall must be flush. Further, the light coming from the same source 
from?"' * * there are no local disparities over the reflected from other surfaces in the 

picture surface—no part of the pic- same gC ene. One of the important ,s 
Several different sources of informa- ture is farther away from the eye than functions of these spectral reflee- / 
tion from the surface of the picture any other. tances is to define changes in orien- ! 

lead to perceptions of flatness: the flat tation, such as folds in a curtain or o 

frame and surround of the picture, This simultaneous information for gown, or a knife edge catching the : 
the picture surface itself, and proba- depth and for flatness creates the sun. A painter cannot hope to dupli- 
bly most important, the effects pro- dual reality of pictures. The percep- cate the range of natural reflectances , 
duced when the observer moves while tion of flatness is clearly heightened with pigments on a palette. Nor can 
looking and by the fact that he uses when we move while viewing a pic- the painter match the contrasts of 
two eyes instead of one, ture, This tells us that these are hues found in a real scene, J. he 
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Figure 5. Three drawings of the wall of a room that the surface-perspective information in he will have created on the retina the pattern 

show the view that an observer will obtain each is quite different: the shape of the window that corresponds to the next picture, However, 

when he focuses directly in front of him at tire changes from square to trapezoidal, the tiles on the distortions and changes comprising sur- 

wal 1 and then moves in a path parallel to it, the floor also change in shape, and so forth, The face-perspective information (second and third 

stopping at intervals of about 1 meter, All three observer can achieve the same effects by look- pictures) are not immediately apparent on the 

pictures appear to present the same spatial ing only at the first picture and then moving his printed page, 

information. However, close inspection reveals head to the left: at about each 15-cm interval 


brightness of paint hues is muted, and 
the range of saturation (the appear¬ 
ance of the amount of white added) of 
the colors available on the canvas is 
restricted. Far more common than 
spectral reflectances are the large 
differences in intensity created by 
shadows. Even with a single source of 
illumination, the light reflected from 
a shadowed surface can be thousands 
of times less intense than from di¬ 
rectly illuminated surfaces in the 
same scene. Again, the painter has 
only a 30-to-l ratio with which to 
work when painting that scene. 

The perceptual impact of these re¬ 
strictions on contrast is to make pic¬ 
tures look flatter than the scenes they 
represent. Natural scenes have a large 
gradient of saturation and of bright¬ 
ness: surfaces in the foreground ap¬ 
pear brighter and have more satu¬ 
rated colors, whereas distant objects 


When this gradient is restricted, as in 
a picture, the apparent distance is 
lessened between objects in the 
near-ground and far-ground. Thus 
the picture looks flatter. 

Photographs are even more restricted 
than paintings in both these respects. 
The range of contrast available is no 


more than from a painted canvas, and 
is usually less, especially for color 
prints. Variation in saturation from 
photographic prints is usually ob¬ 
tained at some expense in clarity, and 
is therefore much more restricted 
even than in paintings. 

Thus we can see that Leonardo’s 
rules, based upon perspective, cannot 
actually produce a picture or a pho¬ 
tograph that projects the same pat¬ 
tern of light to the eye as does the 
scene on which it is based. The flat 
reality of pictures can never be com¬ 
pletely avoided. Painters often try, 
however, to heighten the appearance 
of depth in a picture, or to counteract 
some of the flattening effects of the 
contrast reduction that occur in going 
from scene to painting. 

Hochberg (1978) and Ratliff (1972) 
have provided the finest descriptions 
and analyses of techniques painters 
have used to reverse these limitations, 
ways that often exploit the restric¬ 
tions to create even greater art. For 
example, it has long been known that 
combining pigments on a palette 
produces a subtractive color mixture, 
in which the saturation of the resul¬ 
tant mixture is always less than that 
of either original color, usually by a 


substantial amount. In the 1870s the 
Impressionists capitalized on the 
optical fact that additive mixtures do 
not produce as severe a loss in satu¬ 
ration as pigments combined on the 
palette. By placing small dabs of 
several unmixed pigments near 
enough together on the canvas that at 
normal viewing distances they are 
fused in the perception of the ob¬ 
server, these “pointillist” painters 
obtained additive mixtures with the 
resultant higher saturation, giving 
their paintings their characteristic 
bright look. 

A second technique utilizes the prin¬ 
ciple of “simultaneous contrast” 
(Hochberg 1979). When two adjacent 
areas on a surface reflect different 
amourits of light to the eye, not only 
is one perceived as lighter than the 
other but also the degree of perceived 
contrast is greater than the physical 
differences in intensity. This induced 
contrast is heightened when the dif¬ 
ferences in intensity are large rather 
than small. If a painter exaggerates 
the darkness of a shadowed area, the 
nonshadowed areas juxtaposed ap¬ 
pear lighter than is accounted for by 
the pigments alone—an apparent 
increase beyond the 30-to-l contrast 
ratio inherent in the pigments. 
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The problem of station 
point 

W« havt* soon that the surfaw-per- 
Kpf.*c.;tive transformations in tin? pat- 
tern of light reflwtml from n scene can 
match those from a picture of the 
scene in their representation of visual 
edges, though not in intensity or 
color. But even the matching of visual 
•edges depends upon an important 
qualification: the observer has to 
stand in'front of the picture in exactly 
the same place the painter stood, 
when he looked through Iris hypo¬ 
thetical plate of glass.the correct. 

station point; for the picture, With 
respect to photographs, the station 
point, is defined by the location of lhe 
camera and the type of lens used to 
take the picture. Failure to stand 
where the painter or photographer 
stood should lead to perceptual dis¬ 
tortion.errors in perceiving the 

three-dimensional layout of the scene 
|set? Fig. 5 for an example). Yet with 
rare exceptions, the arrangements of 
space do not look different in a pic¬ 
ture as we move about in front, of it. If 
the surtax perspective information 
is the basis for our three- dimensional 
perception of pictures, why is the 
distortion in this perspective so un¬ 
important? 

Pirenne (1970) has developed the best 
answer to this question, though the 
matter is far from closed, He argues 
that as long as the viewer can register 
both realities of ft picture •the 
'three-dimensional scene it represents 
and the two-dimensional surface of 
the picture he can determine the 
correct station point anti compensate 
for any distortion on the retina pro¬ 
duced by an incorrect station point. 
It. is being able to see the flatness that 
allows the viewer to align himself 
before a picture properly and see its 
depth correctly, Since it is only under 
free bintuntliir viewing of ilictures t hat 
both realities can be perceived, it is 
only under such: conditions, that in- 
correct station-point distortions are 
irrelevant, Farher and Hoslnski 
(1978) reviewed a substantial body of 
evidence, all. of which showed that 
distortions are indeed unnoticed with 
. free viewing. Under special dmim- 
atances, however, they can he noticed 
(see Goldsmith 1970), 

Hagen (1076) tested FireimeY ex¬ 
planation by asking observers to look 
at pictures for which most of the in¬ 
formation for flatness had been re-. 


moved. Subjects viewed a picture 
containing two objects of unlike size, 
one placed in the foreground and one 
in the background, and were asked to 
point to the larger. A correct response 
required perception of the proper 
depth relationships. Viewing was 
monocular through a peephole, either 
from the correct station point or 
obliquely, from 4(1" to one side. To 
manipulate surface information, 



Ftp re li. Tlit-tit* Jour versions i ifa hand.plus* 

ioj'nijih, (tftHii«i drawing, lint? drawing, and 
tunotm dctnonKtraUi how canonical featured 
can factlititfe rwogintion of fornw. Hccognitiun 
was found to require a longer viewing time for 
the more detailed drawings, and the longest 
viewing time for the photograph. 


Hagen used photographic prints 
which have high surface information, f. 
and rear-projected transparencies, j 
which have low surface information. ( 
The subjects were 4 years old, 7 years | 
old, and adults. She tested children | 
because they appear to be less mad - j 

live than adult s to the surface intor- j 
motion in pictures, and because I 
compensatory mechanisms in viewing V 
pictures may require experience and f[ 
practice and so should he less well 
developed in children. Hagen’s resul is 
are entirely consistent with the Fir- • 
onrte hypothesis. Adults use .surface 
information to compensate for the 
wrong station point in order to per¬ 
ceive correctly the depth relations in ■ ■ 
pictures, When that surface infor¬ 
mation is removed, as in viewing 
transparencies, depth is distorted 
perceptually by adult observers at U 
incorrect station points. Because 
children have not yet learned to use 
surface information, viewing from the ; 
wrong station point reduces the ac¬ 
curacy of their depth perception, re¬ 
gardless of the kind of picture they , 
are looking at. 

Thus the dual reality of pictures, for 
from being a distortion or a source of 
confusion, provides the basis for easy ,; 
perception of the three-dimensumnl 
layout of pictures. Information for 
both flatness and depth is present, as 
both are used to perceive the two ■: 
realities of pictures. 

Canonical features for 
depth 

In examining the different kinds of | 
interplay between the two realities of 
the percept ion of pictures, we have ho : 
far assumed that the pictures in¬ 
volved were photographs or rep- ji 
resentutimml paintings. But we are y 
obviously also capable of perceiving l 
spatial relations in the merest sketch ; 
of a scene. In no sense does the stir- ; 
face-perspective information in the 
light reflected from the sketch match 
that from the scene represented; some 
other source of information must be 
used for sketches, line drawings, car¬ 
toons, or caricatures in order to inrli- l 
cate their spatial arrangements. Two * 
sources are important: canonical | 
features and conventions. 

Canonical depth refers to a minimum | 
set of features that define all the I 
possible three-dimensional relation* I 
ships in a picture, without requiring | 
a full articulation of all perspective I 


and other depth information. Such 
features permit the correct percep¬ 
tion of the layout of space in sketches, 
line drawings, cartoons, and other 
incomplete figures. The presence of 
canonical depth features may also 
account for why some two-dimen¬ 
sional drawings create illusions in size 
and orientation. 

The canonical feature has so far been 
considered less as information for 
depth than as an aid to recognition. 
For example, Hochberg (1962) has 
suggested that recognition does not 
depend upon the full articulation of 
all the features and properties of an 
object, but needs only the object’s 
essential characteristics or distinctive 
features—i.e. its canonical form. All 
ambiguous features, all features that 
a form shares with other forms and 
that therefore are not definitional or 
distinctive, and all features that are 
irrelevant or noninformative can be 
deleted. Outline drawings or cartoons 
are good examples of canonical forms, 
since their purpose is to promote 
quick identification of an object. In 
one test of this idea, Ryan and 
Schwartz (1956) briefly presented 
four versions of several objects for 
identification, such as the hand, 
shown in Figure 6. They found that 
photographs, which supplied the 
most visual information, usually re¬ 
quired the longest viewing time, 
whereas cartoons or outline drawings 
often could be recognized more 
quickly. 

The same kind of analysis can be ap¬ 
plied to caricature. A successful car¬ 
icature has to be distorted or altered 
in some way, but at the same time be 
completely recognizable. Conse¬ 
quently the selection of features for 
distortion cannot be haphazard. 
Goldman and Hagen (1978) recently 
analyzed 100 caricatures of Richard 
Nixon, created by 17 different artists, 
and found great consistency within 
and among artists in the features se¬ 
lected for exaggeration: jowls, boxlike 
jaw, and length of nose. Another 
public figure may have different fea¬ 
tures exaggerated, hut for Mr. Nixon, 
these particular features must he part 
of his canonical form. 

Canonical form can be equally useful 
in representing the layout of space. It 
may not be necessary for the observer 
to process all the information coming 
from a scene, if he can search out 
some small set of features that are 


sufficient to specify the space. This 
concept is particularly important in 
scenes where not all the information 
is completely available to the observer 
at any one time. Canonical depth 
features enable the perceiver to find 
at a glance the prototypic aspects of 
the depth arrangement, without 
having to move his eyes over the en¬ 
tire scene to search out details of 
clarity. 



Figure 7. Becauae we assume that illumination 
comes from the top of any picture, we assume 
that the shadows in this photograph of ah egg 
carton will be below the protrusions, However, 
if the picture is turned upside-down, we see the 
protrusions as hollows, (After Gregory 1970.) 


An example of a canonical depth 
feature might be a horizontal line 
two-thirds of the way up a picture, 
which defines a horizon. This line 
would be especially useful if other 
lines tend to converge toward a van¬ 
ishing point on the horizontal line. 
Specification of the vanishing point 
is then another canonical depth fea¬ 
ture, at least minimally suggesting the 
slope of the ground and the location 
of the viewer in relation to that 
ground. If any object is added to the 
sketch the presence of the vanishing 
point will help to locate the object in 
the scene as well. 

Another candidate for a canonical 
depth feature, this time of more local 
origin, might be the presence of a T- 
intersection among discontinuities of 


intensity in the retinal image. 
Whenever two visual edges intersect 
so that they form a T, it is usually safe 
to interpret the continuous line as the 
edge of the surface that is lying in 
front of another, occluded surface. 
The T-intersection may be the mini¬ 
mal component of interposition, a 
feature that is an explicit part of 
many current attempts to write arti¬ 
ficial intelligence programs that will 
enable a computer to identify a layout 
of space from a projected pattern of 
visual edges (see Winston 1975). 

In addition to the use of canonical 
depth features to help indicate the 
layout of space in drawings, sketchy 
pictures depend upon a number of 
conventions to represent space, 
objects, and actions. Spatial conven¬ 
tions are probably unnecessary in 
photographs or representational 
paintings, but become critical when 
perspective information is incom¬ 
plete. The most important conven¬ 
tion in drawings is the use of lines to 
represent edges or boundaries in 
space (Kennedy 1974). Of course, 
objects in space are not surrounded 
by lines, and there are no lines in the 
pattern of light reflected from a scene 
to the eye. Yet we have no trouble 
representing and perceiving objects 
in drawings simply by outlining their 
edges. 

Another convention is observed in the 
assumption perceivers make about 
the direction of illumination in pic¬ 
tures containing shadows. Even 
young children assume that the 
source of illumination is at the top of 
a picture (Benson and Yonas 1973). 
Thus, as Figure 7 illustrates, if the 
shadow is below an object in the pic¬ 
ture surface, the object must be pro¬ 
truding into the path of light ema¬ 
nating from the top of the picture. 
However, if the shadow is above the 
object, the object must be a depres¬ 
sion in the ground which itself is in 
shadow. 

Movement, intention, and sequence 
are often represented by conventions 
in pictures. Since a picture is static, 
portraying one instant in time, it 
freezes movement. Yet we can per¬ 
ceive movement quite easily through 
the use of a number of conventions: 
multiple representation of legs to in¬ 
dicate running, a smear behind an 
object to indicate speed, or just 
blurred edges (Friedman and Ste¬ 
venson 1980). Examples of other 
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Figure H. Certain twiMlimcnsionul drawings 
liiad nmtimtly to incorrect pemiptiiinK. heft: 
The vertical lira* are parallel but perceived as 
nonjmutlld, Middle: Although the central 


conventions arc drawing stars above 
a person’s head in a cartoon to show 
that he is dizzy (“seeing stars’’}, or 
using big print to imply that the 
speaker is talking in a loud voice, 

Thus, we can see that even incom¬ 
pletely drawn pictures or those 
without the proper perspective in¬ 
formation can still convey a percep¬ 
tion of depth, Psychologists have 
taken advantage of this in making line 
drawings that turn out to be easily 
mispereeived. For many of these 
drawings the misperception arises 
from the misuse of canonical depth 
features, forcing viewers to see in the 
drawings a spurious three-dimen¬ 
sional reality, 

Illusory pictures 

A visual perception is called illusory 
when its appearance does not agree 
with some physical measurement of 
the surface reflecting light to the eyes 
(Coren and Oirgus 1978), Figure H il¬ 
lustrates some familiar examples, 
However, this definition of illusion 
does not make any sense at all when 
applied to paintings or photographs 
of scenes. Such pictures already have 
undergone the perspective transfor¬ 
mation from the three-dimensional 
scene they represent to the two-di¬ 
mensional picture surface. To what¬ 
ever extent an observer perceives the 
three-dimensional scene represented 
in the picture—its three-dimensional 
reality—there has to be a mismatch 
between the picture surface and his 
perception, Thus, a photograph of a 
receding railroad track will show 
railway ties of various actual lengths 
(as measured with a ruler on the pic¬ 
ture surface), but all the ties are per- 



circles an; the same size, they are perceived an 
unequal, Right : The vertical lines are the same 
length but are perceived as unequal. 


ceived as equal. The columns in Fig¬ 
ure 1 arc not the same physical height 
on the picture but are all perceived as 
equal. In fact, every aspect, feature, or 
element of the picture surface pro¬ 
duces an illusory perception when 
defined this way. 

But no one calls these images Illu¬ 
sions! Rat her, such pictures cause the 
observer to apply the concept of size 
constancy, in which the observer uses 
the information in the picture to 
construct a correct representation of 
the three-dimensional scene, The 
observer may be aware or he made 
aware that the picture is flat and that 
the railway ties are all of different 
sizes on the picture surface, but with 
this awareness he then has two dif¬ 
ferent, perceptions, the two realities of 
the picture. However, since the 
three-dimensionality of representa¬ 
tional pictures and photographs is so 
powerful, even the cues to flatness are 
not sufficient to prevent the percep¬ 
tual construction of a three-dimen¬ 
sional layout, with its attendant 
constancy scaling. Thus the three- 
dimensional reality normally over¬ 
rides the two-d imensional reality, 

In the experimental literature, the 
term illusion’’ is reserved for certain 

kinds of line drawings.drawings not 

intended by their creators to be rep¬ 
resentative of three-dimensional 
scenes. In these pictures, the balance 
of information between the two 
realities has swung so far toward 
flatness that viewers are not expected 
to perceive their three-dimensional¬ 
ity. Observers act as if they are look¬ 
ing at a flat drawing, but they still 
perceive enough of its three-dimen¬ 
sional reality to suggest a represen* 
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tation of some three-dimensional j 
scene. Since the artist had no iulen- ! 
tion of drawing a three-dimensional 
scene, such drawings are said to pro¬ 
duce a misapplication of the con¬ 
stancy scaling. .7 

This explanation of line-drawn illu¬ 
sions, first proposed by Thiery (PM), 
is now more typically identified with 
Gregory (1966, 1970), The theory 
states that perceivers use the two- 
dimensional information in line- 
drawings to construct a represent'd- ' 
tion of a three-dimensional scene in 
the same way that they can construct 
three-dimensional space from fully 
representational pictures or photo- S 
graphs. Here, however, it is a misap- p 
plication of size constancy, because ; 
there is no three-dimensional scene ; 
supposedly being denoted by the j 
illusion-producing drawings. While |- 
theorists insist that the drawing f 
should be treated as flat, observers l 
treat it like any other picture and | 
construct a perception of it as i fit F 
represented a scene, 

One problem with this otherwise 
reasonable theory is that observers 
often do not report perceiving the \ 
apparent depth relationships that the [ 
theory says are responsible for the 
apparent size, shape, or orientation 'i 
changes, Thus, in the MQller-Lyer 
illusion (Fig, 9), viewers should per¬ 
ceive the apparently longer line as 
farther away than the apparently 
shorter line in order to account for 
why they see the size difference. Yet 
many observers, even those with 
strong illusions of size, see the dis¬ 
tances as equal or, occasionally, even 
see the apparently longer line as 
closer (Worrall 1974), 
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figure 9, One explanation of the Muller-Lyer 
illusion (Pig. 8, right) holds that the short lines 
slanting inward and outward at the ends of the 
vertical lines act in a manner similar to ca¬ 
nonical features for depth, causing the observer 
to interpret the figures as representations of an 
inside {left) or an outside (right) corner of a 
building. These apparent depth relations in 
turn lead to a perceptual shrinking of the 
“outside’’ structure and lengthening of the 
“inside" structure, to compensate for the dis¬ 
tortion that would be caused by perspective. 
(Courtesy of Weidenfeld and Nicolson, Ltd,) 


It is easy to understand why this 
might happen, at least with respect to 
the vast majority of two-dimensional 
line illusions. The drawings are so 
impoverished in detail that they ap¬ 
pear flat, with no apparent depth in 
them at all. The two-dimensional in¬ 
formation that specifies three-di¬ 
mensionality may be registered 
mentally, but it is not perceived as 
such because it is at variance with the 



clear flatness of the picture evident by 
other sources of information. The 
registration, or taking-into-account, 
is sufficient to produce the apparent 
size (or shape or orientation) changes, 
but it itself is not perceived (see Ep¬ 
stein 1973; Rock 1975), 

Gregory (1970) has shown that if the 
cues to flatness are reduced in the 
drawing, then not only is the illusory 
effect greatly increased but also the 
depth becomes apparent to the per- 
ceiver. To demonstrate this, Gregory 
made a Miiller-Lyer illusion out of 
wire, which he treated with phos¬ 
phorescent paint to make it glow in 
the dark. When viewing the structure 
in the dark, observers had no two- 
dimensional reality of the flat draw¬ 
ing to contrast with the perspective 
information transmitted by the 
glowing arrowheads. Consequently, 
the observers reported that the wire 
figure appeared to be three-dimen¬ 
sional, with the apparently longer line 
seeming farther away than the ap¬ 
parently shorter line. In accordance 
with Gregory’s prediction, the illusory 
effect was greatly enhanced, 

It should be noted that nature does 
provide a few three-dimensional 
illusions directly, the most famous of 
which is the size illusion of the moon 


at various, positions in the sky. The 
moon illusion can be explained as a 
misapplication of constancy scaling 
(Rock and Kaufman 1962). The rel¬ 
ative absence of depth information 
from the sky for such faraway objects 
leads us to think that the zenith moon 
is nearer than the horizon moon, be¬ 
cause the latter is seen beyond the 
horizon. Since the visual angle—and, 
hence, the retinal size—of the moon 
is constant regardless of its elevation, 
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Figure 10. Subjective contours, perhaps due to 
implied or unintentional depth information, 
cause the observer to perceive a visual edge 
where no edge actually exists, 



the difference in distance is perceived 
as a difference in size. 

Besides illusions of size, orientation, 
continuity, and straightness, it is 
possible to make drawings in which 
we perceive lines—called subjective 
contours—that are not actually there 
(Coren 1974). These are illusory be¬ 
cause most observers report seeing a 
contour where no physical intensity 
or wavelength discontinuity exists. 
Examples are the edges perceived in 
stereoscopically viewed random dot 
stereograms, the edges defining 
objects when only the shadows cast by 
the objects are drawn, and the edges 
of an unshown object seen overlap¬ 
ping a more articulated one (Fig. 10). 
It seems likely that the subjective 
contour is perceived because there is 
depth information in the draw¬ 
ings—their three-dimensional real¬ 
ity—that leads perceivers to stratify 
the entire configuration on several 
depth levels. Even if no contour is 
drawn to separate the different levels, 
we perceive one because a part of the 
figure is seen in front of another 
part. 

The dual reality of pictures cannot 
account for all subjective contours (cf. 
Ware and Kennedy 1977) or for all 
visual illusions. Other factors besides 



















stratification in depth can induce 
contours in perception where none 
existed in the intensity discontinui¬ 
ties. Most of the Gestalt laws of or¬ 
ganization are statements of where to 
expect perceptual structure even in 
the absence of physical structure. 
While some.of these laws concern 
depth, others do not. The law of clo¬ 
sure is most explicitly a prediction 
that subjective contours connect 
physically unconnected elements, 

As we have seen, at each level of 
analysis, the duality of pictorial per¬ 
ceptions—the flat, two-dimensional 
reality of the picture surface and the 
three-dimensional reality of the scene 
being represented—provides the key 
to an understanding of how we can 
perceive depth from pictures. In a 
way, having two realities makes pic¬ 
tures more complex than natural 
scenes, but at the same time it is the 
flat reality that makes it possible to 
perceive the layout of space in pic¬ 
tures so easily and accurately. 
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“This is not what we meant, Snider, when we asked for a thorough 
study of the laws of gravity." 
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Preston Cloud Beyond Plate Tectonics 

Views Earth science assumes new dimensions with the 

extension of its cross-disciplinary methods to our 
sister planets and earliest Earth history 


The first great flowering of the earth 
sciences took place during the early 
nineteenth century, when the liber¬ 
ating concepts of James Hutton, 
William Smith, and Charles Lyell 
freed geologists to interpret their 
planet in naturalistic terms. Confi¬ 
dent that Earth’s historical configu¬ 
rations could be understood as the 
products of invariant or lawfully 
variant principles and processes ob¬ 
served today, physical geologists 
worked out its surface structure, 
while paleontologists established the 
record of systematic biological change 
with time. This introduced\>rder to 
Earth history and became the 
clinching evidence that biological 
evolution was a fact to be explained. 

Geology and solid-earth geophysics 
are now in the midst of a new flower¬ 
ing-—a golden age of unprecedented 
synthesis paced by the unifying con¬ 
ceptual system known as plate tec¬ 
tonics, Seemingly isolated aspects of 
geology take on a pattern when 
viewed within the illuminating 
framework of plate tectonics. This 
conceptual framework is important 
not only for what it explains and for 
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the stimulus and direction it gives to 
new research, but also as a symbol 
—a symbol of the sweeping changes 
in orientation that geology is now 
undergoing, from more descriptive to 
more integrative and interpretive 
outlooks. These changes are leading 
to more satisfying perceptions of es¬ 
tablished fields and to the opening 
and rapid development of new ones. 

Plate tectonics 

When the global distribution of 
earthquake foci is plotted on a map, 
it is seen to form linear patterns that 
coincide approximately with volcanic 
belts, deep-sea trenches, island arcs, 
the mid-Atlantic ridge and similarly 
rifted ridges in other oceans, and the 
great fault zones and rift valleys that 
offset the mid-ocean ridges and bor¬ 
der or penetrate the continents. 
These alignments (Fig. 1) trace out 
huge interlocking platelike segments 
of Earth’s rocky lithosphere that are 
commonly thousands of kilometers 
across but, as we know from seismic 
data, are only about 100 km thick. 
These plates are moving in relation to 
one another. The heavy arrows in 
Figure 1 and the schematic vertical 
profile of a segment of Earth’s outer 
shell shown in Figure 2 indicate the 
directions of motion. 

In some places the plates are being 
jammed together or are sliding past 
one another, as around the relatively 
westward-drifting and counter¬ 
clockwise-rotating Pacific basin, In 
other places, Earth’s crust and 
lithosphere are being rifted or spread 
apart along ridges like that which so 
prominently marks the middle of the 
Atlantic ocean. Rifting along the 
spreading ridges reduces pressure on 
the dense, hot, iron- and magne¬ 
sium-rich silicate rocks of Earth’s 
mantle beneath. Molten matter is 


injected upward into the rift zone, 
creating a narrow band of new ocean 
floor all along the center of the mid¬ 
ocean ridge, splitting the preceding 
injection of molten matter in two, 
wedging the strips on either side away 
from the ridge, and spilling new sub¬ 
marine lava flows across their 
edges. 

As successive new strips of ocean floor 
cool to below the Curie point, they 
become magnetized in the direction 
of Earth’s magnetic field, which is 
known to vary and occasionally to 
reverse. Records made by towing a 
magnetometer back and forth over a 
spreading ridge, such as that south of 
Iceland, show a mirror-image sym¬ 
metry in the patterns of differently 
magnetized strips of seafloor on op¬ 
posite sides of the ridge. This is con¬ 
sistent with the inferred mechanism 
of seafloor spreading. Patterns re¬ 
corded at the seafloor can be matched 
to a known and dated history of 
magnetic reversals on land, giving the 
rate of spreading. In the Atlantic 
Ocean, this rate is about 2-4 cm per 
year, indicating that the continents 
were last together 170-200 million 
years ago—a finding that is consistent 
with evidence from stratigraphy and 
regional geology. 

I say last advisedly, because we have 
evidence that the opening of the 
present Atlantic Ocean was preceded 
by an opening and then a closing of ah 
ancestral Atlantic. That closure re¬ 
sulted in a collision of the Americas 
with Africa and Europe about 240 
million years ago, And that collision 
crumpled the converging continental 
margins like a wrinkled rug, creating 
the folded Appalachian Mountains 
and corresponding crustal deforma¬ 
tions in Europe and Africa. 

Our current model of the moving 
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Figure 1. Wlwn Uw fiplueiitertt «riuirthquak«M lithospheric plates that interlock to form 
arc plotted on ft mnp, they outline the moving Kurth'n wirface. (After Cloud W7H.) 


lithonphoric plates departs from also by folded mountain ranges such Although the present episode of draft 
classical concepts of continental drift as the Himalaya, the Alps, and the can be traced only about 200 milium 
in several important respects, The Appalachians, by suhduetion zones years into the past, the distinctive 
continental nuclei! are indeed an- where relatively heavy seafloor de- geology associated with plate margins 
(iiont, as earlier geologists widely be- attends obliquely beneath overriding permits us to apply plate tectonic 
Keyed, but the oceans are young. We continental rocks or thinner seafloor, theory further back in time. A great 
now see that the continents do not and by deep melting, volcanism, and many features of Earth s history &tid 
drift as independent entities. Rather, hydrothermal ore deposits. We owe structure as currently known are ex* 
they are carried on the surfaces of this picture to a host of able geologists plained by, or are consistent witlv m 
composite plates, HR) km or so thick, and geophysicists, in particular Harry described model of shifting and jus- 
Except for the Pacific plate, the main Hess, l Tuxo Wilson, Lynn R. Sykes, tling plates of large areal extent but 
plate include both relatively old, F, l Vine, and A. N. Hales. limited thickness, at least as tar buck 

light, high-standing continental crust ( as 2-2.5X10 years ago. 

and younger, heavier, lower-standing If the observed motions continue, 

oceanic crust, as well as part of the dramatic geographical changes will B e y 0n( J plate tectonics 
upper mantle beneath. The Pacific ensue. California will not fall into the , 

plate and several smaller ones are al- ocean, but part of it will slowly glide It Menu to me that the heightened 
most wholly oceanic, while the crustal out to sea. Los Angeles, if it still ex- interdisciplinarity of the post*-World 
parts of a few small plates are mainly fats, will come abreast of Ban Fran- War II earth sciences had a good deal 
or wholly continental, All plates glide cisco in about. 10 million years. Forty to do with converting the stubbornly 
over a seismically defined zone of hot, million years later, the northward- resisted and unworkable e assure! 
weak rock'that begins some 50-100 moving sliver of California west of the ideas of continental drift into the 
km down in the outer mantle—the San Andreas fault will be a long, generally accepted ana workable 
asthenosphere. Collision zones are narrow island, poised to plunge into modern view of plate tectonics. From 
marked not only by earthquakes but the Aleutian trench. the first inklings of seafloor spread¬ 


ing, plate tectonics has been a 
strongly interdisciplinary develop¬ 
ment. Paleontology, geochemistry, 
marine geology and geophysics, 
seismology, volcanology, and paleo- 
magnetism all contributed to it. 
Today I sense an emerging pattern of 
broader competence through training 
or self-education on the part of an 
increasing number of individual 
Earth scientists, combined with a 
growing interest in seeking out co¬ 
operating specialists and blending 
data and ideas from a variety of im¬ 
pinging fields. This augurs well for 
the recognition or better definition 
and ultimate solution of problems 
that now lie beyond the outer rim of 
knowledge. 

For plate tectonics is not the whole of 
geology. Intraplate tectonics is a rich 
source of unsolved problems. The 
Rocky Mountains, the Colorado 
Plateau, and isolated uplifts such as 
the Black Hills resist convincing ex¬ 
planation. There are also a great 
many other things we should like to 
know about our planet and its history 
that have little or nothing to do with 
plate motions. 

1 look forward in the next decades to 
a broad extension of our under¬ 
standing of planetary dynamics 
backward in time, outward into space, 
and forward into the future. Progress 
toward these goals will depend partly 
on the degree to which the new geol¬ 
ogy unites the traditional data 
sources and historical perspectives of 
the earth sciences with the principles, 
methods, and instrumentation of 
chemistry, biology, fluid dynamics, 
nuclear physics, and other relevant 
fields into one great science of the 
earth, its cosmic antecedents, and its 
prospective future as an abode for 
mankind. 

Earth's cosmic connections bear 
profoundly on the origin and early 
history of our planet and the emer¬ 
gence upon it of the living systems 
that have so extensively interacted 
with its physical evolution, Before the 
direct exploration of space, our main 
dues to these connections came from 
telescopic data and a limited number 
of inadequately studied meteorites. In 
the last 15 years, however, remote¬ 
sensing techniques have been refined, 
great advances have been made in 
isotope geochemistry and cosmo- 
chemistry, and there has been a flood 
of lunar samples, in-situ lunar geo¬ 
physics, newly discovered meteorites 


(including the newly fallen large and 
important carbonaceous Allende and 
Murchison meteorites and 1,600 rel¬ 
atively uncontaminated specimens 
from the Antarctic ice sheet), and 
research dollars. Together with the 
scientific results of the Apollo, Pi¬ 
oneer, Mariner, Venera, and Explorer 
space programs, these advances have 
laid the groundwork for the new 
subsciences of comparative planeto¬ 
logy and presolar evolution. 

The most important results so far 
have come from isotope cosmochem- 
istry and geochemistry, which con¬ 
tinue to unfold fascinating surprises. 
Data on the decay rate of rhenium 
187 to osmium 187 and the cosmic 
abundances of these isotopes, for in¬ 
stance, give us what may be our 
best-founded estimate for the age of 
the universe—about 18 X 10 9 years. 
They also promise more to come on 
ages for the galaxy and solar system 
(Luck et al. 1980). The estimated 
rhenium/osmium age of the universe, 
incidentally, is consistent with the 
astronomical age of the universe es¬ 
timated from a Hubble constant for 
stellar red shift of ~15 km per second 
per million light years. It contradicts 
the recently suggested halving of that 
age based on a doubling of the Hubble 
“constant.” 

The huge Allende and Murchison 
carbonaceous chondrites, which fell 
respectively in Mexico and Australia 
in 1969, brought clues to presolar 
history and the origin of the solar 
system. In these meteorites, magne¬ 
sium 26 and aluminum 27 correlate 
with magnesium 24 in the right pro¬ 
portions to have formed by decay of 
aluminum 26, which would have been 
generated in the outer shells of a 
presolar supernova. An associated 
oxygen 16 enrichment in the Allende 
and other carbonaceous chondrites 
may have a similar source, as may 
related nuclear anomalies in silicon, 
calcium, barium, neodymium, and 
samarium (see Lee et al. 1976; Marvin 
and Wasson 1979; and Hutchison 
1980). 

It had long been hypothesized, on the 
basis of heavy-element abundances, 
that our solar system was preceded by 
one or more ancestral supernovations. 
The final supernovation, however, 
seems to have been much nearer in 
time than previously supposed. The 
half-life of aluminum 26 is only 
720,000 years, placing.the last super¬ 
novation no more than a few million 


years before the condensation of the 
solar system, consistent with the 
conclusion of Lee and his colleagues 
(1976) that our solar system is a direct 
result of this supernovation, A new 
problem is posed by this evidence, 
however: what happened to the neu¬ 
tron star we might expect to have 
been left at the center of the ex¬ 
panding supernova? 

The components of preplanetary ev¬ 
olution and planetary origins are be¬ 
coming clearer. Cosmochemistry, 
linked with planetary petrology, 
geophysics, and fluid-dynamic mod¬ 
eling (e.g. Macdonald 1959; Turekian 
and Clark 1969; Cameron 1973; 
Ringwood 1975, 1977), is steadily 
enhancing the body of data and 
theory. This growth and refinement 
may be expected to produce a more 
believable model of early solar system 
dynamics, Perhaps it will also resolve 
the current dispute as to whether 
Earth and its sister planets of the 
inner solar system—called the ter¬ 
restrial planets—originated by mul¬ 
tistage accumulation as relatively 
cool, solid bodies or whether they 
were initially hot or molten bodies 
produced by catastrophic one-stage 
accretion. 

Somewhat peripheral to all this, per¬ 
haps, but fascinating in its own right, 
is the matter of our sun’s evolution 
following its ignition as a main-se¬ 
quence star. Analyses of dated 
lunar-surface dust for effects of the 
solar wind show that ratios of nitro¬ 
gen 14 to nitrogen 15 have increased 
by 30% over about 3 X10 9 years—in 
glaring conflict with present rates of 
solar gamma radiation. This and 
other measurements of solar flux 
combine with anomalously low neu¬ 
trino counts to suggest that we may 
see revisions in current concepts of 
solar evolution. As Marvin and Was¬ 
son (1979) declare in a recent article 
in the earth-science newsletter Geo- 
times, “continued investigation of 
isotope anomalies during the coming 
decade is expected to lead to major 
insights into the astrophysical pro¬ 
cesses responsible for their genera¬ 
tion.” 

Along with such prospects goes the 
beginning of comparative planetolo¬ 
gy. Results of the breathtaking Apollo 
missions and related petrographic 
and geochemical data on meteorites 
tell of aerodynamic sorting and neb¬ 
ular origins (accompanied by deple¬ 
tion of volatile elements) for the pri- 

.1980 July-August, 383 




Pern-Chile trench 

(subduction zone) Mid-Atlantic spreading ridge 



deep melting zone uppermost mantle 


Figure 2. A schematic vertical profile of Earth’s system: a subduction zone, where one plate crust; and the uppermost layer of mantle, 

outer shell across South America and Africa slides beneath another; a spreading ridge which moves with the crust over the plastic 

shown the major features of the plate tectonic where new ocean crust is formed; continental asthenosphere, (Alter Cloud 1978.) 


murdial components of the moon and system cruised through a galactic possible geological consequences of 

primitive meteorites called chon- spiral arm a la Napier and Clube large meteorites or asteroidal impact 

dritea. This suggests the possibility of (1979). on our planet have become an in- 

studying nebular processes and in- . creasmgly respectable line of inquiry, 

termediate stages in planetary ac- Samarium/neodymium ages, first They are currently much discussed m 

eretion leading up to early melting determined fr6m lunar samples in connection with the causes of Wo¬ 
und differentiation of our moon, 1975, are a new geochronological tool, logical extinctions (Alvarez et al. 

Earth itself, and the perhaps many Samarium 146 decays to neodymium 1980; Ruderman and Truran 1980). 

parent bodies of the basaltic and 142, with a half-life of 11 X10® years. 

denser meteoritic rooks-rocks that Their ratios give us crystallization Significant m the growth and refine- 

we know to he common early surface ages for igneous rocks, showing that mentof comparative planetary study 

rocks among the terrestrial planets the calcic anorthosites and gabbros of is the' fact that ground control Irom 

and asteroids the early lunar crust apparently the six Apollo missions to the face of 

crystallized from the light fraction of the moon and the three unmanned 

If we could determine the relative a 300-400-km-deep hot surface melt Soviet missions to the moon’s far side 

distances from the sun at which the within the first 500 million years of provide the calibration for remote 

various groups of meteorites formed, lunar history-the oldest crystalli- sensing by satellite-borne mstru- 

our views about the origin of the me- zation age being 4.5 X 10 9 years. mentation. This calibration makes it 
teorite parent bodies could be refined. increasingly possible to map major 

And if, as has been traditionally If we can take the intensive cratering variations m surface chemistry and 

supposed, the metallic meteorites of the early lunar crust as indicative petrology, as well as some distinctive 

were formed at the cores of planets or of planetary surface processes, impact geophysical attributes, for other ter- 

large planetenimals, their division by large planetesimals 100 km or so in restnal planets. Indeed, satellite data 

into 62 groups implies a large number diameter was a major process of late on the terrestrial planets are sufn- 

of now vanished planetary or proto- planetary accretion and early surface ciently abundant that books dealing 

planetary bodies. Comparative modification. Radiometric ages in- with comparative planetology areal- 

planetology could become a large dicate that this process ended on the ready being published-recently a 

subject. moon about 4 X 10 9 years ago, when very good one, The Realm of the 

the near-side mare basins formed. A Terrestrial Planets, by Zdenek Kopai 

Lunar geochemistry, petrology, and similar bombardment of the same age (1979). 

geophysics together provide many probably occurred on all the solid 

clues to earliest Earth history. The planets. We do not see direct evidence We were, nevertheless, almost totally 

data are still being analyzed, but it is of it on Earth because of erosion, but unprepared for the Ruminating flood 

clear that they are leading us toward we do see records of lesser impacts of data sent back from the kmm 

a better understanding of planetary that formed craters as much as 140 sate Ritesiby Pioneer 11 : 

differentiation and crust-forming km across and up to about 2 X 10 era 1 and 2 during 1979.1 he large | 

processes—perhaps to new percep- years old. consorts proved toha, m rf-! 

tions of Earth’s primordial crust, We ,, , Vf feet, to 

are still left with the problem of lunar Although meteoritic impact has ta- ies-Calh?iS 

origin, but it is a diminishing one. The pered off dramatically since that early and, best of all, Io, with eight huge, 

similar oxygen-isotope compositions bombardment, its manifestations and apparently sulphur-driven volcanic 

potentialities deserve further study. 

pair formed close together, If we Estimates indicate that a body a ki- heights as great as 285 km, making it 

cannot say with confidence whether lometer across can still be expected to the most active sohd body m the solar 

or not our moon was captured, at least hit Earth about once every million system. 1 he Jovian consorts are 

we can be sure that, if it was captured, years, and one big enough to make a comparab e in size and complexity to 

it did not wander in from some far hole the size of Meteor Crater in An- Mercury, Luna (our moon),and Sat- 

corner of the solar system or become zona (1 km in diameter) about once urn’s giant rocky moon Titen . 

linked to Earth as the early solar every 1,400 years. The observed and we can add surfaces of frozen sulphur 
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and water ice, rocky cores, and man- spheric weathering and watery chemistry. We have good indirect 
ties of ice, water, and solid and molten transport. But the search for crust evidence that free oxygen was essen- 
silicates to the diversity of features older than 3.8 X 10 9 years and for tially absent from the early atmo- 
that need to be encompassed and ex- clear evidence as to the composition, sphere. Yet we see evidence of early 
plained in the growing field of com- thickness, and thermal gradient of the oxidation in sedimentary hematite 
parative planetology. first crustal rocks has so far been in and sulfates (the latter perhaps rep- 

vain. resenting bacterial oxidation of sul- 

Not the least of the features needing fides). Attempts at determining a 

explanation, I might add, are the re- Lunar petrology and cosmochemistry geochemical balance for potential 
markable riverlike channels on our strongly imply that the initial earth oxygen sources and sinks suggest that 
neighboring planet Mars. Although went through a stage of melting as a photosynthesis was the main source 
these channels are widely (and rea- result of gravitational'and early ra- of the free oxygen that eventually 
sonahly) accepted as establishing the diogenic heating. That could have filled the sinks and made the atmo- 
former or episodic presence of large delayed crustal solidification for sphere aerobic. The breakdown of 
volumes of flowing surface water on several hundreds of millions of years, water vapor by ultraviolet radiation 
Mars, a fresh look at the evidence by but probably not until as late as 3.8 X in the outer atmosphere was probably 
Whitney (1979) suggests that aero- 10 9 years ago. Heating from the decay at most a significant supplementary 
dynamic processes with suspended of uranium 235 and shorter half-lived source, 
silt particles should be considered an radioactive isotopes may also account 

alternative or at least contributing for delay in the onset of plate-tectonic The lowly blue-green algae (in fact, 
mechanism. mechanisms on the early earth. At bacteria), therefore, are thought to be 

least it seems likely that ventilation responsible for making the primitive 
Consider next the problems con- of a hot early earth would call for atmosphere breathable by oxygen- 
nected with the early history of our more active convection than we as- metabolising organisms like us. But 
planet and the related evolutions of sociate with conventional plate-tec- just exactly when this happened, 
its biosphere, atmosphere, hydro- tonic models. The thermal heavings what physiological adaptations were 
sphere, and crust, Cooperative in- of that early crust may have caused it required for preexisting microbial life 
quiry by biogeologists, isotope geo- to be divided into a number of small to adapt to increased levels of hy- 
chemists, and geologists over the last seas and protocontinents, marked by drospheric CL, and how such changes 
three decades has led to better defi- gravitational foundering, granitic might have come about are still to be 
nitions of the problems and some diapirism, and vertical tectonics. Al- resolved. And we must not forget that 
progress toward their solutions. I have though contrary to much present oxygen could not begin to accumulate 
elsewhere attempted (Cloud 1976a, b) thought, such a paleogeography is, in and persist generally until all primi- 
to identify the main events and order fact, strongly suggested by the salient tive sinks were filled and could not 
them in relation to one another. Al- characteristics ofthe so-called gran- accumulate any faster than its co- 
though the numbers need revision ite-greenstone belts of the Archean products were sequestered that is, 
and efforts until now have generated earth, prevalent before about 2.5-3 X carbon buried or hydrogen lost from 
more questions than answers, prog- 10 9 years ago. Earth s gravity field, 

ress toward a better model of the . ,. . . , 

primitive earth is being made and Whereas a succession of sedimentary Four S reat 
further progress may confidently be rocks from 3.8 X10 9 years ago on tells lutionmark the 85% of Earth history 
expected in the decade ahead, us that there has been liquid water at up to the beginnings of a good record 

Earth’s surface for as long as we have of multicellular animal fossils. These 
Because of Barth’s depletion in the a sedimentary record, astrophysical am (1) the origino(hfe;(£theorigm 
noble gases, it has been widely con- data imply a solar luminosity of only of and adaptation to oxygen-pro 
eluded that our ancestral atmosphere about 70% or less of the sun’s present ducing photeyntoM3)the emer- 
„ secondary, any truly primordial brightness at that great age and thus gence and diversif,cation,o atod 
atmosphere having been blown away worldwide freezing temperatures at cellular types with membrane-bound 
tom the hot early earth, in the ab- Earth’s surface. Is the astrophysics organelles, mitotic cell division, res- 
sence of a magnetosphere, by fierce; wrong? Or do the ancient sedunen- piratory metabolism, and an ad- 
supersonic T tauri winds (radiation tary rocks reflect a prolonged green- varreed hereditary apparatus (the 

sta iSoUr^fcS 

jsk&'SKS 

sissrssss li uss su 

qprlimentarv rocks from southwest We are not sure, but evidence avail- open to question. But, with tne nnx 

GreeulandandtheL^foUbelt able is c—with such an mter- ^tZS^eo'- 
of southern Africa, however, tall us pretation. logy, the joint efforts of biogeologiste, 
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; not have formed without both atmo- come with more and better geo- tons. 
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The once mystical problem of the 
beginnings of life is now the subject of 
serious scientific inquiry, made more 
respectable with the growth of evi¬ 
dence that the primitive atmosphere 
was suitably anoxic. Continuing ex-, 
perimental work (summarized by 
Miller and Orgel 1974) has been suc¬ 
cessful in producing biologically in¬ 
teresting molecules from a variety of 
plausible primitive anoxic experi¬ 
mental atmospheres, Amino acids 
from Antarctic and newly fallen car¬ 
bonaceous chondites confirm the oc¬ 
currence of organic (though not bio¬ 
logic) syntheses even in the primor¬ 
dial solar nebula. It has not yet been 
possible to get all the essential mac* 
romolecular combinations estab¬ 
lished and working together inside a 
lipid membrane as a recognizably 
living system, But we do know that 
one of the most critical processes is 
the elimination of the water molecule 
by dehydration condensations to 
form the energetic double bonds re¬ 
sponsible for holding the important 
constituent molecules together, 

Indeed, we have gone about as far 
toward explaining the origin of life 
( biopoem , as Pirie called it m 1953) 
as we have toward understanding how 
a microbe dependent on external food 
sources (a heterotroph) becomes a 
maker of its own food sources (an 
autotroph), how the eukaryotic cell 
arose, or by what steps a one-celled 
organism became a metazoan—still a 
long way from a final solution. There 
is no lack of ideas and there is even 
some evidence. But we haven’t yet hit 
on the crucial evidence or the com¬ 
pelling interpretation. That positive 
results may be expected from the in¬ 
tensive inquiry now going on I have 
little doubt. Just when, or what, or 
how close to reality, remains to be 
seen. 

I have mentioned only a few of the 
problems connected with a clear un¬ 
derstanding of the primitive earth 
and the origin and life styles of the 
microorganisms that inhabited it, but 
I hope that in doing so I have con¬ 
veyed some sense of what the chal¬ 
lenges are and of my conviction that 
scientifically plausible answers can be 
found to most, of them. Given the 
appropriate balance of interdiscipli¬ 
nary effort and inspiration, we can 
learn to define these problems better , 
to break them down into more re- 
searchable components, and eventu¬ 
ally to solve some of them. 
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To the problems I have here dis¬ 
cussed so briefly a comprehensive 
survey would add those of the emer¬ 
gence of life from the sea to occupy 
the lands, the origin of the higher di¬ 
visions of plants and animals, the 
modes and rates of biological evolu¬ 
tion at various levels, and biological 
extinction (a current focus of ap¬ 
pealing new ideas). Such a survey 
would also include profound prob¬ 
lems of Earth’s physical anc| chemical 
evolution, such as the relation of plate 
tectonics to metallic ore formation 
and ore finding. Many of these 
subjects seem to me to stand at or 
barely beyond the cutting edge of to¬ 
day’s science, ready for new discovery 
and insightful new syntheses, 

Consider now the geological aspects 
of Earth’s future as an abode for 
mankind. 1 will discuss only one of 
these aspects.paleoclimatology. 1 

It might seem strange to choose the 
subject of past climates as relevant to 
the future. But the future is, of 
course, a product of the past and the 
present, and, as the present, properly 
understood, can be a key to the past, 
ho the past, properly interpreted, can 
he a key to the future. The value of 
paleoclimatology is that it provides a 
framework within which proposed 
causes of climate change can be 
studied and their relative effects and 
time scales evaluated. 

Known or potential climatological 
processes act on time scales that 
range from hundreds of millions of 
years to tens of years. Very long-range 
factors are the movements of conti¬ 
nents, air-sea evolution, and perhaps 
galactic dust, Short-term influences 
include volcamsm, air-sea-ice inter¬ 
actions, perhaps solar variability, and 
the effects of mankind on various 
environmental components—CO^, 
for instance. Of intermediate range, 
and possibly determinant within the 
broad framework of lands and seas set 
by plate tectonics, are orbital varia¬ 
tions of Earth about the sun, with 
consequent variation of solar radia¬ 
tion received (Hays 1976). 

Modern times are not sufficient to 
test the effects and ranges of these 
factors, except, perhaps, some of 
those introduced by man. But me¬ 
ticulous study of the sequences of 
biological remains and the physical 
and chemicgl characteristics of sedi¬ 
mentary sequences in the deep sea 


and at suitable sites on land can pro¬ 
vide such tests. With a proper com¬ 
prehension of climatological pro¬ 
cesses, such studies may also yield an 
understanding of past climatic vari¬ 
ations and grounds for forecasting 
future ones. 

Key deterrents to building the data-1 
base from which such an under-1 
standing could arise have, until re¬ 
cently been our inability to take con¬ 
tinuous cores of sufficient length at 
sea and limitations on our ability to f. 
make highly precise age determina- j : 
tions for events that took place more Sf 
than about 40,000 years and less than | 
250,000 years ago. Recent advances in i :; 
methods and instrumentation such as ji 
the new Scripps Institution Hydraulic \ 
Piston Corer, the Boreholer Tele- i 
viewer, and the use of nuclear accel- j: 
erators for measuring radioactive j* 
isotopes and their decay products f 
promise to remove both these limi-1 
tations. i 

l : 

Indeed, marine geologists on Leg 63 j 
of the JOIDES Deep Sea Drilling 
Project have used the Hydraulic 
Piston Corer to obtain 200-m-Iong 
cores in the Caribbean Sea and the 
equatorial Pacific that are expected 
to provide a continuous 8,000,000- 
year-long history of paleooceanogm- 
phy and equatorial climatic variation 
(J. V. Gardner and W. L, Prell, quot¬ 
ed in Set News 1969). Concurrently, 
more sensitive counting of the iso¬ 
topes carbon 14 and beryllium 10 has 
become possible with the Van de 
Graaff accelerator, and a detailed j 
chronology of oceanic sediments ex-1 
tending continuously over the past | 
several million years based on olu 1 
minum 26/beryllium 10 ratios should | 
be possible through the use of an ac-i 
celerator and a negative-ion mast 
spectrometer in tandem (Kilius et al. j 
1979). 


We may confidently expect, there¬ 
fore, that with appropriate funding 
and time, paleoclimatological meth¬ 
odology can achieve the advances 
needed to join it with historic diina- .... 
tology and sharpen our ability jo S 
foresee the future. At the same time. / 
it is important to extend the effort fat | 
enough back in time to encompass the | 
effective range of all important cli-l 
mate-causing factors. Plate motions t 
in particular have crucial bearing on 
the patterns and extent of seas and 
lands, the degree of continental^ 
the pattern and scale of atmospheric 


motions and ocean currents, and, in 
more recent Earth history, on the 
origin, diversification, and dispersal 
of man’s ancestors. 

As mankind has given up its once 
nomadic ways, settled predominantly 
in urban sites, and waxed in numbers, 
so has it become more susceptible to 
climatic changes that can shift the 
world’s temperature, rainfall, and 
aridity belts. Atmospheric scientists 
and geologists are now debating the 
effects of the accumulation in the at¬ 
mosphere of industrial CO 2 on cli¬ 
matic change. Will increased CO 2 
levels cause a global temperature in¬ 
crease and shift of climatic zones such 
that Kansas, Missouri, and central 
Europe become deserts, Siberia a 
breadbasket, and the world’s seaports 
underwater ghost towns? Or are cyclic 
changes in the sun or in Earth’s rela¬ 
tion to it about to bring on another ice 
age? Will both trends perhaps occur, 
canceling one another? Or will natu¬ 
ral buffering effects in soils and the 
sea balance the increase in industrial 
CO 2 ? We truly do not know. We can¬ 
not even confidently articulate 
probabilities without much more re¬ 
search. 

New institutional 
arrangements 

Clearly, the cutting power of these 
and other investigations will be re¬ 
lated to the talent, means of commu¬ 
nication, and facilities available. 
Much of the most promising modern 
earth science depends on measure¬ 
ments and observations that can no 
longer be obtained with hammer, 
Brunton compass, and hand lens 
alone—although much that is im¬ 
portant is still being done and will 
continue to be done in this way by 
first-class minds. New, expensive, and 
frequently unavailable instrumenta¬ 
tion is called for. 

The recent applications of nuclear 
accelerators to determining carbon 14 


scan modes that eliminate the effects 
of beam instabilities. Even gas-chro¬ 
matograph mass-spectrometer 
(GC-MS) assemblies, ion probes, fully. 
instrumented scanning electron mi¬ 
croscopes for simultaneous observa¬ 
tion and analysis, and other costly but 
useful instrumentation is not suffi¬ 
ciently common in Earth science 
laboratories. Nor do we enjoy the best 
arrangements for bringing creative 


Although a new voyage of discovery is 
■already well launched in the geologi¬ 
cal sciences, progress would be sig¬ 
nificantly furthered by the creation of 
an institution or institutions that, 
among other things, made facilities 
such as those mentioned more widely 
available. The problems call for the 
creation of a center or centers for the 
solid earth sciences, where a variety 


the point. Nowhere is such instru¬ 
mentation yet available on a priority 
basis for geologic applications. The 
same is true for the million-electron- 
volt transmission electron microscope 
used in advanced mineralogical 
studies. Many geochemical labora¬ 
tories do not yet have mass spec¬ 
trometers equipped with the digital 
data-acquisitions systems and step- 


from academia, government, and in¬ 
dustry could mingle on common 
ground and recharge intellectual 
batteries during individual terms of 
residence, supported by a permanent 
staff of qualified operators. Here they 
could exchange ideas and carry out 
research, using equipment that is too 
expensive for many individual insti¬ 
tutions to own or to replace as it ob- 
solesces. Scholarly, national, and 
world interests would be well served 
by such a center or centers, seeking to 
understand Earth’s total evolution, 
its cosmic connections, and their 
linkage with the future. Under¬ 
standing so generated could bear 
significantly on matters of planetary 
management, such as the flow of 
materials and energy, future climate, 
and the maintenance of a beneficent 


strands of evidence can generate a 
structure with the elegance and 
bearing strength of a well-made cargo 
net, We could use more good cargo 
nets in the earth sciences. 
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In the many poor.-countries of the 
world, where the population is pre¬ 
dominantly rural and cannot take an 
adequate food supply for granted, the 
yield of crops is a subject of Intense 
interest. Feast or famine depends on 
it, and newspapers and radio carry 
frequent reports of crop prospects. In 
mure affluent countries, crop yields 
are of less immediate concern to 
much of the population, for whom 
food comprises only a small propor¬ 
tion of their expenditure. But for 
these countries, too, much depends on 
the extent to which they can sustain 
and improve the productivity of an 
agriculture which has become in¬ 
creasingly dependent on inputs from 
modern technology, including fossil 
fuels. 

Through much of human history the 
increases in agricultural production 
have come mainly from extension of 
the area under cultivation. For many 
poorer countries this is still true, but 
there is little potential for further 
increase in the area of arable land in 
many developed nations. The scope 
for larger populations and better nu¬ 
trition in developed countries de¬ 
pends mainly on the extent to which 
crop yields per unit of land area can 
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The Natural History of Crop Yield j 

I 

i 

A combination of improved varieties of crop plants 
and technological innovations continues to increase 
productivity, but the highest yields are approaching 
limits set by biological constraints 


even be scattered to ensure another 
crop. Other aboriginal tribes followed 
the practice, reinforced by mythology, 
of replacing the yams they dug by 
their tops, in order to deceive the yam 
spirit and, incidentally, to ensure re¬ 
growth at the same place. 

The selection and cultivation of crop 
plants, then, was unlikely to have 
been a unique, revolutionary event. 
More likely, it was a reluctant evolu¬ 
tion in the face of growing population 
pressures. 


be raised still further. Boserup (1965), 
in a nim-Malthuaian interpretation, 
would argue that population growth 
is the independent variable and that 
it drives agricultural development. 
There ‘ m persuasive evidence in sup¬ 
port of her case in traditional agri¬ 
cultural systems based on the ex¬ 
pansion of cultivated area, but the 
further we go along the path of rising 
crop yields, the stronger do the bio¬ 
logical constraints become. It is these 
biological constraints that are the 
subject of this article. 

Pre-agricultural plant 
harvests 

Although hunted animals are promi¬ 
nent in cave paintings, and their 
hones in cave deposits, plant foods are 
likely to have been at least as impor¬ 
tant as animal foods to our .progeni¬ 
tors, Most present-day hunting tribes 
also gather plant foods. Among the 
IKung bushmen of the Kalahari des¬ 
ert the women gather and the men 
hunt for nearly the same amount of 
time, but mongongo nuts and other 
vegetable foods make up 60*80% of 
the IKung diet {Lee 1968). The 
women gather about 15 calories for 
each calorie spent in harvesting, an 
energy return roughly three times 
higher than that of the hunting males. 
Hunting is also less certain than 
gathering, but meat is the preferred 
food. As Lee puts it, the IKung eat as 
much meat as they can get and as 
much vegetable food as they need. 
When one bushman was asked why 
they hadn't taken to agriculture, he 
replied, “Why should we plant when 
there are so many mongongo nuts in, 
the world?” 

Mongongo nuts are, of course, not the 
only readily gathered plant foods. In 
the Middle East, for example, there 


were extensive stands of wild relatives \ 
of the cereals wheat, oats, and barley, j 
remnants of which can still be found. [ 
Harlan (1965) harvested one such l 
stand in Turkey, gathering 1 kg of f 
clean seed per hour. At that rale, a j ; : 
year’s supply of food could be gath- j 
ered in two to three weeks. 

Under such conditions, the appro- : 
priate measure of yield would not be . 
kilograms per hectare but the amount 
of grain harvested per hour or per 
calorie of effort. Plants with larger 
seeds, with more seeds per ear, and ■ 
with more compact panicles or ears j; 
would be preferred. The fact that oats 
do riot have compact panicles may 
have been one reason why they were : 
not domesticated as early as wheat 
and barley, and why Israeli students 
harvesting mixed wild stands of the 
three cereals by hand collected oats 
the most slowly (Ladizinsky 1975). In ; 
collecting wild relatives of maize, ; 
Galinat (1974) records that he un- 
consciously selected plants with the ' 
more condensed inflorescences, as; 
protoagricultural women may also 
have done. 

On the other hand, plants which re¬ 
tained rather than shed their seeds 
are unlikely to have been favored by j 
gatherers. Where grains were stripped r 
by hand or with a notched flint, or J; 
caught in swinging baskets or bvj 
tapping the inflorescences over a bowl} 
(or over a canoe in the case of wild j 
rice), the free-threshing habit of the L 
wild plants would have been pre- / 
ferred. 

Some Australian aboriginal tribes Y 
pulled up wild millet plants before L 
the seeds were mature, and left them ; 
in piles to dry and shed their seeds on j 
the ground, whence they were later ; 
swept up. Some of this seed might 


Plant domestication 

The conventional indicator of cereal 
domestication is the appearance of 
forms in which the inflorescences re¬ 
tain their mature seeds rather than 
shed them. By this criterion, wheat 
and barley were first domesticated in 
the Fertile Crescent of the Middle 
East about 10,000 years ago, when the 
climate was beginning to warm up 
and when men may have been moving 
from caves to open camps. As we have 
seen, seed retention was of no par¬ 
ticular advantage to gatherers, nor is 
it necessarily advantageous under 
cultivation if crops are harvested by 
hand-stripping of seed. However, 
once the harvesting of crops by sickle 
was introduced, the seed-retention 
character became crucial. The two 
kinds of harvesting, by women and 
men respectively in many cases, may 
have existed side by side for some 
time, which could explain why both 
wild and cultivated forms (i.e. with 
and without shattering ears) of ein- 
korn and emmer wheat have been 
found together at such early Middle 
East sites as AH Kosh, Cayonu, and 
Jarmo. 

Once forms which held their seeds at 
maturity had been selected, it was no 
longer possible to rely on scattered 
grain for regeneration of the crop. 
Sowing became necessary, and a new 
criterion of crop yield became im¬ 
portant, namely the ratio of seed 
harvested to seed sown. This is the 
measure of yield mentioned in the 
Bible and by Roman writers such as 
Columella, who refers to a fourfold 
return of wheat, a figure common in 
poor, dry areas. For a hungry family 
to have to forgo a quarter of its grain 
harvest in order to sow the next crop 
emphasizes how aware they would 
have been of this measure of yield. 
However, early cereal yields could be 
much higher, up to 45-fold yields of 


wheat being recorded on good soils in 
Palestine in the period of the Mish- 
nah (at about the time of Christ) 
(Feliks 1963). Usually they were 
much lower until a few hundred years 
ago, and we may well imagine why 
Linnaeus’s student Peter Kalm was 
so impressed by maize when he saw it 
in 1748 and recorded that it always 
returned at least 300-fold, and often 
much more; hence his description of 
it as “the lazy man’s grain.” 
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Figure 1. As historical trends in the yield of 
wheat in England and of brown rice in Japan 
indicate, productivity began to increase rapidly 
toward the end of the nineteenth century and 

shows no signs of slowing down yet. 


Given the early emphasis on the 
seed-return ratio, it is probable that 
there was strong selection for uniform 
and complete germination and for 
large seeds, which give better seedling 
emergence when sown at depth and 
produce larger seedlings, which 


Our work with wheat and cowpeas 


may also have resulted in a parallel 
increase in leaf size. 


Since the area of arable land was not 
a major limitation during early agri¬ 
culture, fallows and ley pastures could 
be used to restore soil fertility after 
cropping. Such practices were prob¬ 
ably of ancient origin. Ho (1975) 
points out that the ancient Chinese 
had different words for fallows of one 
and two years’ duration. Much longer 
periods of regeneration were needed 


with bush fallows or swiddens, in 
which the ash from forest clearing and 
burning provided sufficient fertility 
for one or two years of relatively 
weed-free and productive cropping. 
Such practices are still followed quite 
widely in Southeast Asia and Africa, 
but with ever-shortening cycles of 
regeneration, as Boserup (1965) has 
pointed out. The energy ratio for such 
systems is surprisingly high: more 
than 20 calories are often harvested 
for each calorie of human labor. By 
that criterion, bush-fallow cropping 
systems are quite effective, but if the 
energy stored in the burned wood is 
included in the input energy, the ratio 
changes from 20:1 to 1:20 (Gifford 
and Millington 1975). 

The domestication of crops brought 
a more assured but perhaps less var¬ 
ied and exciting diet. The nutritional 
return on human energy did not fall, 
but the agricultural way of life de¬ 
manded more discipline and depen¬ 
dence. In domesticating crops and 
animals, mankind was itself domest¬ 
icated. 

Subsistence agriculture 

From the beginning of domestication 
10,000 years ago, when the world 
population may have been about 8 
million, until it reached more than 
one billion over 100 years ago, sub¬ 
sistence agriculture was the way of life 
for most people. It had many forms, 
each adapted to local conditions 
(Evans 1976a) and not dependent on 
machinery and inputs from outside; 
most of the produce was consumed by 
the farmer’s family. 

Yields throughout this period were 
mostly recorded as the ratio of seed 
harvested to seed sown (e.g. Slicher 
van Bath 1963), but yields per hec¬ 
tare, such as those shown in Figure 1, 
can sometimes be derived. Average 
wheat yields in England and in other 
European countries during the Mid¬ 
dle Ages were quite low: 1/2-3/4 
tonne per hectare (t,ha _1 ). In fact, 
such yields were no higher than those 
obtained by Zohary (1969) when he 
harvested stands of wild cereal pro¬ 
genitors in Galilee. Early yields of 
millet crops in China were also com¬ 
parable, according to Ho (1975). 

However, grain yields from irrigated 
cereal crops in the Middle East could 
be higher. Jacobsen and Adams 
(1958) mention yields of wheat re- 
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Figure 2. The average grain yield for all cereals 
increases with the amount of fertilizer used. For 
each country data are given for I960,1963, 
1966,1969, and 1974. 


corded in Mesopotamia at about 2400 
B.c. of almost 2 t.ha -1 , although this 
figure subsequently declined to only 
about one-third as much by 1700 B.C., 
probably because of increasing sa¬ 
linity of the irrigated areas. Where 
soil fertility was maintained by 


human effort, especially at certain 
peak periods, although the energy 
return ratios (compiled by Leach 
1976) are often lower than those for 
bush fallowing. Several systems with 
draft animals yielded only 1.7-5.1 
calories per calorie expended. The 
generally low yields were no less ex- 


of bones, farmyard manures, and 
green manure crops, as well as by 
fallowing—practices all used in 


high, From the returns per seed and 
the sowing rates given by Feliks 
(1963), wheat yields of up to 3.6 tha -1 
were probably obtained in Galilee in 
the period of the Mishnah. Thus, 
even early varieties of wheat had 
substantial yield capacity. 

Subsistence farming is often idealized 
by comparison with modern agricul¬ 
ture. It involved a great deal of 
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migration, it has resulted increasingly 
in the clearing (often by deforesta¬ 
tion) and erosion of land only margi¬ 
nally suitable for cropping. 

Whenever people have migrated to 
new environments they have usually 
taken their most cherished crop 
plants with them. Sometimes these 
crops have flourished immediately, in 
the absence of their usual pests and | 
diseases, but more often their yields f 
have been poor until they have been | 
selected for adaptation to their new I 
environment. In some cases the weeds j 
that accompanied them were better 
adapted to the new conditions and 
eventually became important as 
crops. In the spread of wheat and 
barley up the Danube into northern 
Europe, for example, oats and rye 
(then considered weeds) were often 
better adapted to the cooler, wetter, 
and more acid soil conditions and 
were domesticated. 

While there are many causes of crop 
failure in new environments, by far 
the most common is lack of adjust¬ 
ment of the life cycle of the crop to 


Nor was traditional subsistence 
farming a true equilibrium system. It 
may not have required fertilizer and 
other inputs from outside the farm, 
but all such systems needed an ever- 


In nature, and in traditional agricu! 
ture, the timing of the main stages in 
the reproductive cycles of plants is 
optimized in relation to seasonal 
conditions through control mecha¬ 
nisms which are extremely sensitive 
to length of day and temperature. For 
example, the wild progenitors and 
primitive cultivars of crops like sor¬ 
ghum, soybean, and potatoes require 
the length of the period of daylight to 
become shorter than a certain dura¬ 
tion before they will initiate flowers 
or tubers. When such plants were 
transported suddenly to higher lati¬ 
tudes, the requisite short days were 
reached too late in autumn for these 
varieties to be productive. Adaptation 
in these crops required the selection 


of the day. In other crops, such as 
sugar beet, in which flowering reduces 
sugar yield, selection was in the op¬ 
posite direction, for stronger day- 
length controls, as was also the case in | 
moving wheat to higher latitudes, % 
when flowering had to be delayed / 


provide a living for the farmer’s chil¬ 
dren, since the scope for yield increase 


pet xiwi cue rvfto uAmuvv** * 

to Amish farmers in the United States 
today (Johnson et al. 1977) as well as 
to farmers in less developed countries. 
Where the demand for new arable 
land could not be accommodated by 


Fortunately, modification of these 
controls on crop life cycles by selec¬ 
tion has usually been readily accom¬ 
plished, even before the nature of the 
control processes was understood. 
Nevertheless, a long time was re¬ 


quired to optimize the phases of a 
crop’s life cycle in relation to local 
conditions and to produce an adapted 
traditional variety. New farm prac¬ 
tices, such as irrigation or the use of 
fertilizers, may radically change that 
optimum, so that traditional varieties 
are no longer suitable. Adaptation to 
new agronomic conditions may be¬ 
come as important as adaptation to 
climate, hence the current emphasis 
on broad environmental adaptability 
in many plant-breeding programs, 
particularly those of the international 
agricultural research centers in less 
developed countries. 

But the point I wish to emphasize is 
that much of the increase in yield that 
has occurred since the spread of crops 
to new environments has been due to 
selection for better adaptation to 
those environments rather than to 
selection for greater yield potential. 

High-input agriculture 

The rise in the use of fertilizers such 
as Chilean nitrate and superphos¬ 
phate, and others as their necessity to 
plants became clear, began over one 
hundred years ago. From the very 
beginning of the process there have 
been scientists concerned with the 
consequences of exhaustion of nutri¬ 
ent resources. In his address to the 
British Association in 1898, Sir Wil¬ 
liam Crookes expressed concern 
about the rapid use of fixed nitrogen 
in agriculture and war: “The nitrogen 
which with a light heart we liberate in 
a battleship broadside has taken 
millions of minute organisms pat¬ 
iently working for centuries to win 
from the atmosphere.” He went on to 
suggest the need for chemists to solve 
this problem, which they have done 
with increasing efficiency in the years 
since then. In 1930 it required about 
370 M Joules (1 calorie = 4.19 Joules) 
to produce 1 kg of ammonia from 
methane and air; forty years later, less 
than one-tenth as much energy was 
needed. 

Over recent decades, the amounts of 


most of this being used by the more 
developed countries. In 1978 the de¬ 
veloping countries applied an average 
of 28 kg of fertilizer nutrients per 
hectare, four times more than they 
used in 1964, but only one-fifth as 
much as the developed countries 
used. Figure 2 illustrates the great 
differences in fertilizer use in several 
countries, the changes over twenty- 
five years, and their relation to the 
yield of cereal crops—the major con¬ 
sumers of fertilizer. The reduced yield 
response at high fertilizer levels, due 
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used in agriculture have doubled 
every fifteen years; the use of nitrogen 
fertilizer has doubled in about half 
that interval. The number of nutri¬ 
ents applied to crops is also increas¬ 
ing, World consumption of fertilizer 
nutrients was less than 1 million 
tonnes in 1906, and more than 100 
million tonnes at the end of the 1970s, 


Figure 3, Energy harvested as grain is plotted 
against the total energy invested (including 
fertilizers, fuel, machinery, etc,) for the maize 
crops of the United States at successive inter¬ 
vals. No decline in the yield response to addi¬ 
tional energy input is apparent. (Based on data 
of Pimentel et al. 1973.) 


to other factors becoming limiting, is 
evident, as it is in individual experi- 


Similar figures have been presented 
for agrochemicals such as pesticides, 
fungicides, and herbicides, whose use 
in world agriculture has also increased 
exponentially. Although they were 
introduced later, herbicides are now 
the most abundantly applied agro¬ 
chemicals, yet they still comprise only 
1-2% of the total energy used in ag¬ 
riculture, compared with about 
twenty times as much for fertilizers. 
Although the crop-yield response to 
any one agrochemical is likely to be 
asymptotic, the response to increas¬ 
ing total input energy over the years 
may not be, if there is a continuing 
series of technological innovations, 
each generating a renewed yield re¬ 
sponse. To a degree this has occurred 


in developed countries, where use of 
the major nutrients has been aug¬ 
mented in turn by trace nutrients, 
insecticides, fungicides, herbicides, 
regulants, supplementary irrigation, 
grain drying, and improved varieties. 

Such a sequence of advances could 
well account for the fact that there’ 
has been no marked decline in the 
yield response or energy return per 
additional unit of energy used in 
growing maize in the United States 
between 1945 and 1970 (Fig. 3). In¬ 
creased efficiency of energy use in the 
manufacture of nitrogenous fertilizers 
has also contributed. 

Crop production now depends on 
many inputs, and yield may be ex¬ 
pressed in terms of any of them. Al¬ 
though crop yield is most commonly 
expressed per unit of land area, we 
have seen that yield per unit of 
human effort and per seed sown have 
been important criteria in the past, 
while yield per unit of applied water 
or phosphorus or energy may become 
more important in the future, de¬ 
pending on which resource is most 
limiting or most in need of conserva¬ 
tion. Each parameter gives a different 
picture of crop yields and their im¬ 
provement, and the differences in 
availability of the various inputs 
among countries account for many of 
the differences in yield per unit of 
arable land (cf. Hayami and Ruttan 
1971). 

The scope for further increase in crop 
yields can be considered in terms of a 
series of steps between successive 
yield levels: world averages, national 
averages; best farmers’ and experi¬ 
ment station yields, record crop 
yields, and estimates of maximum 
yields. Trends over the last forty 
years in world average yields for the 
three major crops—wheat, rice, and 
maize—are shown in Figure 4, to¬ 
gether with the increase in their area. 
All three show a substantial increase 
in world yield, but in the case of 
wheat, the most widely grown, the 
increase in area has, until recently, 
been more important than that in 
yield in generating greater produc- 


For all the major crops there is an 
approximately tenfold range among 
countries in their average yields. To 
a considerable degree, these differ¬ 
ences reflect variations in climatic 
conditions, and to that extent yields 
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in some of the lower-ranking 
countries may never be able to ap¬ 
proach current high national yields. 
Nevertheless, there are many 
countries where the use of improved 
varieties and agronomy could raise 
national yields severaltbld. 

Some indication of the potential for 
further increase in'national yields' 
with existing agricultural technology 
can be obtained by comparison with 
yields on experiment stations and 
good farmers’ fields, However, soil, 
water supply, and other conditions 
may often he more favorable at ex¬ 
periment stations than those avail¬ 
able to the average farmer, and not all 
the inputs used on experiment sta¬ 
tions may be economic for the farmer 
under present conditions. 

The average yield of wheat in the 
United Kingdom has increased more 
or less linearly over the last twenty- 
five years, The yields in trials by the 
National Institute of Agricultural 
Botany have increased just as rapidly, 
and the highest yields obtained at 
Eothamsted Experiment "Station 
have increased even faster. In this 
case there is no evidence for a closing 
of the gap between national and ex¬ 
periment .station, yields in spite of 
rapid progress in national levels. With 
make in lows, on the other hand, 
Thompson (1975) has shown that 
average farm yield is rapidly ap¬ 
proaching experiment station yields 
in the state, suggesting that there may 
be little headroom for further ad¬ 
vance with present technology. 



Year 


Such a situation is not confined to the 
developed countries, In the Subang 
area of Indonesia, for example, Morris 
and co-workers (1977) found little or 
no gap between rice yields in farmers' 
fields and those achievable with 
high-input agronomy. An analysis of 
rice yields in the Philippines by 
Barker and colleagues (1977) also 
suggests that the gap is relatively 
modest, even though the highest 
yields on the field station of the In¬ 
ternational Rice Research Institute 
(IRRI) are more than four times as 
high as the national average. Because 
part of this difference is due to more 
favorable soil, water supply, and other 
site factors at IRRI, Barker and his 
colleagues carried out a large number 
of experiments on farmers' fields, 
applying fertilizers, insecticides, 
herbicides, and cultivara singly and in 
combination, up to the highest level 
used at IRRI. Under these conditions, 
the gap was reduced to a modest 26% 
in the wet season and 45% in the dry 
season, Moreover, these differences 
largely disappeared when account 
was taken of the economic profit¬ 
ability and risk in using the various 
inputs, except that additional fertil¬ 
izer on dry-season crops would have 
been profitable. In this case, then, the 
greater need is for new technology 
rather than for the further diffusion 
of existing technology. 

Record crop yields are of two types. 
There are the annual records, which 
give a realistic indication of the yield 
that can be obtained with current 
technology. For wheat in the United 


Kingdom these are commonly lie- 1 
tween 10 and 11 t.ha" 1 , which is twice j. 
the 1978 record national average l. 
wheat yield of 5.3 t.ha" 1 (cf. Fig. 1). |: 
For rice crops in Japan, the animal 
record yields are usually between 8 
and 9 f ha"" 1 of brown rice, as com¬ 
pared to the national average of 5.0 'i 
t.ha” 1 in 1978. Then there are the I; 
truly exceptional record crops, such 1 
as that of Gaines wheat grown by W. f 
Huppert in Washington State, which f; 
yielded 14.5 t.ha" 1 . Such record yields j. 
are due to rare combinations of tim- i 
ing and conditions and are therefore I 
often of long standing. They give little j 
guide to what is agriculturally plan- . 
sible. | 

Neither, at this stage, do estimates of !■' 
maximum crop yields, Even for wheat {:-• 
and rice, the crops for which our un- 1 
demanding of yield development is f 
strongest, such estimates (several of [; 
which I have made myself) are at test f 
an expression of opinion, and opin- 1 
ions differ widely, over a threefold ’V 
range for both crops. My impression t 
is that recent advances in our under- \ 
standing of the basis of crop yields ; 
bring estimated potential yields ■ 
rather closer to most record yields, to V 
within say 25-50% of them. f. 

On the assumption that there is a hi- | 
ological limit to yield per hectare per 
crop, and given the curvilinear form . 
of early yield increase, evident in 
Figure 1, the broad shape of the ulti* \ 
mate yield curve will probably U A 
sigmoid. In the short term, however, j; 
the curves can be quite irregular, as in | 
the case of rice in Japan in this ce-n- |' 
tury clue to changing government | 
policies and price relativities. Many | 
crops in many countries still appear § 
to be in the early, exponentially rising t 
phase of yield increase. Wheat in 
England appears now to be in the |v 
middle, more or less linear phase, |' 
while maize in the United States ami | 
rice in Japan may be approaching t he | 
phase of declining rates of increase in §: : 
yield per hectare. f' 

Before leaving the subject of yield j, 
increase, one aspect with important S 
policy implications should he men¬ 
tioned at least briefly, since it influ¬ 
ences the formulation of policy for 
food reserves. Do crop yields become 
more or less reliable with progress up 
the yield ladder? In recent years food , 
reserves have fallen below the world 
requirement for four weeks, putting ; 
them within the range of annual I 
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variation in total food production. As 
we shall see later, there are some 
components of yield increase which 
could make it more susceptible to 
variability in the weather, others 
which make it less so. However, it 
appears that for wheat in England 
(Stanhill 1976) and for several crops 
in the United States (Luttreli and 
Gilbert 1976) the annual variability in 
yield has not increased as a propor¬ 
tion of yield, although it has of course 
increased in absolute magnitude as 
yield has increased. High-yielding 
crops are neither more nor less sus¬ 
ceptible to annual variation. 

Differences in yield 
among crops 

Although about 300 to 400 plant 
species have been used as crops, rep¬ 
resenting 0.1% of all higher plants, 
mankind is increasingly dependent on 
a relatively small number of plants for 
the staple foods. There is no wholly 
satisfactory way of comparing the 
importance of the various crops, but 
Figure 5 attempts to do this by 
showing the relative dry-matter pro¬ 
duction of the major foods in the 
world. Such a presentation does not 
do justice to the special value of cer¬ 
tain foods because of their content of 
protein or of other constituents. Nor 
does it differentiate between what 
people eat directly, what they process, 
and what they feed to animals. Nev¬ 
ertheless, the dominance of the cere- 
ala—-especially wheat, rice, maize, and 
barley—is clear. Moreover, this 
dominance is increasing because ce¬ 
reals tend to replace lower-yielding 
and less responsive crops. Both in 
India and Africa, for example, cereals 
are displacing the traditional and 
cherished pulses (grain legumes). 
Although at first sight such dis¬ 
placement might appear to reduce the 
nutritional value of local diets, it has 
been shown in several cases that this 
is not so, the extra calories being of 
more value than the higher percent¬ 
age of protein in the earlier diet. 
Nevertheless, excessive displacement 
of pulses by cereals could have dis¬ 
advantages not only in terms of mo¬ 
notony and poorer balance of diet but 
also in terms of the maintenance of 
soil fertility, the control of pests and 
disease, and the stability of farming 
systems. 

World average yields for all the pulse 
crops are only half those for all cere¬ 
als, and have shown a slower rate of 
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Figure 5, World production for the 20 major modity in 1975 (based on FAO statistics); solid 

foods gives some indication of their relative bars are proportional to estimated total dry- 

importance. The length of the open bar is matter production, 
proportional to harvested weight of the com- 


increase in recent years. Record yields 
are also much lower. Because of the 
higher calorific content of protein and 
lipids in the oilseed crops such as 
soybean, rape, and sunflower, the 
seed yields of pulse and oilseed crops 
would be expected to be lower. From 
comparisons of the known energy re¬ 
quirements of the various metabolic 
pathways, equivalent seed yields 
would be about 60 for rapeseed, 70 for 
soybean, 90 for peas, and 100 for 
wheat and maize. 

Other factors may also be involved in 
low yields of pulse crops. The higher 
protein content of pulse seeds may 
require early mobilization of protein 
out of the leaves, leading to a decline 
in their capacity for further photo¬ 
synthesis. There is still debate, too, as 
to whether the maintenance of sym¬ 
biotic nitrogen fixation by legume 
root systems imposes an additional 
energy cost, reducing that available 
for storage in seeds. The growth habit 
of legumes, and particularly their 
progressive flowering and seed setting 
compared with the synchronous 
flowering of cereal crops, may also 
reduce their yield potential. A better 
understanding of the physiology of 
yield in legume crops is needed before 
we can assert that their yield poten¬ 
tial is less than that of cereals. 


Even among the cereals it is difficult 
to make valid comparisons, because 
they occupy quite different environ¬ 
mental niches and perform best 
under different conditions. The av¬ 
erage world yield of wheat is much 
lower than that of rice, but to judge 
from record yields its potential is at 
least as high as that of rice. Likewise 
the yield potential of sorghum is as 
high as that of maize. But wheat and 
sorghum are grown primarily in more 
arid environments, hence their lower 
average yields. The record yields and 
maximum growth rates of sorghum 
and maize, both plants with the C 4 - 
dicarboxylic acid pathway of photo¬ 
synthesis, are far higher than those of 
wheat and rice, which have Calvin- 
cycle (C3) photosynthesis. But the C 4 
plants are adapted to summer growth 
at high temperatures and light in¬ 
tensities, whereas the C3 cereals (ex¬ 
cept rice) usually grow at much lower 
temperatures and light intensities, 
making comparisons difficult. Both 
kinds of crops are needed to exploit 
the full range of agricultural condi¬ 
tions. 

Plant breeding 

The contributions of plant breeding 
to crop yield can be grouped into five 
categories. First is the closer adapta- 
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Grain yield at moderate fertility level 
(t.ha - dry wt.) 

Figure 7, Dry-weight yields of grain at high and 
at moderate levels of fertilizer application are 
shown for 12 varieties and lines of winter wheat 
grown at Cambridge, England, in 1978, Lodg¬ 
ing was prevented and diseases controlled. The 
lack of pronounced upward curvature indicates 
that the higher yielding varieties are not spe¬ 
cifically adapted to high-fertility conditions. 
(After Austin et al. 1980.) 
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Figure 6, The yield potential of winter wheat high baking quality is apparent. (Data based 
varieties in the United Kingdom has increased on results of trials by the National Institute of 
progressively, and most rapidly in recent years, Agricultural Botany, in the United 
The substantial yield penalty for varieties of Kingdom.) 


tion of the crop to local environmen¬ 
tal conditions and stresses, as already 
discussed. Second is selection for re¬ 
sistance to pests and diseases, which 
may either increase yield or play a 
crucial role in maintaining it in the 
face of the continual appearance of 
new biotypes of pests and diseases. So 
rapid may this latter process become 
when single crop varieties are grown 
over large areas, and so important is 
genetic resistance, that this compo¬ 
nent of plant-breeding programs may 
sometimes crowd out the other as¬ 
pects. ' 

Third, plant breeders must select for 
suitability to continually changing 
agronomic practices. Reducing crop 
height to prevent lodging (i.e. the 
falling over of the plants).at progres¬ 
sively higher rates of fertilizer appli¬ 
cation is the best known example of 
this, but resistance to herbicides and 
other agrochemicals is also needed 
and must be foreseen. For example, 
few foresaw how rapidly the avail¬ 
ability of cheaper nitrogenous fertil¬ 
izers would increase their use, but 


fortunately dwarf forms of both \ 
wheat and rice were available from f 
China and Japan, where high levels of j 
organic fertilizers had long been f 
used. | 

Fourth, plant breeders have selected I 
plants with progressively higher yield 1 
potential—i.e. yield under favorable I 
conditions when pests, diseases, \ 
weeds, lodging, and other stresses are k 
controlled. The extent and nature of 
these changes are assessed below. 

Fifth, the plant breeder has often 
been constrained by requirements for ■ 
qualities other than yield, such as ] 
protein or oil content, baking quality, j 
etc. These may exact a penalty in crop ; 
yield either directly or by adding to f 
the complexities of the breeder’s task • 
(cf. Fig. 6). ■[:■ 

In order to assess the increase in yield ; 
potential it is not sufficient merely to !;■ 
compare the yield of old and new va- ; 
rieties under present conditions. The : 
older varieties are often not adapted [. 
to current levels of fertilizer use or " 
spacing of plants, they may be sensi¬ 
tive to the herbicides and other 
agrochemicals used, and they may not 
be resistant to current pest and dis¬ 
ease biotypes. Thus, they are best 
compared under the conditions to 
which they were adapted, and this ■- 
may be done by combining the results 
of national yield trials over a period of 
years, Figure 6 shows the accumu¬ 
lated results for winter wheat in the 
United Kingdom. The average rate of , 
increase in yield potential has been 
about 0.9% per year, but progress has ' 
been irregular—slow through the 
early 1960s but rapid more recently J 
when semidwarf varieties were in- | 
troduced. Such use of national yield 
trial results may tend to overestimate : 
the rate of progress because the] 
leading varieties, in their last years as l 
the trial standard, may become sus-; 
ceptible to new strains of disease or- 1 
ganisms. We therefore made a direct [ 
comparison of yields of some of the i? 
varieties included in Figure 6, at both f' 
high- and low-input levels, under! 
conditions where lodging was pre- > 
vented and diseases and pests were 
controlled. As Figure 7 shows, the 
results indicate an increase in yield 
potential of about 40% since Little 
Joss was introduced in 1908, some¬ 
what less than Figure 6 would suggest. 
Several comparable estimates have 
been made—for wheat, oats, and 
maize in the United States, for ex¬ 


ample-giving values of 0.5-1% per 
year increase in yield potential. 

By comparing these rates of increase 
in varietal yield potential with the 
rate of increase in national yields, we 
can estimate the contribution of im¬ 
proved varieties to increased national 
yields. The most satisfactory analyses 
of this kind have been made by Silvey 
(1978) for wheat in the United King¬ 
dom, because the extent of use of new 
varieties was allowed for. Over the 
whole period of her analysis, the in¬ 
troduction of new varieties contrib¬ 
uted about half of the increase in na¬ 
tional wheat yield, and most of it 
since the introduction of the short- 
strawed varieties. In Mexico, on the 
other hand, I estimate the increase in 
varietal yield potential since 1950 to 
have been 0.9% per year compared 
with 5.2% per year increase in average 
wheat yield. Thus, most of the in¬ 
crease in Mexican wheat yields has 
come from improved agronomy 
rather than from improved varieties, 
probably because of the great scope 
for agronomic improvement given the 
low initial yields. By and large, the 
higher the yield level becomes, the 
greater the proportional contribution 
of improved varieties to further yield 
increase is likely to be. 

Physiological basis of 
increased yield potential 

Some idea of the nature of increased 
yield potential can be gained by 
comparing recent varieties with older 
ones, with traditional varieties, and 
with the wild relatives of the crop 
plants. Such studies on a number of 
crops reveal a fairly consistent picture 
of the changes that have occurred 
since domestication.'Seed size has 
increased, and leaf size in parallel 
with it in some cases, leading to larger 
seedlings which form a closed canopy 
more rapidly, Despite this, however, 
the relative growth rate of seedlings 
of a particular size has not increased 
during domestication in wheat, maize, 
tomatoes, cowpeas, and other crop 
plants (Evans 1976b). Equally unex¬ 
pected, there is no evidence of any 
increase during domestication in the 
maximum photosynthetic rate per 
unit of leaf area in wheat, rice, maize, 
sorghum, millet, sugarcane, cotton, 
and other crops. Once the crop cano¬ 
py has closed, this rate is an impor¬ 
tant determinant of growth, and se¬ 
lection for faster rates of photosyn¬ 
thesis might have been expected. 


"improved variety 


traditional variety 
(lodging prevented) 



Figure 8. The yield of grain is shown in relation tivity of the. traditional and improved varieties 
to the level of inputs, especially nitrogenous changes greatly with the conditions under 


fertilizer, for an improved cereal variety, a . which they are grown. The three points for the 
traditional variety in which lodging is pre- improved variety at low levels of inputs reflect 
vented, and a traditional variety with lodging various research findings 
at high-fertility levels. The relative produc- 


Since this hasn’t happened, crop 
growth rate is no greater in high- 
yielding varieties than in their pre¬ 
decessors, as has been shown in rice, 
peanuts, and other crops. 

Where, then, does the increased yield 
potential come from? Consider for a 
moment the various members of the 
cabbage species. The major difference 
among these closely related crops lies 
in where they invest their accumu¬ 
lating substance—in leaves (kale and 
cabbage), axillary buds (Brussels 
sprouts), inflorescences (broccoli and 
cauliflower), or stem tissue (kohlrabi). 
Similarly, greater yield potential in 
other crops has come from selection 
for an increasing proportion of crop 
substance in the organs we wish to 
harvest, whether they be seeds, pods, 
leaves, stems, tubers, or roots. This 
proportion, called the harvest index, 
has increased substantially and pro¬ 
gressively in many crops, resulting in 
larger yields even though there has 
been no increase in the rates of pho¬ 
tosynthesis and growth. 

In the early stages of domestication, 
the harvest index could probably be 


increased without impairing the 
growth of the crop, but further prog¬ 
ress is likely to depend on the use of 
supportive inputs. In the absence of 
weed control, for example, a tall crop 
with large, light-excluding leaves and 
an aggressive root system has a com¬ 
petitive advantage. When weeds are 
controlled by herbicides, the crop can 
be selected for smaller, more upright 
leaves and shorter stems, thereby 
freeing assimilates for storage in the 
harvested organs. When pests, dis¬ 
eases, and other stresses are con¬ 
trolled, the reserves previously 
needed for recovery can be stored in 
the harvested organs. In a similar 
manner, the provision of fertilizers 
and water could allow selection for a 
reduced root system. 

Consequently, although the improved 
varieties are likely to be higher 
yielding when the level of agronomy 
allows their greater potential to be 
expressed, they may not always be 
superior to traditional varieties under 
low-input conditions. Indeed, tradi¬ 
tional varieties may sometimes be 
better adapted and higher yielding, as 
indicated in Figure 8. After all, they 
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have been selected under those con¬ 
ditions over long periods, Improved 
varieties, on the other hand, have 
been selected for their greater re¬ 
sponsiveness to fertilizers and other 
inputs across many environments: 
they should really be called high- 
potential rather than high-yielding 
varieties. When their yield is com¬ 
pared with that of traditional vari¬ 
eties, it, is important to specify the 
level of agronomy at which the com¬ 
parison is being made. At a high level, 
their yield may be several times 
higher than that of traditional vari¬ 
eties; at intermediate levels, their 
advantage may be quite modest; with 
zero inputs, they may be better or 
worse, depending on the conditions 
(cf, Laing and Fischer 1977). In this 
connection, the results in Figure 7 do 
not indicate preferential adaptation 
of the newer wheat varieties to high 
levels of fertilizer, since there is no 
pronounced upward curvature of the 
response. 

Although increases in yield potential 
so far have come from increases in the 
harvest index, which has now risen to 
more than 50% in wheat, there is 
clearly a limit to how much further 
. the harvest index can be raised. It 
seems unlikely that it will be able to 
rise much above 60% in the cereals, 
although it might go further in root 
and tuber crops, Further increases in 
yield potential will then depend on 
raising the rates of photosynthesis 
and growth. 

Why hasn’t this happened already, if 
only indirectly? One reason may be 
that the greater use of nitrogenous 
fertilizers has raised the rate of pho¬ 
tosynthesis as well as that of the ex¬ 
pansion of leaf area. Our work on the 
physiological aspects of evolution in 
wheat offers two more clues, in the 
' form of negative associations between 
maximum photosynthetic rate on the 
one hand and leaf size and the dura¬ 
tion of photosynthetic activity on the 
other. The wild species had the 
highest rates of photosynthesis, as¬ 
sociated with the smallest leaves and 
with their earliest senescence. Large 
leaves are of value in the early stages 
of crop growth—in hastening cover¬ 
age of the ground and increasing light 
interception—while continuing 

photosynthetic activity is important 
in the later stages in order to sustain 
prolonged grain growth. An optimi¬ 
zation process would therefore re¬ 


strict the extent to which photosyn¬ 
thetic rate could be raised. However, 
it may well be possible to break such 
negative associations, if indeed they 
exist in other crops, and thereby 
make possible selection for both 
higher photosynthetic rate and 
yield. 

Up to the present, however, we must 
conclude that although plant breed¬ 
ers have profoundly modified many 
of the regulatory processes in crop 
plants—such as those concerned with 
seed retention, the timing of the life 
cycle, and the partitioning of plant 
substance among various organs and 
compounds—they have not yet, suc¬ 
ceeded in modifying the assimilatory 
processes, 

Annual productivity 

So far we have been mainly concerned 
with yield per crop. In cool, temperate 
regions where only one crop per year 
can usually be grown, this is equiva¬ 
lent to the annual yield. But in trop¬ 
ical countries temperature and light 
conditions often permit crop growth 
at all seasons, and two, three, or more 
crops can be harvested each year. 
Double cropping has been practiced 
in southern China since Sung times, 
and is increasingly used in developing 
countries as population pressure 
makes it necessary and as more 
widespread irrigation makes it pos¬ 
sible. At the International Rice Re¬ 
search Institute, three crops of rice 
have been grown every year since the 
Institute began in 1960, with annual 
grain yields of up to 26 t.ha -1 , 

Because high temperatures reduce 
the duration of grain growth in cereal 
crops, thereby limiting their yields, 
the greatest productivity per year in 
the tropics will probably be achieved 
by attempting to maximize the 
number of crops rather than the yield 
of each, It should be possible to 
shorten the life cycle of rice suffi¬ 
ciently to fit in four crops per year, 
and although this will undoubtedly, 
reduce the yield potential per crop, it 
could nevertheless increase annual 
grain production substantially. 

Yield per day rather than per crop 
may therefore become the most im¬ 
portant criterion of crop yield in 
many developing countries, and this 
measure will have many implications 
in relation to the use of agricultural 


inputs. Multiple cropping, even in the : 
tropics, is possible only when each k 
crop grows rapidly (requiring ample 
fertilizers and effective weed control) . 
and is quickly harvested and replaced 
by the next crop (requiring mecha- [• 
nization and minimum tillage tech- * 
niques). With almost continuous | 
culture of the staple crop, moreover, | 
its pests and diseases tend to build 
up, and their effective control be¬ 
comes more difficult than with only 
one crop per year. 

We have seen that there are many 
different criteria for assessing the 
yield of crops, each bringing its own 1 
insights and each most relevant to 
certain conditions. Given the in- ; 
creasing limitations on the area of : 
arable land available, yield per hec- ' 
tare per crop is currently the most ; 
widely used measure. In recent years 
most of the increase in crop produc¬ 
tion in developed countries, and : 
about half that in developing n 
countries, has come from increased h 
yield per hectare. This has been as- 
sociated with a rapid rise in the use of ; 
fertilizers and other agronomic in- ’ 
puts, and it is the route now being 
looked to by China and by many de- ; 
veloping countries that want to in¬ 
crease their food production fur¬ 
ther. 

Yet there is also much complaint that 
this may be an undesirable road to 
follow, because it breaks down tradi¬ 
tional farming systems, increases in¬ 
dependence on fossil fuels and other : 
nonrenewable resources, gives rise to L 
complex agronomic and social prob- U 
lems, and often disadvantages the 
small farmer (Evans 1976a). There is i 
much truth in these and many other 1 
criticisms of highly technological ag¬ 
riculture, even though it may often be 
the social context rather than the 
agricultural technology per se that , 
causes the problem. Undoubtedly ; 
there is ample scope for ingenuity in 
modifying high-input agriculture to 
make it better suited to the needs of ; 
developing countries. But, as we have : 
seen, if yields must be increased, so H 
must inputs. It is futile—indeed J 
harmful—to expect that yields can 
continue to be raised simply by ; 
breeding superior new varieties. 
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C. R, Gallistel 


From Muscles to Motivation 


Three distinct kinds of elementary units of behavior 
combine to form complex units whose coordination 
by selective potentiation and depotentiation yields 
motivated behavior 


1 : 

i 

f 


There is a conceptual chasm between 
muscles and motivation. We under¬ 
stand a jjjreat deal about the contrac¬ 
tion process in muscle and about the 
mechanisms that convey contrac¬ 
tion-initiating signals to muscle along 
axons and across synapses. We also 
understand something about how 
these signals are patterned by neural 
circuitry in the spinal cord. Together 
these materials form the core of 
modern courses in neurophysiology. 
They are the terra firms on one side 
of the chasm. On the other side is our 
understanding of the physiological 
variables and neural substrates for 
elementary motivational pro¬ 
cesses- thirst, hunger, and concu¬ 
piscence. This material forms an im¬ 
portant part of modern courses in 
physiological psychology. Here, too, 
there is a certain amount of terra 
firms, The chasm yawns when we ask 
how the motivational signals that 
arise in and around the region of the 
brain known as the diencephalon (see 
Pig. 1} eventuate in the intricately 
patterned muscular activity that we 
call motivated behavior, 

This essay attempts to bridge the 
chasm, proceeding by sections, The 
first section distinguishes between 
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elementary and complex units of be¬ 
havior, behavior being understood to 
mean any naturally occurring mus¬ 
cular or glandular action or pattern of 
action. I argue that there is an explicit 
way to decide whether or not a neu¬ 
robehavioral entity is a unit of be¬ 
havior, and if it is, whether elemen¬ 
tary or complex, The second section 
presents three distinct types of ele¬ 
mentary units: the reflex, the oscil¬ 
lator, and the servomechanism. These 
units are neurobehavioral entities 
that can be characterized both in be¬ 
havioral terms and through describ* 
able neural circuitry that makes 
possible their behavioral properties, 
By building on these foundation 
stones, it is possible to link the con¬ 
cept of motivation in behavior to an 
explicit, conception of the underlying 
neurophysiological structures and 
processes. 

The third section briefly considers 
some principles that govern the in¬ 
teraction of elementary units of be¬ 
havior when, as is almost always the 
case, several units are active simul¬ 
taneously. A grasp of one of these 

principles.- The principle underlying 

oscillator - coupling—is. a necessary 
background for the ensuing portrait 
of a complex unit. The fourth section 
uses the modern neurobiological un¬ 
derstanding of the processes under¬ 
lying locomotion to show how ele¬ 
mentary units of behavior may be 
combined by coordinative circuits to 
create complex units of behavior, 
These complex units may exhibit a 
consistent function (for example, 
forward progression) achieved by 
means of diverse outputs (for in¬ 
stance, diverse stepping patterns) on 
diverse occasions, Each of these out¬ 
puts is generated by the same 
underlying mechanism; their diver¬ 


sity is achieved by varying only one 
parameter. 

A fifth section elaborates on the 
properties of complex units of be¬ 
havior and the light these properties 
throw upon some longstanding 
problems in behavioral and neuro¬ 
behavioral analysis. This leads to the 
sixth section, which points out that 
higher-level circuitry coordinates the 
activities of the lower circuits pri¬ 
marily by regulating their potential 
for activation, a phenomenon I term 
selective potentiation and deputed 
tiation, Five examples of this phe¬ 
nomenon carry us from a very low 
level in the hierarchy of neurobekv- 
ioral units to a very high level--a level 
at which motivational processes are 
being described, In this way it is pos¬ 
sible to progress from the muscle to 
the motor neuron, and thence to ele¬ 
mentary neurobehavioral circuits, to 
complex coordinations, and finally to 
the controlled deployment of many 
complex coordinations that we rail a 
motivated pattern of behavior. 

Units of behavior 

The first step is to take the concept of 
units of behavior seriously, as Sher¬ 
rington (1947) did near the outset of 
his great work, where he gives & clear 
definition of elementary and complex 
units of behavior : 

The reflex-arc is the unit mechanism of. 
the nervous system when that system u 
regarded in its integrative function. Tin 
unit reaction in nervous integration k 
the reflex, because every reflex is an in¬ 
tegrative reaction and no nervous action 
short of a reflex is a complete act of inte¬ 
gration. The nervous synthesis of ait in- 
dividual.,. resolves itself into coordina¬ 
tion by reflex action. But though the unit 
reaction in integration is a reflex, not 
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every reflex is a unit reaction, since some 
reflexes are compounded of simpler re¬ 
flexes. Coordination, therefore, is.,. the 
compounding of reflexes. In this coordi¬ 
nation there are therefore obviously two 
grades [the elementary reflex or elemen¬ 
tary unit of behavior and the compound 
reflex or complex unit of behavior] [p. 7; 
italics in original], 

I adopt Sherrington’s criterion for 
identifying elementary and complex 
units of behavior: a neuromuscular or 
neuroglandular circuit mediates a 
unit of behavior if it contains within 
it all the functional elements neces¬ 
sary to explain the occurrence of 
muscular contraction or relaxation or 


complex? Again I follow Sherrington: 
a unit of behavior is complex if it may 
be broken down analytically into 
constituents that are units of behav¬ 
ior in their own right. A unit of be¬ 
havior is elementary if it cannot be 
further broken down into units that 
are still units of behavior. This prin¬ 
ciple for distinguishing between ele¬ 
mentary and complex units is used in 
other sciences as well. In chemistry, a 
substance is elementary if it cannot 
be broken down into anything that is 


havior, properly so called, the sepa¬ 
rable operations of the constituents 
are integrated to produce a function 
that no one constituent performs by 
itself. Superordinate neural circuitry 
exerts a coordinative influence on the 
circuits subserving the constituent 
units, creating a functionally cohesive 
pattern in the operation of the con¬ 
stituents. One example, elaborated on 
below, is the gait of a walking cock¬ 
roach. The rhythmic steppings of 
each leg are locked into a limited set 


glandular secretion under some nat¬ 
ural (nonexperimental) conditions. 
The necessary functional elements 
are those Sherrington recognized: an 
effector, a conductor, and an initiator. 
For example, a reflex arc is a unit of 
behavior. Muscle is the effector, the 
axons and synapses in the arc are the 
conductor elements, and sensory re¬ 
ceptors are the initiator elements. By 
contrast, a motor unit, in Paul Weiss’s 
definition (1941), is not a unit of be¬ 
havior. A motor unit consists of a 
motor axon and the muscle fibers it 
innervates—an ensemble containing 
an effector and a conductor but no 
initiator. Signals do not naturally 
arise in vertebrate motor axons in the 
absence of input from presynaptic 
neurons. This unit, like an isolated 
receptor unit such as a rod in the 
retina, is a subbehavioral unit of 
analysis, just as a quark is a sub¬ 
atomic unit of analysis. 

The heart, on the other hand, con¬ 
tains a complete unit of behavior. 
Within the heart itself are all three of 
the elements that comprise an ele¬ 
mentary unit of behavior: effector, 
conductor, and initiator. Oscillatory 
electrochemical processes that gen¬ 
erate the rhythmic contraction of 
heart muscle take place in specialized 
pacemaker cells within the heart (and 
also, to varying degrees, in the muscle 
tissue itself). These pacemaker cells 
are the initiator. The rhythmic signal 
propagates to the heart muscle (the 
effector) over cells specialized for 
conduction. The rhythmic contrac¬ 
tion of the heart is an example of the 
output of an oscillatory unit of be¬ 
havior. 

Now that we have a criterion for de¬ 
ciding when we are dealing with a unit 
of behavior, how do we determine 
whether such a unit is elementary or 



Figure 1. In this view of the three classic tran- exhibits the kind of motivated behavioral se- 

sections (black lines), the cut at the left pro- quences that lead us to speak of hunger, thirst, 

duces the so-called “hindbrain" cat, whose fear, rage, and concupiscence. The conclusion 
behavior shows many fragments of the actions that the function of neural tissue in and around 
seen in intact cats; however, these fragments the diencephalon is to organize motivated be- 

are not integrated to form simple acts of the havioral sequences is further confirmed and 

whole animal such as locomotion or grooming, amplified by experiments in which discrete loci 
The middle transection results in the "mid- within this region are either destroyed or 
brain”, cat, which performs many simple acts electrically or chemically stimulated (see Gal- 
but does not integrate these acts to form mo- listel 1980, Chap. 9), (Figs. 1-4 and 6 are from 
tivated behavioral sequences. The cut at the Gallistel 1980, • by permission of Lawrence 
right creates the "diencephalic" cat, which Erlbaum Associates, Inc.) 


still a substance. Hydrogen and oxy- of phase relationships by the super¬ 
gen are elementary substances be- ordinate circuitry that controls 
cause they cannot be broken down walking, 
into other substances; water is a 

complex substance because it can be The existence of processes that con- 
broken down into hydrogen and strain a set of elementary units of 
oxygen. behavior to operate in accord with 

one or a few among many possible 
But what is the justification for call- patterns is a sine qua non for recog- 
ing certain collections of elementary nizing a complex unit of behavior. A 
units of behavior complex units? Is a second property of the true unit, 
randomly chosen set of elementary while not essential, is extremely 
units entitled to be called a complex common. This is the tendency of the 
unit? No. In a complex unit of be- unit to appear in many different be- 
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havioral contexts, that is, in combi¬ 
nation with many other units of be¬ 
havior. Again, walking illustrates the 
point unusually well. The coordina¬ 
tion of six legs that we call walking in 
the cockroach appears in an enor¬ 
mous variety of behavioral contexts. 
There is hardly a behavior of the 
roach as a whole that does not have 
walking as one of its constituents. 

This rationale for recognizing a com¬ 
plex unit is in no way peculiar to 
neurobehavioral analysis, but can be 
found also in chemistry, physics, and 
linguistics, to mention only a few of 
the sciences in which complex units 
are.recognized as such. Take, for ex¬ 
ample, the sentence—a complex unit 
in linguistics. A Sentence is a partic¬ 
ular combination of noun and verb 
phrases, which are complex units in 
their own right—particular combi¬ 
nations of certain kinds of words in a 
certain order. A given noun phrase 
may appear in many different simple 
sentences, and a given simple sen¬ 
tence may be recognized as a con¬ 
stituent of many different complex 
sentences. Similar observations may 
be made about complex units in bio¬ 
chemistry (for example, peptides and 
nucleotides) or about complex parti¬ 
cles in particle physics (for example, 
neutrons and protons). 

Elementary units 

This analysis parts company with 
Sherrington in recognizing more than 
one kind of elementary unit. For 
Sherrington there was only one 
kind—the reflex. In Sherrington’s 
day and since, the term “reflex” has 
been used in so many ways that it 
would be impossible to advance a 
definition that accorded with every¬ 
one’s usage. I adopt here a narrow 
definition, one that I think follows 
most directly from Sherrington’s 
concept of a reflex arc. A reflex is a 
neural circuit, commencing with 
sensory receptors and ending with 
muscular or glandular effectors, 
whose action satisfies two conditions: 
(1) The output to a unimodal stimu¬ 
lus is unimodal. That is, the response 
to a stimulus whose intensity rises to 
a single peak and falls away is a con¬ 
traction (or relaxation, or secretion) 
that likewise rises to a single peak and 
falls away, although not necessarily 
with the same time-course as the 
stimulus. In other words, in a reflex 
unit of behavior, repetitive effector 
action occurs only when there is a re¬ 


petitive stimulus. (2) In a reflex unit, 
the relation between effector output 
and receptor input either does not 
normally exist or, if it does normally 
exist, may be altered without altering 
the behavior of the unit. 

To see how restrictive this definition 
is, note that the first condition means 
that the scratch reflex has been mis¬ 
named. In the typology here sug¬ 
gested, it is not a reflex, because—as 
Sherrington emphasized—it involves 
a nonrepetitive or arrhythmic stim¬ 
ulus (the itch) that elicits a repetitive 
rhythmic effector action (the 
scratching). By the second condition, 
the optokinetic reflex (or reaction), a 
rotation of the eyes in response to 
rotation of the visual field, is also not 
a reflex. The output in this unit of 
behavior normally has a dramatic 
effect on the input, and altering this 
effect profoundly alters the behavior 
of the unit, as discussed in detail 
below. In short, I restrict the term 
“reflex” to exclude units that I believe 
ought to be recognized as distinctly 
different kinds of elementary units of 
behavior—the oscillator and the ser¬ 
vomechanism. 

Sherrington’s commitment to the 
reflex as the unit of behavior grew out 
of his belief that the function of the 
nervous system was to be understood 
entirely in terms of the conduction of 
neural activity: “From the point of 
view of its office as integrator of the 
animal mechanism, the whole func¬ 
tion of the nervous system can be 
summed up in the one word, con¬ 
duction” (p. 8; italics in original). 

Although Sherrington knew about the 
endogenous rhythm of contraction in 
heart muscle (indeed, Harvey had 
remarked on it in his famous treatise), 
he, like nearly all of his contempo¬ 
raries, never seriously considered the 
possibility that neurons originate 
patterned discharges in the absence 
of sensory input. To concede that the 
neural activity underlying function¬ 
ally patterned muscular activity could 
have a purely endogenous origin in 
the central nervous system no doubt 
sounded too much like vitalism, 
against which the nascent science of 
behavioral neurobiology was still 
struggling. 

We now know that the pacemaker 
cells found in the heart are not pecu¬ 
liar to the heart: analogous cells are 
found in the central nervous systems 


of many, if not all, species. When : 
these pacemakers initiate rhythmic 
discharges in motor neurons that ; 
eventuate in rhythmically patterned 
muscular contractions, we are dealing i 
with a different kind of elementary 
unit: an oscillator. In other words, in 
a reflex the initiator element is a re- ; 
ceptor, in an oscillator it is a pace- r 
maker. 

f 

A notable development in motor- [ 
system neurobiology over the past 
decade has been, the broadening I 
awareness of the importance of cen- ■ 
tral pacemakers in the timing of : 
motor outputs (cf. Herman et al. / 
1976). A growing body of electro- 
physiological data (cf. Kennedy and ; 
Davis 1977) has brought a long-over- t 
due appreciation of von Holst’s sem- ' 
inal work (1937) on the mechanisms ■ 
of oscillator coupling and the role of 
coupled-oscillator systems in behav¬ 
ior (see Gallistel 1980 for elabora- r 
tion). 

In a reflex, the form and amplitude of 
the output are determined by what K 
happens to the signal generated at the l 
receptor as it is conducted around the . 
arc. The behavior of a reflex unit as 
defined here is completely charac- , 
terized as soon as the relation he- ■ 
tween receptor input and effector ; 
output is described .In linear systems \- 
terminology, the transfer function P 
from receptors to effectors is the only V 
transfer function it is necessary to ■ 
know in order to compute an output, ; 
given an input. 

This view is inherent in the reflex j 
concept. It had almost the character | 
of a self evident truth in the thinking p 
of Sherrington and his many follow- |; 
ers. There are, however, elementary: 
neurobehavioral circuits, consisting | 
of receptors, conductors, and effcc- | 
tors, whose output cannot be even | 
approximately calculated given only | 
the input and the “neural transfer I 
function,” that is, the transfer func- | 
tion from receptors to effectors. | 
These neurobehavioral units are ser- | 
vomechanisms, or servocircuits. I 

The defining properties of an ele- . 
mentary servomechanism are: (1) In. J 
normal operation there is negative f 
feedback from its output to its input, I 
That is, the output tends to reduce I 
the input that caused that output in I 
the first place. (2) The parametric § 
properties of the neural circuitry that | 
translates the input into an output | 
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are comprehensible only when this 
negative feedback is taken into ac¬ 
count. Because of the negative feed¬ 
back, the neural circuit will not 
achieve its intended behavioral 
function unless it has certain para¬ 
metric properties—properties that 
would make no functional sense if the 
circuit were conceived of as a reflex. 
One such property, described below, 
is high gain. 

Recent work in behavioral neuro¬ 
biology makes it possible to illustrate 
the distinction between a reflex and 
a servomechanism with unusual pre¬ 
cision. Baarsma and Collewijn (1974) 
used linear systems methods to de¬ 
termine the transfer functions for 
both the vestibulo-occular reflex and 
the optokinetic reaction in the rabbit. 
The first of these neurobehavioral 
units is a reflex, while the second is a 
servomechanism, yet they have nearly 
the same function and employ the 
same motor neurons and muscles. 
The vestibulo-occular reflex is a 
counter-r otation of the eyes; it occurs 
when receptors in the vestibular ap¬ 
paratus adjoining the middle ear 
sense a rotation of the head. The op¬ 
tokinetic reaction is a rotation of the 
eyes in the same direction in which 
the visual field rotates; it occurs when 
circuits in the retina sense the image 
of the field moving across the photo¬ 
receptive surface. Both the vesti¬ 
bulo-occular reflex and the optoki¬ 
netic servomechanism serve to reduce 
the rate at which images sweep across 
the retina when the rabbit rotates. 

In experiments testing the vesti¬ 
bulo-occular reflex, a rabbit is 
strapped to a turntable and rotated 
back and forth in a dark room (so that 
there is no visual input and the op¬ 
tokinetic reaction is inoperative). The 
amplitude of the back-and-forth ex¬ 
cursions is held constant but their 
frequency is varied. The angular ac¬ 
celerations and decelerations during 
the back-and-forth rotation excite the 
rabbit’s vestibular system, producing 
counter-rotation of the eyes, which is 
then measured. The rotation of the 
eyes, of course, has no effect on the 
input seen by the vestibular system. 
That is, we are dealing here with a 
reflex, not a servomechanism. 

In order to conduct a comparable 
experiment on the optokinetic unit, 
it is necessary to prevent eye rotation 
from having any effect on image ve¬ 
locity; Ordinarily there is feedback 


from output to input in this reaction. 
The rotation of the eyes slows down 
the slippage of the image across the 
retina, which is the proximal stimulus 
for the reaction. The negative feed¬ 
back effect of eye rotation on image 
velocity is prevented by anchoring the 
eye that sees the visual field so that it 
cannot rotate. The other eye is cov¬ 
ered so that it does not see the visual 
field but is free to rotate. Its ampli¬ 
tude of rotation is measured while the 
visual field (the vertically striped in¬ 
terior of a cylinder) is rotated back 
and forth. Thus the input falls on one 
eye while the other eye produces the 
output. 

The most striking difference between 
the reflex circuit and the servocircuit 
is seen in their gains. The reflex cir¬ 
cuit has a gain of about .8 at the op¬ 
timum back-and-forth frequency. 
That is, the velocity of the eyes’ 
counter-rotation is eight-tenths of the 
velocity of the head’s rotation. The 
gain of the optokinetic circuit, on the 
other hand, ranges from 20 to 100! 
When the image moves across the 
retina of the fixed eye at .05° of visual 
angle per second, the unfixed eye ro¬ 
tates at 1° per second or faster. 

Both of these elementary units of 
behavior have the same function- 
slowing the rate at which the image of 
the visual field sweeps across the 
retina when the rabbit rotates. The 
amplification characteristics of the 
two circuits differ by more than an 
order of magnitude because one unit 
is a reflex and the other a servome¬ 
chanism. The vestibulo-occular reflex 
operating by itself with a gain of .8 
would reduce the slippage of the vi¬ 
sual field across the retina by a factor 
of five. A head rotation at a velocity of 
1° per second results in an image 
slippage of .2° per second, the other 
.8° per second being canceled by the 
counter-rotation of the eyes. In order 
to achieve a similar efficiency, the 
neural portion of the optokinetic 
servocircuit must have a gain of four! 
When the eyes rotate in response to 
the slippage of the image, their rota¬ 
tion reduces the slippage. But the 
slippage of the image is the stimulus 
for the eyes’ motion, It is inherent in 
a servosystem that the negative 
feedback from output to input re¬ 
duces the stimulus for action. To 
overcome this, a little stimulus must 
produce a lot of action, that is, gain 
must be high; The high gain in the 
neural circuitry subserving the opto¬ 


kinetic reaction is dictated by—and 
is functionally comprehensible only 
in the light of—the negative feedback 
from output to input. It is to be ex¬ 
pected in a unit that is a servome¬ 
chanism rather than a reflex. 

Another important difference be¬ 
tween the two circuits is seen in the 
maximum acceleration they can pro¬ 
duce. The servocircuit is more 
sluggish than the reflex circuit; hence 
it responds very poorly when the fre¬ 
quency of back-and-forth rotation is 
high. The sluggishness of the optoki¬ 
netic circuit is dictated by two aspects 
of its situation: (1) the output feeds 
back on the input; and (2) there is (in 
both units) an unavoidable delay on 
the order of 100 msec between a 
change in input and the onset of an 
answering change in output. The 
sluggish acceleration (poor high-fre¬ 
quency response) is necessary in order 
that the servo-unit not display un¬ 
stable, nonfunctional oscillations in 
response to high-frequency jitter in 
the image of the visual field. 

In sum, although both reflex units 
and servo-units have neural circuitry 
consisting of receptors, conductors, 
and effectors, there are cogent rea¬ 
sons for treating servocircuits as a 
distinct kind of elementary unit of 
behavior. The properties of a servo¬ 
circuit, such as its gain and accelera¬ 
tion, and the behavior that the unit 
will display are comprehensible and 
predictable only when the relation 
between output and input is taken 
into account. This relation need not 
be considered in analyzing a reflex 
circuit and predicting the behavior it 
will display. 

I think it likely that there are still 
other kinds of elementary units of 
behavior in addition to the three I 
have just defined, but not a great 
many more—a number nearer 10 
than 100. In any event, we can safely 
assume that the reflex, the oscillator, 
and the servomechanism are promi¬ 
nent among the elementary units of 
behavior. Many complex units of be¬ 
havior can be seen to be compounds 
of these three kinds of units. 

Principles of interaction 

When elementary units function si¬ 
multaneously or in immediate se¬ 
quence there are distinct principles 
that mediate their interaction. Sher¬ 
rington identified at least three such 
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principles: reciprocal facilitation be¬ 
tween agonistic units, reciprocal in¬ 
hibition between antagonistic units, 
and reflex chaining. Along with the 
recognition of other kinds of units has 
come the recognition of other kinds of 
interactions. 

Oscillators, for example, interact by 
what von Holst (1937 and 1973) 
termed the magnet effect, which is 
observed when one pacemaker sends 
an entraining or coupling signal to 
another and the recipient responds 
with phase-dependent acceleration or 
deceleration. That is, the receiving 
pacemaker either speeds up or slows 
down, depending on its phase at the 
moment the signal is received. The 
response of marchers to the beat of a 
drum is phase-dependent in this way. 
A marcher slows his step if the drum 
beat is heard after his foot strikes the 
ground but speeds his step if the beat 
is heard before the foot makes con¬ 
tact. The neural pacemaker that 
times the rowing motion of a crayfish 
swimmeret responds in just this way 
to the coupling signals it receives from 
pacemakers controlling other swim- 
merets (Stein 1971). 

Phase-dependent responses to cou¬ 
pling signals sent back and forth be¬ 
tween pacemakers are the means by 
which an assemblage of oscillators 
entrain one another, that is, establish 
and maintain either a fixed phase 
relationship or a fixed temporal re¬ 
lationship between their rhythmic 
outputs. Take, for example, the 
pacemakers on either side of the 
ganglion that controls the hind limbs 
of a cockroach. These pacemakers run 
180° out of phase with one another, 
with the result that the opposing legs 
always step in alternation. The fixed 
phase relationship between the 
pacemakers is maintained by an ex¬ 
change of coupling signals. 

Take as a further example the three 
pacemakers arrayed along the side of 
a cockroach, one for each of the three 
legs on a side. To a first approxima¬ 
tion, there is a fixed temporal rela¬ 
tionship in the outputs of the same¬ 
sided pacemakers. The stepping 
pattern along one side of the for¬ 
ward-moving roach runs from back to 
front: first the hind leg steps; at a 
fixed interval thereafter the middle 
leg steps; after another fixed interval 
the front leg steps. When the slowly 
walking cockroach turns on the speed 
by increasing the frequency of 




Time (seconds) 

Figure 2, When the temporal lag between os¬ 
cillators is fixed, the phase difference depends 
upon how rapidly the oscillators are cycling, 
because the phase difference is equal to the lag 
divided by the time required to complete one 
cycle. If the oscillators complete a cycle once 
every 2 seconds and one lags behind the other 
by Vg of a second (above), the phase difference 
is V 12 of a cycle, or 30°. If they complete a cycle 
once every l k of a second (below), then the 
phase difference is half a cycle, or 180°. 


stepping, these intervals remain al¬ 
most constant. Hence the phase re¬ 
lationship between same-sided legs 
changes (Fig. 2). This changing phase 
relationship explains the different 
gaits, or footfall patterns, observed in 
insects (cf. Wilson 1966 and Fig. 5). It 
is likely that the fixed temporal rela¬ 
tionship between the outputs of 
same-sided pacemakers is maintained 
by circuits that carry coupling signals 
from pacemaker to pacemaker (cf. 
Stein 1971). 

Entrainment by means of coupling 
signals that produce phase-depen¬ 
dent acceleration or deceleration, 
then, governs interactions between 
oscillators. A principle that may 
govern interactions among units of 
any kind is the cancellation of reaf- 
ference by efference copy—a princi¬ 
ple given its clearest formulation in 


the classic paper by von Holst and 
Mittelstaedt (1950). In the course of 
producing output, a unit of behavior 
invariably generates sensory input. 
Self-generated sensory input is called 
reafference because it is a result of the 
animal’s own action. (Sensory input 
generated by external events is 
termed exafference.) 

Reafference is potentially trouble¬ 
some, since it is likely to trigger other 
responses that are functionally 
counterproductive. The occurrence of 
such responses is, however, antici¬ 
pated and prevented by means of ef¬ 
ference copy. An efference copy is a 
copy of the command that caused the 
reafference-generating action. The 
reafference, since it is generated by 
the action, may be predicted from the 
command that initiates the action. A 
suitably scaled copy of the command 
signal may therefore be used to null¬ 
ify the reafference that the action 
generates, preventing units whose 
action would be counterproductive 
from “seeing” the reafference. 

The complex unit 

In the course of his work on the de¬ 
velopment of coordination, Paul 
Weiss (1941) provided compelling 
demonstrations of the unitary char¬ 
acter of complex coordinations, par¬ 
ticularly the coordination of the limbs 
in locomotion. He interchanged the 
two front limbs of larval salamanders 
so that in the mature salamander the 
front limbs were oriented backward 
with respect to the rest of the body. If 
the front limbs stepped in the way 
that would ordinarily propel the sal¬ 
amander forward, the effect was now 
to propel the salamander backward. 
The muscles of the interchanged 
limbs were reinnervated by the motor 
neurons appropriate to the normally 
positioned limb. The result was that 
the interchanged front limbs behaved 
at cross purposes to the normally 
positioned hind limbs. When the 
salamander’s tail was pinched, the 
hind limbs stepped forward but the 
front limbs stepped backward. When 
the salamander’s nose was poked, the 
opposite patterns ensued; the hind 
limbs attempted to propel the animal 
backward, while the front limbs tried 
to propel it forward. 

As Weiss’s experiment demonstrates, 
the salamander has two complex 
units of locomotory coordination, one 
for advancing and one for retreating. 


What the salamander lacks is the 
neural circuitry required to dissolve 
these units into constituents and to 
recombine the constitutents into an 
ensemble that works when the front 
limbs are oriented the wrong way. If 
the salamanders in Weiss’s experi¬ 
ments had been able to command 
their front limbs to walk backward 
while commanding their back limbs 
to walk forward, the animal as a whole 
would have been able to run away 
from the beast that had grabbed its 
tail. But the animal has no circuitry 
for implementing this unusual inter¬ 
limb coordination. Although both 
forward and backward locomotion 
may be broken down experimentally 
into simpler constituents, they 
present themselves as units to the 
higher levels of the salamander’s 
nervous system. 

In recent years, the neural control of 
locomotion has been the focus of a 
great deal of research (cf. Grillner 
1975; Hermann et al. 1976; Shik and 
Orlovsky 1976; Stein 1978; Wetzel 
and Stuart 1976). From this research, 
principles have begun to emerge that 
account for the coordination of loco¬ 
motion in animals as diverse as the 
cat and the cockroach (cf. Pearson 
1976). This work underlies the fol¬ 
lowing schematic rendering of the 
complex units controlling forward 
and backward locomotion. 



extensor motor neurons 


flexor motor neurons 


Figure 3. The complex unit controlling the 
stepping of the left front leg of a cockroach is 
made up of three elementary units, The ex¬ 
tensor motor neurons are active during the 
stance, or push, phase of the stepping cycle, 
when the leg holds the cockroach up and pro¬ 
pels it forward. The activity of these neurons 
is promoted by a steady excitatory input, whose 
action is inhibited periodically by a signal from 
a pacemaker. This signal simultaneously ex¬ 
cites a brief burst of activity in the flexor motor 
neurons, which lead to the muscles that swing 


the leg up and forward, The circuitry described 
thus far (color) constitutes one elementary unit 
of behavior—an oscillator, Two other ele¬ 
mentary units cooperate with the oscillator: a 
servocircuit (black line ) adjusts the strength 
of the activity in the push system to compen¬ 
sate for variation in load;, and a trigger-delay 
reflex (gray line) senses failure of the middle 
leg to take up the load and inhibits the swing¬ 
triggering action of the pacemaker. Similar 
complex units control each of the cockroach’s 
other legs. 


The basic building block in locomo¬ 
tion is the circuitry that controls the 
stepping of a single leg (Fig. 3). This 
circuitry is a complex unit of behavior 
incorporating all three types of ele¬ 
mentary units of behavior described 
above. The elementary unit at the 
core of this complex unit is an oscil¬ 
lator. Pacemaker neurons (or possibly 
pacemaker circuits) periodically 
trigger a swing of the leg by exciting 
a short burst of firing in the motor 
neurons activating the muscles that 
lift the leg off the ground and swing it. 
During this swing phase of the 
stepping cycle, the otherwise steady 
discharge of the opposing motor 
neurons is inhibited, The discharge of 
these opposing motor neurons during 
the stance phase of the cycle presses 
the leg down to support the animal 
and pulls the leg back to propel the 
animal (cf. Pearson 1976). 

The strength of the stance-phase 
discharge is regulated by a servocir¬ 
cuit that adapts it to the load to be 
moved. This load is greater when the 


animal moves uphill than when it 
moves downhill. The servocircuit 
senses leg position and velocity and 
increases or decreases the discharge 
in the appropriate motor neurons 
whenever these variables depart from 
normative values. These increases or 
decreases in motor-neuron discharge 
alter leg position and velocity in such 
a way as to reduce the sensed dis¬ 
crepancy (cf.Wendler 1966). 

The timing of the swing phase is al¬ 
tered by a trigger-inhibiting reflex. If 
other legs fail to take up the load of 
the leg about to be swung, as will 
happen when another leg slips or 
trips, the resulting sensory message 
inhibits the swing phase (Pearson 
1972). This inhibitory override pre¬ 
vents the robot-like removal of the 
animal’s sole means of support. The 
reflex circuit, like the servocircuit, 


makes intelligent moment-to-mo- 
ment adjustments in the rhythmic 
action of the oscillator, adapting the 
action to the vicissitudes of locomo¬ 
tion. 

An animal has as many leg-stepping 
units as it has legs, These units are 
combined to form a locomotory unit 
by oscillator-coupling circuitry that 
conveys timing signals between 
pacemakers (Fig, 4). The receiving 
pacemakers make phase-dependent 
accelerations or decelerations whose 
parameters are such as to yield the 
following two relationships; (1) os¬ 
cillators on opposite sides of the same 
body segment operate 180° out of 
phase (that is', in strict alternation); 
(2) oscillators along the same side of 
the body operate at fixed lags. For 
example, as the cockroach moves 
forward the rear leg swings first, the 
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.Figure 4, Oscillator-coupling circuitry inte¬ 
grates the pacemaker rhythms to create pat¬ 
terns of stepping, here seen from two perspec¬ 
tives. The two oscillators on opposite sides of 
the same body segment (above) are coupled in 
: such a way that they operate 180° out of phase, 
The oscillators ranged along one side of the 
body (below) are coupled in such a way that 
each oscillator lags behind the one to its rear by 
■ a fixed temporal interval, The symbol at the 
end of each pacemaker-coupling pathway 
combines the symbols for excitation and inhi¬ 
bition, because signals in these pathways excite 
(accelerate) the pacemaker if they arrive during 
certain phases but inhibit (decelerate) it if they 
arrive during other phases,. 


middle leg next, after a fixed delay, 
and the front leg last, after a further 
fixed delay. The swings progress 
metrachronally, that is, in the direc¬ 
tion of body motion, 

The oscillator-coupling circuits in¬ 
tegrate the actions of the components 
to create the complex locomotory 
units of behavior. In the salamander, 
at least, there appear to be only two 
such units—one for forward and one 
for backward locomotion, These lo¬ 
comotory units are commanded by a 
tonic, or relatively steady, signal. The 
command signal determines the 
speed of locomotion by speeding up or 
slowing down the pacemaker 
rhythms. It adjusts, so to speak, the 
position of the weights on the neural 
metronomes that give the beats for 
the stepping of each leg, 

Unity in diversity 

The locomotory unit of behavior is a 
case study in the resolution of some 
ubiquitous problems in behavioral 
analysis, Prominent among these 
problems is the endless variation in 
the surface details of behavior. 
Whereas the operation of most man¬ 
made machines is identical from one 
occasion to the next, the running of 
even so lowly a creature as the cock¬ 
roach varies from occasion to occa¬ 
sion. The linguist Chomsky (1965) is 
hardly alone in arguing that diverse 
surface manifestations of behavior 
derive from the operation of one and 
the same underlying process, 

The locomotory unit illustrates one 
way of obtaining seemingly very dif¬ 


ferent outputs by varying a single ; 
parameter in the operation of 
underlying neural machinery. Figure ; 
5 compares the gait of a slowly mov¬ 
ing insect with that of a scurrying in¬ 
sect. The two gaits could hardly ap¬ 
pear more different, yet both are 
generated by the machinery de- ; 
scribed above. All the surface differ- l 
ences between the two gaits derive | 
from a single underlying differ- f 
ence—a difference in the stepping ; 
frequency (the reciprocal of the in- ; 
terval e in Pig. 5). 

The locomotory unit also displays the { 
rudiments of intelligence, at least as ; 
Bartlett (1958) conceives of it. Bart- i 
lett begins his analysis of thinking 
with a consideration of skilled action. 
What he finds intelligent in skilled ; 
action is the rapid adoption of new r 
responses that maintain the function 
of the behavior in the face of altered [ 
circumstances. The scurrying of a A 
cockroach after experimental ampu- ; 
tation of its middle legs displays just ; 
this sort of adaptation. As can be seen 
in Figure 5, the scurrying roach nor- ; 
mally swings the front and rear legs - 
on a given side in phase. That is, both " 
these legs are off the ground at the 
same time, during which time the 
middle leg supports the side. This gait 
will not work after amputation of the , 
middle legs. Remarkably enough, the p 
post-operative roach behaves mine- p 
diately as if it knows this. It scurries JV 
off like a four-legged salamander, ; 
swinging the front and rear legs on . 
each side 180° out of phase. ■ 

The discovery by von Buddenbrock l 
( 1921) and Bethe (1930) of the f 
seemingly insightful response of in- ;; 
sects to amputation of the middle leg f 
led to a good deal of fanciful scientific. 
prose in which whiffs of mysticism i 
might be detected. The system j 
sketched above explains this intelli- F 
gent adaptation as a consequence of ] 
the trigger-delaying reflex. The re- • 
curring failure of the middle legs to ; 
take up the load results in a recurring 
delay in the triggering of the swingof ■ 
the front legs. The delayed triggering l 
of the front legs explains the change ■ v 
in the phase relationship between J 
front and rear legs. (Another likely ? 
mechanism, not mutually exclusive ■ 
with the one suggested, is that altered > 
sensory input from the middle-leg ; 
region slows down the stepping fire- ,■ 
quency of all the legs. Any slowing of ; 
stepping frequency will shift the front 
legs out of phase with the rear legs.) ; 


The explanation of this particular 
piece of intelligence cautions against 
our tendency to equate the capacity 
to respond intelligently with the ca¬ 
pacity to learn. 

Another lesson to be drawn from a 
study of locomotory units is that dif¬ 
ferent complex units of behavior may 
be created by combining the same set 
of more elementary units in different 
ways, For example, it is likely that the 
system underlying backward loco¬ 
motion uses the same motor neurons, 
the same pacemakers, and—to some 
extent—the same oscillator-coupling 
circuitry (e.g. the coupling circuitry 
that keeps pacemakers on opposing 
sides of the same body segment run¬ 
ning 180° out of phase) as are em¬ 
ployed in forward locomotion, How¬ 
ever, in backward locomotion the 
pacemaker excites a different com¬ 
bination of motor neurons during the 
swing phase—a combination that 
swings the leg up and backward 
rather than up and forward. 

It also seems likely that the pace¬ 
makers ranged on one side of the 
body are coupled by different cir¬ 
cuitry in backward locomotion, with 
the result that the sequence of leg 
swings progresses from front to back 
instead of from back to front. (A 
careful analysis of interleg phasing in 
backward locomotion has not been 




Figure 5, Black bars indicate the sequence of 
leg swings on the left {Li,L 2 M) and right 
(Ri,R%Rs) sides in slowing-moving and 
scurrying insect gaits, Both gaits conform to 
four motor constancies: (1) the sequence of leg 
swings on a given side progresses from back to 
front (arrow a); (2) the duration of a leg swing 
is fixed (interval 6); (3) the lags between hind- 
and middle-leg swings and between middle- 
and front-leg swings are fixed (interval c); (4) 
opposing legs swing 180° out of phase (the ratio 
d/e = %). The specification of the period from 
one swing of a leg to the next (interval e) ex¬ 
hausts the degrees of freedom in the paramet¬ 
erization of these gaits, given the constraints 
imposed by the four constancies. All other 



differences follow from this specification. The 
stepping frequency is 1/e, (After Wilson 
1966.) 


done, as far as I know.) Work by 
Sherman and his co-workers (1977) 
suggests that the same pacemakers 
and coupling system are employed in 
the leg movements that a cockroach 
on its back makes in order to right 
itself. It also appears that the same 
pacemakers and motor neurons are 
used in producing the leg movements 
by which the roach grooms itself. In 
both cases, the relations between the 
circuit elements at different levels of 
the hierarchy are altered to achieve a 
different basic pattern. 

The use of the same elements in dif¬ 
ferent combination is, commonly 
found when two or more behavior 
patterns of comparable complexity 
are broken down into their constitu¬ 
ents. I have termed this the principle 
of the lattice hierarchy, because when 
the control by higher units over lower 
units is diagrammed, the diagram 
looks like a ramshackle lattice (Gal- 
listel 1980). Sherrington recognized 
this mode of organization; he called it 
the principle of the common path, 
because a given lower unit is used by 


many different higher units to convey 
their output to muscle. 

Another aspect of locomotory units is 
that they may be controlled from 
above by signals that are both few and 
simple. The outputs that may be 
generated by a locomotory unit are 
diverse and complex, and they adapt 
intelligently to sudden, unforeseeable 
variations in circumstances, None¬ 
theless, the higher circuits that coor¬ 
dinate behavior patterns of which 
locomotion is but a constituent can 
call upon the services of this re¬ 
sourceful unit by means of a few sig¬ 
nal pathways. These control path¬ 
ways carry primarily tonic signals 
whose simple temporal and spatial 
patterning in no way reflects the 
complexly patterned signals that will 
issue forth to the motor neurons. 

We have already encountered one of 
these control signals: the command 
signal that sets the rate at which the 
pacemakers beat, The other control 
signals are commonly also tonic, and 
their average value determines some 


property of the controlled circuitry. 
For the most part they determine 
which pathways within the controlled 
circuitry are allowed to be active and 
which are not. They do not usually 
engender activity within the con¬ 
trolled elements; they only vary the 
potential for activity. For this reason, 
I term this kind of controlling influ¬ 
ence selective potentiation and de¬ 
potentiation (Gallistel 1980). 

The link to motivation 

Selective potentiation and depoten¬ 
tiation is the final span that links the 
concept of hierarchically ordered 
units of coordination to the concept 
of motivated behavior patterns. In 
what follows I give five examples of 
this principle. The first example is at 
a very low level of the motor hierar¬ 
chy; the last two are clearly at moti¬ 
vational levels of function. 

A “low spinal cat” is a cat whose spi¬ 
nal cord has been cut through in the 
chest region, thereby isolating the 
neural circuitry in the bottom half of 
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the spinal cord from the influence of that descending control signals pot- under the influence of negative pho- [ direction of behavior. Two final ex- 

anatomically (and for the most part entiate the path from pacemaker to totaxis, up the back wall by negative amples from work on the motiva- 

functionally) higher circuitry. When abductor when the higher levels want geotaxis, and onto the ceiling. But tional function of the diencephalon 

such a cat is supported with its hind forward locomotion and from pace- how are they to progress farther? anchor the bridge to the other side of 

paws on a treadmill, the hind legs can maker to adductor when they want They are upside down, with gravity the chasm, 

walk, A tap delivered to the back of a backward locomotion. pulling perpendicularly to the surface 

hind paw during such walking elicits they are on, so that geotaxis cannot : It has been known since the pioneer- 

one of two opposing reflexes, de- If I am correct in assuming that dur- guide their progression. To crawl ing work of Hess (1954) that electrical 

pending on the phase of the leg’s ing backward locomotion the direc- farther under the guidance of nega- I, stimulation of discrete sites in and 

stepping cycle. If the tap is delivered tion of phase lags between oscillators tive phototaxis is impossible, because T around the diencephalon can induce 

during the swing phase, it elicits on the same side is reversed, then a they are at the darkest point already, f motivated behavior. Work by Flynn 
flexion of all the leg joints. This flex- different set of coupling pathways and his collaborators (Flynn 1972; 

ion lifts the paw up and over the ob- must operate during backward loco- It happens, however, that when—and Flynn et al. 1971) on stimulation- 

stacle against which the swinging paw motion. The control signals that only when—a coastal snail is both induced predation in cats shows that 

has struck. The same stimulus deliv- specify which unit of locomotion is to upside down and under water, the the mechanism of inducement is se- 

ered during the stance phase causes operate realize their function by circuitry subserving negative photo- lective potentiation, When a non- 

the opposite pattern of muscle acti- potentiating one set of coupling taxis is depotentiated, while the cir- - predatory cat is touched on the cheek, 

vation. It elicits an extension of all the pathways and depotentiating the cuitry subserving positive phototaxis . it turns its head away; when touched 
leg joints, hastening the moment other. Thus the higher circuits that is potentiated (see Fig. 6). Hence the j on the lips, it purses them. In the 

when the paw may safely be lifted out select walking forward or walking snail crawls out along the ceiling of ■ predatory cat these reactions are de- 

of the way of the moving object that backward as part of a larger pattern the underwater crevass under the k potentiated, and opposing reflexes 

threatens to sweep the cat’s paw from of behavior do so largely by directing . guidance of positive phototaxis. It are potentiated. Now a touch on the 

beneath it (Forssbergetal. 1975). the flow of signals between pace- then resumes its progression up the ; cheek elicits a turn toward the touch, 

makers, and from pacemakers to cliff under the guidance of negative k and a touch on the lips elicits opening 

It would seem that the pacemaker motor neurons. geotaxis. The fact that the depoten- k of the jaws. When an otherwise non- 

that sets the stepping rhythm also tiation of the negative phototaxis and k predatory cat is rendered predatory 

controls the potential for action in the Taxes are servomechanisms that the potentiation of the positive one k by mild electrical stimulation at a 

competing reflex arcs. During the maintain an animal’s orientation with occur only when the snail is under specific site on one side of the dien- 

swing phase the flexion reflex is po- respect to some directional stimulus water (and upside down) explains cephalon, these predatory reflexes are 

tentiated and the extension reflex is such as light (phototaxis), gravity why the snail’s journey ends in the potentiated on one side only! When 

depotentiated; during the stance (geotaxis), or wind (anemotaxis). first crevass above high tide, touched on one side the cat reacts in 

phase the reverse is true. In neither When these orienting units operate a predatory fashion; when touched at 

case does the pacemaker set these concurrently with a locomotory unit, This example shows how appro* the same place on the other side of its 

arcs in action. Sensory input—the tap directed progression results. In a priately timed potentiation and de* /: body it does not (MacDonnell and 

on the paw—plays that role. The paper published many years ago, potentiation of selected lower-level Flynn 1966). The unilaterality of this 

pacemaker, however, controls the Fraenkel (1927) showed that the circuitry may create complex pur- potentiating effect argues for the ex¬ 
potential for action. By controlling taxes of the coastal snail, Littorina , posive behavior patterns. We have istence of quite specific neural path- 

the potential for action in these arcs, are controlled by potentiation and already seen how the ingenuity with ways linking the site stimulated to the 

the pacemaker coordinates the oper- depotentiation in such a way as to which the lower-level circuits are neural circuits subserving these ele- 

ation of the reflexes with the opera- produce a major behavior pattern. structured provides for the intelligent mentary predatory reflexes. By 

tion of other units of behavior, in- adaptation of details of the behavior means of these paths, the stimula- 

suring that at any given moment only Littorina are usually found in ere- to circumstances prevailing at the tion-generated neural signals poten- 

the reflex action consonant with the vasses about 3 to 8 meters above the moment of its execution. We come tiate the reflexes. By means of other 

other actions then taking place is al- waterline of rocky coasts, where they now to examples of potentiation and paths emanating from the same site, 

lowed. feed on algae when the crevass is depotentiation at motivational levels these signals potentiate the spectrum 

dampened by spray and estivate of function. of behaviors that together constitute 

Selective potentiation and depoten- when it is dry. Fraenkel’s work shows predation, 

tiation do not generate activity in that snails dislodged from their ere- But why do we speak of motivation in k 

lower units, but rather control the vass by a storm may find their way behavior? Because, I submit, we see k The examples of potentiation given so 

flow of signals generated by other back from shallow water near the in behavior certain complex, goal- ? far involve relatively elementary and 

factors. In so doing they determine shore to an appropriate crevass by the directed patterns that are adapted in k; probably inborn, unlearned units of 

which units of behavior may be active following set of taxic progressions, such a way as to accomplish the k behavior. The work of Beagley and 

and in what combinations. For ex- overall function despite variations in Holley (1977) extends the unilateral 

ample, when a salamander walks Except under special conditions, to be circumstances. This sustained, func- potentiation phenomenon to a 

forward, the swing-triggering signal noted in a moment, these snails are tional cohesiveness of behavior can- i learning-dependent behavior. This 

from the pacemaker must be routed negatively phototaxic (they crawl not be accidental; it must be the out- ; extension makes it possible to argue 

to the muscle that lifts the leg (the toward the dark) and negatively come of processes that promote this \ that the account of motivation offered 

elevator), the muscle that flexes the geotaxic (they crawl upward). In cohesiveness. These processes are J here applies to all motivated behav- 

elbow (the flexor), and the muscle general, the path to the coast will be what we allude to when we mention ior, whether or not that behavior de- 

that swings the leg forward (the ab- both darker than and higher than the motivation. The examples of poten- pends on learning, 

ductor). When the salamander walks path to the open sea, which explains tiation and depotentiation just pre- 1 

backward, the same signal must be why the snails crawl toward and up sented have therefore carried us from ; Beagley and Holley surgically in- 

routed. to the elevator, the flexor, the coastal cliffs. A problem arises the simple neural circuits that control stalled electrodesinthediencepha- 

and—rather than the abductor—the when they encounter underwater elementary responses to the other ! Ions of rats, positioning the electrodes 

adductor, the muscle that draws the crevasses, however. They crawl into side of the chasm—the motivational k in such a way that stimulation in¬ 
leg back (see Weiss 1941). I suggest the dark depths of these crevasses processes that determine the overall V. duced feeding. At the same time, they 



Figure 6. This highly conjectural neural circuit black lines. In the top and bottom stages in- 
demonstrates that the principles of synaptic terneuron a is inactive, hence interneuron b, 

function elucidated by Sherrington can explain which would be potentiated by a, is also inac- 

how the snail’s positive light taxis becomes tive. Since the inactive 6 is a crucial component 
operative only when the snail is upside down of the circuit mediating positive phototaxis, the 

and under water, while his negative light taxis snail has no functional positive phototaxis, In 

is operative at all other times. The operation of the middle stage, interneuron a is active, be- 

the circuit is shown at three stages in the snail’s cause both its inputs are active, Hence c is de¬ 
progress from the ocean bottom to a suitable potentiated, or inhibited, and b is potentiated, 

niche above the water, Activity of the sensory Now the positive phototaxis is functional and 

neurons (i.e. transmission of signals) at a given the negative is not, enabling the snail to con- 
stage is indicated by colored lines, inactivity by tinue its journey. 


mounted two tiny lights on stalks se¬ 
cured to the rats’ heads, so that the 
light on the left side was visible only 
to a rat’s left eye and the light on the 
right was visible only to its right eye. 
They then trained the hungry rats to 
press a bar to obtain food in a nearby 
hopper. When the rats had learned 
this, Beagley and Holley arranged 


matters so that presses of the bar de¬ 
livered food only when the tiny lights 
were on, and the rats learned to press 
the bar only then. If a rat was hungry 
and either one or both lights came on, 
then the rat would go to the lever and 
press, When the rats were satiated 
they did not attend to the lights. Re¬ 
gardless of whether one or both lights 
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were on or off, they pressed infre¬ 
quently. 

Beagley and Holley then induced 
feeding behavior in satiated rats by 
stimulating a site on one side of the 
diencephalon. This stimulation po¬ 
tentiated the rats’ response to the 
light, but only to the light on one 
side—the side opposite to that stim¬ 
ulated, since the right side of the 
brain controls the left side of the body 
and vice versa. When the light on the 
side opposite to that receiving elec¬ 
trical stimulation came on, therefore, 
a rat would press the lever and eat the 
food thus obtained, But the rat ig¬ 
nored the light on the other side, just 
as it normally did when satiated. In 
short, on one side the rat looked at the 
world through the eye of a hungry rat, 
while on the other it looked at the 
world through the eye of a satiated 
rat. 

This procedure was inspired by the 
MacDonnell and Flynn experiment, 
in which the unilaterality of the pot¬ 
entiating effect also argued for spe¬ 
cific pathways running from the site 
of diencephalic stimulation to the 
neural circuitry that coordinates the 
behavior. In the Beagley and Holley 
experiment, however, the form of the 
potentiated behavior depended on 
the rat’s having learned the relation¬ 
ship between the lights, the pressing 
of the lever, and the appearance of 
food in the hopper. It may be con¬ 
cluded that motivated behavior, 
whether or not its form happens to 
depend on learning, is goal-directed 
behavior whose functional cohesive¬ 
ness is produced by the selective 
potentiating and depotentiating ef¬ 
fects of neural and hormonal signals 
arising in and around the dienceph¬ 
alon. 

Crossing the bridge 

The conception of motivation put 
forward in this essay is not new. 
Ethologists have always thought of 
motivation in this way (see e.g, Lo¬ 
renz 1937; Tinbergen 1951, Chap. 5), 
as have many physiological psychol¬ 
ogists (Lashley 1938; Stellar 1960), 
Morgan (1943), for example, speaks 
of central motive states as establish¬ 
ing “a set or potentiality for pre¬ 
senting various patterns of behavior 
when the appropriate stimulus con¬ 
ditions in the external environment 
are available” (p. 461; italics in orig¬ 
inal). 


By potentiating a coherent spectrum 
of possible behaviors, a central motive 
state establishes an overall direction 
to behavior, but leaves it to the po¬ 
tentiated circuits to determine how 
that direction shall be maintained 
given the circumstances attending the 
execution of the behavior. Motiva¬ 
tional processes set up an array of 
behavioral options, all tending to the 
same end. Other factors determine 
which options are exercised. In this 
way motivated behavior acquires the 
dual characteristics of purposiveness 
and intelligent adaptation to un¬ 
foreseeable circumstances. 

What I have tried to do here is inte¬ 
grate this view of motivation with 
work on lower-level mechanisms of 
coordination. As long as one sticks to 
the notion that the reflex is the only 
elementary unit of behavior, there is 
no prospect of understanding the 
baffling degree of variation to be 
found in the surface detail of behav¬ 
ior. Recognizing the existence of other 
kinds of elementary units, the oscil¬ 
lator and the servomechanism in 
particular, leads in many instances to 
an explanation of this variation. 

Systems of coupled oscillators pro¬ 
duce a great many different outputs 
when one or a few parameters are 
varied. This is illustrated by the 
modern understanding of how the 
diverse gaits of insects are generated. 
Those familiar with the synthesis of 
trajectories by Fourier techniques, 
that is, by the concurrent execution of 
two or more sinusoidal trajectories, 
will realize that any trajectory what¬ 
soever may be closely approximated 
by superimposing the outputs of a 
modest number of oscillators running 
at different frequencies (cf, Bernstein 
1967, p. 37). 

Complex units of behavior, composed 
of oscillators, servomechanisms, and 
reflexes, have an inherent capacity for 
producing many variations on the 
basic output pattern, This capacity is 
extended by the repeated use of the 
principle of selective potentiation to 
insure that the elements operate in 
appropriate conjunction. This last 
point is illustrated by the role of se¬ 
lective potentiation and depotentia¬ 
tion in integrating the operation of 
opposing stumble-preventing reflexes 
within the cat’s stepping cycle. 

The principle of selective potentia¬ 
tion and depotentiation is used at 


r 

r 

every level of the motor hierarchy. ' 
When it is used at the highest levels, 
to integrate the operation of many 
complex units of behavior, we call the 
result motivated behavior. 
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Marlene Oscar-Berman Neuropsychological Consequences of' 

Long-Term Chronic Alcoholism I; they will probably not be able to re- 

v member much of what they read. To 
say that such people have a bad 

Refitted tests have been used to explore the subtle memory is to ignore the intrusive in- 

disorders that manifest themselves as memory fluence of their P° or vision - 

impairment in alcoholics with Korsakoff s syndrome over the tot decade, at the Dep* 

' ment of Neurology of Boston Uni- 
; versity School of Medicine and the 
Psychology Service of the Boston 
v: V.A. Medical Center, my colleagues 
and I have been studying the Subtle, 
l seemingly tangential effects of alco- 
i holic Korsakoff s disease. Our work 


The human brain is a fascinating and 
complex structure, a functional jigsaw 
puzzle made of billions of individual 
neurons. Although many people sur¬ 
vive strokes, head trauma, cerebral 
toxicity, and other types of brain in¬ 
juries with enormous resilience, 
sometimes the effects of brain dam¬ 
age are incapacitating and perma¬ 
nent. In the scientific discipline of 
neuropsychology, one primary goal is 
to understand the consequences of 
different types of brain damage on 
psychological and behavioral func¬ 
tioning—ultimately, to put together 
the puzzle of how the brain works. 

Vision provides a good example of the 
complexity of brain processes. A blow 
to the back of the head severe enough 
to cause massive brain damage results 
in blindness because the occipital 
cortex—the area of the brain that gets 
signals from the eyes about what is 
seen (see Fig. 1)—is destroyed. But 
many defects resulting from brain 
damage are not as obvious as cortical 
blindness. Indeed, some defects may 
never be noticed without careful 
testing for their presence. A subtle 
but dramatic anomaly exists in the 
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visual field of all sighted people: a 
blind spot that requires special test¬ 
ing to be noticed at all (Fig. 2). The 
small hole in our vision results from 
the absence of visual receptors in the 
portion of the retina through which 
optic fibers exit en route to other 
parts of the brain. 

Long-term chronic alcoholism, usu¬ 
ally accompanied by malnutrition, 
can produce cognitive changes that 
are as obvious as cortical blindness, 
but some of the effects of the brain 
damage associated with alcoholism 
are as subtle as the blind spot. In the 
late 1800s, a Russian physician, S. S. 
Korsakoff, published several papers 
that dealt with disturbances of psy¬ 
chic function accompanying alcohol 
paralysis and multiple neuritis. In 
these papers he called attention to a 
symptom complex of psychological 
and neurological disorders, the most 
obvious being derangements of 
memory and in the association of 
ideas. He wrote: 

The disorder of memory manifests itself 
in an extraordinarily peculiar amnesia, in 
which the memory of recent events, those 
which just happened, is chiefly disturbed, 
whereas the remote past is remembered 
fairly well... .This reveals itself primarily 
in that the patient constantly asks the 
same questions and repeats the same 
stories. At first, during conversation with 
such a patient, it is difficult to note the 
presence of psychic disorder; the patient 
gives the impression of a person in com¬ 
plete possession of his faculties; he rea¬ 
sons about everything perfectly well, 
draws correct deductions from given 
premises, makes witty remarks, plays 
chess or a game of cards, in a word, com- 
Pfjrts himself as a mentally sound person. 
Only after a long conversation with the 
patient, one may note that at times he 
utterly confuses events and that he re- 
members absolutely nothing of what goes 


on around him: he does not remembet; 
whether he had his dinner, whether he I: 
was out of bed, On occasion the patient t 
forgets what happened to him just an in. [; 
stant ago: you came in, conversed with 
him, and stepped out for one minute; then t 
you come in again and the patient has; 
absolutely no recollection that you had ; 
already been with him. Patients of this V 
type may read the same page over and j 
again, sometimes for hours, because they i 
are absolutely unable to remember what ■ 
they have read.... 

With all this, the remarkable fact is that, 
forgetting qll events which have justoc- 
curred, the patients usually remember '• 
quite accurately the past events which r 
occurred long before the illness. What is 
forgotten usually proves to be everything ; 
that happened during the illness and a• 
short time before the beginning of the 
illness. [Victor and Yakovlev 1955, pp, ; 
397-98] 

The psychopathology of alcoholic ' 
Korsakoff’s syndrome has been 
studied extensively since the nine-/ 
teenth century, and the salient clini- ' ■ 
cal features have not changed: am- 
nesia for recent events and disorien- ■ 
tation in time and place, despite;; 
normal IQ and relatively intact! 
memory of events from early child- L 
hood and before the onset of the dis- 
ease. Only recently, however, lias; 
there been a systematic experimental ; 
examination of the subtle featuresof 
the syndrome, such as attentional, 
perceptual, and motivational defi- : 
ciencies. The study of these attributes \ 
is essential to a fundamental under- ) 
standing of the profound amnesia, 
because all of the psychological ab¬ 
normalities in alcoholic Korsakoff • 
patients may be intertwined. Deficits [ 
in attention, perception, motivation, t : 
and other psychological processes ; 
would almost certainly have delet- . 
erious effects on memory. Returning 


has been greatly influenced by the 
writings of a neurologist, George 
Talland, whose book Deranged 
Memory was published in 1965. Tal¬ 
land had examined numerous Kor¬ 
sakoff patients using a variety of ex¬ 
perimental and clinical tests, and his 
book summarizes much of his work. 
Although, he said, it is tempting to 
view Korsakoff’s syndrome as a 
complex of several functional dis¬ 
turbances, this view is contrary to the 
law of parsimony. He suggested in¬ 
stead a unitary functional deficit to 
explain the behavioral impairments 
in amnesia. Specifically, he argued 
that the basic dysfunction involves 
making behavioral responses pre¬ 
maturely, prior to receiving and/or 
retrieving all the relevant information 
necessary for solving problems. With 
insufficient information, responses 
are likely to be wrong, and errors are 
frequently repeated. 

My colleagues and I were drawn to 
two key concepts in Talland’s de¬ 
scription, insufficient information 
and premature response. The first 
suggested possible abnormalities in 
perceptual processing, and the second 
suggested inadequate attention. 

Problems of perception 
and attention 

In order to test the possibility of ab¬ 
normalities in perceptual processing, 
we measured how much time it takes 
alcoholic Korsakoff patients to ana¬ 
lyze incoming visual information 
(Oscar-Berman, Goodglass, and 
Cherlow 1973). To do this, we used an 
apparatus called a tachistoscope (t- 
scope), which can present visual 
stimuli for brief durations, as short as 
a millisecond (.001 sec). First, we 
measured visual thresholds—the 
amount of time a stimulus such as a 
word or a figure must be shown on a 


parietal lorf 




in the temporal lobe 


Figure 1, The brain (above) has been sliced 
down the middle and lilted slightly back to 
expose the structures in the midsagittal plane 
of the right hemisphere, The retractor (gray) 
exposes an otherwise hidden portion of the 
hippocampal region. The corpus callosum is a 
band of nerve fibers connecting the two halves 
of the brain. At the right is a schematic illus¬ 
tration that shows the relative positions of the 
amygdaloid nucleus, the thalamus, and the 
structures in the basal ganglia—the caudate 
nucleus, the putamen, and the globus pallidus. 
The basal ganglia lie deep inside the brain, 
obscured by the corpus callosum, the thalamus, 
and other structures. The amygdala is located 
inside the temporal lobe. (After Netter 
1972.) 


t-scope screen before subjects can 
identify what they have seen. In 
comparison to normal subjects and to 
alcoholic patients with no clinical 
signs of Korsakoff’s disease, the 
Korsakoff patients needed a great 
deal of viewing time (about 85 msec 
compared to about 25 msec for the 
controls). 

Then we used a procedure called 
backward visual masking to measure 
“sensory memory,” the time during 
which the trace of a stimulus that is 
no longer present is mirrored in the 


central nervous system; this trace, 
called an icon, is held in the brain for 
some milliseconds while the infor¬ 
mation is being categorized and con¬ 
verted into a more durable memory 
trace (short-term memory). In the 
backward masking experiment (Fig. 
3) two visual stimuli are presented 
successively on the t-scope. The first 
stimulus, called the target, is shown 
for slightly longer than the visual 
threshold. A short time later, a second 
stimulus, called the mask (usually a 
pattern not resembling the target), is 
shown. 


• ★ 


Figure 2. To find your blind spot, close your left the figure closer to your face, the star will re¬ 
eye and look at the small dot at a distance of appear, The blind spot represents the area of 

about 12 inches from your face. As you gradu- the retina that, because it is where the optic 

ally move the figure toward you, the star will fibers exit on their way to higher visual brain 

disappear from your visual field. As you move centers, is devoid of visual receptors. 


410 American Scientist, Volume 68 


1980 Julv-Ausust 411 



The time interval between the target 
and the mask is the interstimulus in¬ 
terval (ISI), and it is this interval that 
we varied in the experiment, If the ISI 
is relatively long (e.g. 2 sec), subjects 
typically report having seen the target 
and the mask in succession. But if the 
ISI is very short (e.g. 10 msec), 
subjects report seeing only the 
masking stimulus. It is thought that 
processing of the visual target is in¬ 
terfered with or blocked in the ner¬ 
vous system by the neuronal activity 
required to process the mask, The 
critical ISI is the minimum time in¬ 


condition not discernable by standard 
clinical evaluation with less sensitive 
tests. These findings, and others to 
follow, stress both the subtlety of the 
deficits and the need for careful as- 


As a prelude to our study of possible 
attention deficits in Korsakoff pa¬ 
tients, we looked at the possibility of 
premature response to incoming in¬ 
formation (Talland 1965). In one ex¬ 
periment (Oscar-Berman, Oberg, and 
Zola-Morgan, unpubl.), using a pro¬ 
cedure called differential reinforce¬ 
ment of low rates of response (DRL), 



fixation spot 


Figure 3. In a backward-masking experiment 
to measure the perceptual processing times of 
the left and right visual fields, a subject faces 
a screen, on which four elements are projected 
in succession, First, a fixation spot is shown, to 
ensure that the subject is looking straight 
ahead at the center of the screen. The fixation 
spot disappears and a target stimulus appears 


of the target and the onset of the 
mask for target recognition to return 
to premasking levels. 

In our experiment, we found that the 
the critical ISIs for Korsakoff pa¬ 
tients were nearly twice as long as for 
normal control subjects (about 90 
msec as compared to 50 msec). It be¬ 
came clear that Korsakoff patients do 
not process incoming visual infor¬ 
mation as efficiently as control 
subjects, and that Talland’s phrase 
“insufficient information” was apt. 
This was our first evidence that the 
memory impairment of Korsakoff 
patients might be confounded with 
other deficits, in this case a limited 
processing capacity. Interestingly, the 
critical ISIs for alcoholic control pa¬ 
tients (hospitalized for medical and/ 
or psychiatric but not neurological 
symptoms) were midway between 
those obtained from Korsakoffs and 
normal controls. The intermediate 
ISI values of the alcoholic control 


mask 

in one of the visual fields for several millisec¬ 
onds, Then follows a variable interstimulus 
interval (ISI), during which the screen is dark, 
and, finally, a masking stimulus. If the mask 
appears after too short an interval for the target 
to be processed, the subject will not report 
seeing the target, because the mask will have 
kept it from being analyzed and encoded. 


subjects were rewarded with a penny 
only if they withheld a response for a 
predetermined period of time. We 
reasoned that Korsakoff patients 
might exhibit a tendency toward 
premature responding by not being 
able to inhibit responses for the 
amount of time required by the ex¬ 
perimental task. 

In our DRL test, a subject faces an 
apparatus containing a bar that can 
be pressed down to deliver a penny 
into a receptacle below the bar. A 
press of the bar is rewarded only if a 
predetermined minimal interval has 


might have an incipient Korsakoff 
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(3,6,12, or 18 sec, depending upon 
which schedule we programmed for a 
given test session). If a subject, re¬ 
sponds before the minimum time in¬ 
terval expires, no reward is given, and 
a timer is automatically reset to run 
again for that same period of time. 

Virtually no instructions are given to 
the subjects. They get a few practice 


and normal controls soon discover 
that they must wait between succes¬ 
sive responses if they want to earn 
any money. Each of our four test ses¬ 
sions lasted 15 minutes, during which 
it was possible for a subject to re¬ 
spond thousands of times (each re¬ 
sponse resetting the timer) without 
obtaining one cent. Indeed, as can he 
seen in Figure 4, many of the Kor¬ 
sakoff patients did just this. 

Figure 4 contains cumulative re¬ 
sponse records of four Korsakoffs on 
each of the four DRL schedules. The 
top record (Ki) comes from the 
poorest responder; the bottom record 
(K 4 ) is from one of the best. Normal 
subjects responded much like K 4 on 
interval schedules of up to 12 sec but 
continued to obtain pennies consis¬ 
tently through 18-sec intervals, 
Subject Ki, on the other hand, made 
more than 12,000 responses in his 
hour of testing but received only a few 
pennies on the 3-sec schedule, only 
one penny on the 6-sec schedule, and 
none on the remaining schedules. As 
in several previous experiments, 
performance by many alcoholics who 
did not exhibit clinical signs of Kor¬ 
sakoffs syndrome was intermediate 
between the Korsakoffs and the nor- 
malsubjects. 

The evidence obtained from this ex¬ 
periment shows clearly that Korsak¬ 
offs do respond prematurely, at least 
when required to withhold a response 
for some period of time. We wanted to 
know if this tendency to respond 
prematurely interferes with prob¬ 
lem-solving ability, and if so, how. To 
answer these questions, we first 
studied the ability of alcoholic Kor- 


problem-solving strategies as they 
performed simple two-choice visual 
discrimination tasks (Oscar-Berman 
1973), and then we examined the 
number of dimensions they used 
when they formulated their strategies 
(Oscar-Berman and Samuels 1977). 

We compared the performance of 
Korsakoff patients to that of other 
subjects on a visual discrimination 
test designed to evaluate what kinds } 
of hypotheses people use,when they 
try to solve simple problems (Levine 
1966). A subject was presented with 
a series of 16 two-choice visual dis¬ 
crimination trials (Fig. 5). The two | 
choices differed along the dimensions 
of color, size, form, and position; on 
any problem, there were two alter¬ 


natives for each dimension (e.g. gray 
and brown, large and small, T and X, 
left and right). On each of the 16 trials 


of the two alternatives that was 
“correct,” and he was told that the 
“correct aspect” of the choices would 
be the same throughout. It was the 
subject’s task to discover which of the 
eight cues was the relevant one. On 
trials 1, 6, 11, and 16, the experi¬ 
menter said “correct” or “wrong” in 


responses on these 12 trials we could 
determine what hypothesis, if any, 
was being used for problem solution. 
Each subject was given 32 problems 
like this one. 


subject’s response. 

12 trials no SUch feeuuacft was given 
From the patterns of the subject’ 


alcoholic Korsakoffs disease could 
formulate and use hypotheses but 
that their strategies usually did not 
lead to correct solutions. Rather, 
these patients perseverated—they 
kept using—one or two strategies 
over and over again throughout the 
test, even when they were told they 
were wrong. Nonalcoholic brain- 


in the left frontal portion of the brain 
(which controls speech output) were 
able to formulate and use hypotheses 
normally, suggesting that brain 
damage per se is not responsible for 
the pattern of results obtained with 
the Korsakoffs. As was true in our 
earlier studies, the performance by 
non-Korsakoff alcoholic patients was 
midway between that of the Korsak- 


asic subjects. 

In two subsequent studies (Oscar- 
Berman and Samuels 1977; Oscar- 






3-second interval 6-second interval 

Figure 4. The ability of Korsakoff patients to 
delay responding was tested by an experiment 
in which pressing a bar'was rewarded with 
pennies only if a certain amount of time had 
elapsed since the preceding press, If the subject 
pressed the bar before the programmed time 
interval was over, no penny was given, and the 
timer was reset for the same full interval 
Shown here are the cumulative response rec- 


12-seoonct Interval 


ords of four Korsakoff patients on four 16- 
minute trials, each with a different minimum 
elapsed-time interval. The ascending lines 
represent cumulative responses; the recording 
pen was reset after about 550 responses; 
downward deflections on the ascending lines 
indicate that the subject had waited at least the 
appropriate length of time before responding 
and a penny was delivered, Deflections on the 


18-second interval 

horizontal lines beneath the cumulative re¬ 
sponse records indicate the length of time that 
a penny was available, Some Korsakoff pa¬ 
tients (e.g. Kj) responded thousands of times 
and collected only a few cents during the entire 
hour of testing. Performance by K 4 on trials 
with 3« and 6-second intervals is the same as 
that obtained from normal control subjects, 
(From Oscar-Berman 1978.) 











1 __._ 1 

. T 

T 

V X 

X 

T 

X 


1 

T x ! 

1 

2 

3 t 

4 

5 

6 

7 

8 

♦ 

T A 

X 

X 

1 

I 

? X 

Ji T 

T 


9 10 


11 12 13 14 


15 


16 


Figure 5. In an experiment to determine 
strategies people use to solve simple visual 
discrimination problems, subjects are given 16 
two-choice trials. Only on trials 1,6,11, and 16 
are the subjects told whether or not their re¬ 
sponses are “correct” (“correct” choices are 


Berman and Gade 1979), we at¬ 
tempted to determine more directly 
the extent to which the perseverative 


indicated by arrows), Large has been selected 
by the experimenter to be the correct aspect in 
this series; most normal subjects select the 
correct choices by trials 12,13,14, and 15, In¬ 
correct strategies on these four trials are indi¬ 
cated by responses such as ERLL (gray), 


In the next study, we attempted to 


elementary level. We chose, therefore, 


be related to a limited attentional 
capacity. In the first of these two 
studies (Fig. 6), the patients were 
shown a card again displaying two 
choices. Following this, several test 
trials were given in which the alter¬ 
natives for each dimension were pre¬ 
sented alone; this enabled us to de¬ 
termine which aspects had been rel¬ 
evant to the patients in their original 
training experience. As we had an¬ 
ticipated might happen, the Korsak- 
offs responded to fewer dimensions 
than the control subjects. 

For example, in the process of learn¬ 
ing to select a large,'brown X on the 
left side (rather than a small, gray T 
on the right), the Korsakoff's often 
used only the color and size differ¬ 
ences between the two choices to tell 


differences in form or position. 
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Figure 6, Cards such as these are used to test 
attention to various aspects of a visual dis¬ 
crimination problem. A subject is shown the 
card on the left, and, by the experimenter’s 
response to his choice, he discovers that the 
large, blue X on the left is the “correct” selec¬ 
tion. He is then shown cards presenting alter¬ 


natives for each variable aspect (size, color, 
form, and position) individually. The correct 
choices, of course, are large, blue, X, and left. 
Korsakoff patients appear to notice one or two 
of the relevant aspects, ignoring the other fea¬ 
tures. (After Oscar-Berman and Samuels 
1977.) 


that resembles a lie-detector test. We 
placed electrodes on the palms and 
fingers of our subjects’ hands and 
measured electrodermal activity 
(perspiration) as they relaxed and 
listened to 20 unpredictably spaced 
loud buzzer sounds, each lasting 1 


of silence. 

We contrasted the Korsakoffs with 
patients with Huntington’s disease, 


etiologies, patients with language 
disturbance (aphasia) caused by 
damage in the left frontal area of the 
brain, and subjects with no neuro¬ 
logical abnormalities, The three 
neurologically impaired groups were 
chosen for comparison with the Kor¬ 
sakoffs for several reasons: first, to 
show that deficits in Korsakoffs are 
not the result of their having brain 


LLLL (the position left), LRLR (T), Lack of 
any strategy is indicated by all combinations 
of three selections of one side and one of the 
other—LLLR, RLRR, and so on. (See Levins 
1966; Oscar-Berman 1973.) 


damage per se; second, to provide new 
data on groups of neurological pa¬ 
tients known to have different be¬ 
havioral abnormalities; and third, to 
narrow the focus on the particular 
brain structure that may be involved 
in controlling the impaired functions. 
Caution is needed, to be sure, in 
making conclusions about the rela¬ 
tionships between brain function and 
structure because the brain lesions in 
most neurological patients are neither 
precise nor focal. 

Figure 7 shows the results of our ex¬ 
periment. Mean log skin conductance 
levels within the first 5 seconds fol¬ 
lowing the onset of the sound (com¬ 
puted as a change from the immedi¬ 
ately preceding level) are plotted 
across ten blocks of two stimulus 
presentations (curves for aphasic and 
parkinsonian patients resembled 
those for normal patients and are 
therefore omitted in the figure). A 
normal person sitting on a reclining 
chair shows, upon hearing a loud 
noise, a strong orienting reaction; the 
electrode picks this up and causes a 
sharp deflection on the recording 
machine. The Korsakoff patients by 
and large had significantly reduced 
orienting responses in comparison to 
normal controls and aphasics. This \ 
was particularly striking in view of s 
the fact that the resting conductance 
levels of the Korsakoffs did not differ 
significantly from those of the normal 
controls. 

A similar pattern of results was seen 
in the patients with Huntington's 
disease, though the other brain-in¬ 


jured groups resembled the normal 
controls. The similarity of effects in 


may result from the fact that both 
groups have damage to the cortex of 
the frontal lobes, although the origins 
of this damage differ. That the Kor¬ 
sakoff findings are not due to com¬ 
plications of peripheral nerve damage 
is obvious from parallel findings we 
obtained by recording (concurrently 
with electrodermal responses) earlobe 
blood pulse volumes with a trans¬ 
ducer sensitive to such changes. 

Motivational problems 

While we were exploring perceptual 
and attentional deficits in Korsakoff 
patients, it became apparent that we 
should also consider their motiva¬ 
tional levels. This was especially im¬ 
portant because the regions of the 
brain that are known to be damaged 
include a neuroanatomical substrate 
traditionally regarded as having 
control over normal emotional and 
motivational processes, the limbic 
system. Major brain structures in the 
limbic system include the hippo¬ 
campus, the amygdala, the mammil¬ 
lary bodies of the hypothalamus, the 
anterior nuclei of the thalamus, and 
the cingulate cortex (see Fig. 1), The 
areas of brain damage associated with 
alcoholic Korsakoff’s disease will be 
discussed in more detail below, but 
among them are the mammillary 
bodies of the hypothalamus—a major 
recipient of hippocampal output— 
and the medial and anterior portions 
of the thalamus—most notably the 
dorsomedial nucleus (an area impor¬ 
tant in linking the limbic system with 
the prefrontal cortex). In addition, 


frequently in Talland’s Korsakoff 
patients (Talland 1965), though these 
symptoms had not been observed in 
a systematic way. Therefore, my col- 


assess one aspect of motivation, the 
sensitivity of Korsakoff patients to 
changes in reinforcement contingen¬ 
cies (Oscar-Berman, Sahakian, and 
Wikmark 1976; Oscar-Berman, 
Heyman, Bonner, and Ryder, in 
press). The first of these experiments 
is a spatial probability-learning test 
(PL); the second is a concurrent 
variable-interval variable-interval 
test (cone VIVI). 


!J 

• E 
?810 












\ normals 

\ 









\ 









Korsakoffs 

**** . . . 

h 

-a 







"X^Huntingtor 


/> 11 

""" 1 

_[_ 




Blocks of 2 stimuli 


Figure 7. Changes in mean log skin conduc¬ 
tance levels in response to unexpected buzzer 
sounds distinguish Korsakoffs from normal 


' when they first hear the sounds; as they become 
accustomed to them, the reaction lessens. 


do too (and their curves are therefore not 


but the overall payoffs become ob¬ 
vious as the game is played. We 
changed the payoffs each day for 
three days, in order to see if the 
changes would be noted equally well 
by Korsakoff and control subjects. 

A subject and the experimenter faced 
each other across a small table; they 
were separated by a curtain which 
could be raised and lowered to pre¬ 
vent the subject from seeing the 
“baiting” procedure. Two identical 
black, square, wood plaques, about 4 
X 4 inches, were placed over two 
shallow wells about 1 foot apart on 
the table. The subjects were in¬ 
structed to try to find the penny 
hidden under one of the black 
plaques. Only one of the plaques 
could be lifted each time the curtain 
was raised, and only one plaque hid a 
penny. If the penny was found, the 
subject could keep it. If the penny was 
not found (an error), the curtain was 
lowered and the subject got another 
chance to respond with the penny 
where it had been, A series of choices 
by the subject was considered one 
trial until the subject found the 


a game of chance where the stakes on 
each bet are unknown to the player 


one trial are not distinguished for the 
subject from successive trials. The 
subjects were tested for 300 trials on 
three consecutive days. 

On the first day, the penny was hid* 


shown), indicating that brain damage in itself 
is not responsible for tlie difference. The Kor¬ 
sakoff patients show little response even to the 
first buzzer sounds, suggesting subnormal 
arousal levels. Huntington patients were like¬ 
wise hypoaetive, possibly because of damage to 
the same or a functionally related part of the 
brain. (After Oscar-Berman and Gade 1979.) 


sides (50:50 reinforcement ratio). On 
the second day, the reinforcement 
ratio was 70:30, with the right side 
being rewarded in the majority of the 
trials. On the third day, the ratio was 
30:70 (right minority), Also on the 
third day, in order to allow more 
learning time for poorer subjects, a 
maximum of 200 additional trials was 
permitted. 

Results of the first day of testing 
showed that when the Korsakoff pa¬ 
tients made an initial error, they 
persisted in going to the wrong side 
over and over again. However, once 
they corrected an error on any par¬ 
ticular trial, they were as able as 
control subjects to distribute subse¬ 
quent initial responses on new trials 
equally between the left and right 
sides (Fig. 8). On the second and third 
days of testing, their tendency to 
perseverate in erroneous responses 
decreased, but they seemed to be very 
slow at adjusting to the changes in the 
overall reward contingencies, That is, 
although on the first day the Kor¬ 
sakoff patients had distributed their 
initial responses in accordance with 
the 50:50 reinforcement ratio (show¬ 
ing that they knew how to play the 
game), they did not switch to 70:30 on 
the second day, and only began to 
show a 30:70 ratio in their choices by 
the last block of trials on the third 
day. The Korsakoffs appeared not to 
notice the changes in payoffs, and 
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continued to respond for nearly three 
days according to the payoff they had 
received on the first day, 

A similar result was obtained in the 
cone VI VI experiment. Here, a 
subject faces an automatic apparatus 
containing translucent keys, onto 
which different colored lights can be 
projected, and a well, into which 
pennies can be dropped from behind. 
Two independent timers control the 
availability of pennies, one timer 
connected to a red-lighted key and 
the other to a green-lighted key. At 
random intervals, each timer makes 


Phase 1 (50:50) 


Phase 2 (70:30) 


the subject presses the key to which 
that timer is connected. Once a penny 
has been released, the timer starts a 
new interval, after which another 
penny becomes available. Although 
interval times vary randomly, inter- 


of Korsakoff’s syndrome. Reversal 
tasks usually involve two choices 
which, over time, alternate between 
being “correct” and “incorrect.” 



those on the other timer. 

Because the two timers run inde¬ 
pendently, a penny may be available 
at any moment from both, either, or 
neither of the two sources. Conse¬ 
quently, subjects switch back and 
forth from one key to the other, di¬ 
viding their time between the two 
schedules. Usually, however, one key 
will produce pennies more frequently 
than the other, making the stakes 
higher on one key than the other. 

Normal subjects will perform in the 
cone VIVI situation much as they 
perform with the spatial PL task: 
they distribute their responses in ac¬ 
cordance with the two different 
payoffs available to them. The Kor¬ 
sakoff patients, however, showed a 
relative insensitivity to the different 
payoffs, just as they had on the PL 
task. Sometimes they even responded 
most often to the schedule with the 
lower stakes. In neither the PL task 
nor the cone VIVI task did the Kor- 
sakoffs seem to have a generalized 
motivational deficit: they cooperated 
fully and wanted to earn as much 
money as they could. Rather, they 
seemed to have an abnormally low 
sensitivity to the existing reward 
contingencies. 

In another experiment, Stuart Zola- 


Figure 8. In left-right spatial-probability 
learning problems, normal subjects distribute 
their responses quite accurately according to 
overall payoffs. Each phase represents a dif¬ 
ferent probability of finding a reward on the 
right side. Korsakoff patients have trouble 
adjusting their choices to correspond with the 


Thus, there is a series of problems, in 
each of which a reward is delivered for 
a response to a given side (in spatial 
tasks) or to a given pattern or object 
(in visual tasks). After a subject has 
learned to choose the rewarded side 
or pattern consistently, the reward 
contingencies are reversed, and the 
previously unrewarded side (or pat¬ 
tern) is now rewarded. We selected a 


reasons: it provides a measure of 


to trace the development of learning 
strategies; it is sensitive to persever- 
ative response tendencies that are 
carried from one situation into an¬ 
other; it allows for the use of more 
than one cue modality, a factor that 
is helpful in comparing modality- 
specific with spatial-specific deficits; 
and it provides for yet another way to 
assess the manner in which stimuli 
become invested with motivational 
significance, 

We compared the performance of 
Korsakoff patients with that of alco¬ 
holic controls and patients with 
aphasia or Huntington’s disease* 
Each subject was given ten spatial 


available rewards, holding on to their first ex¬ 
perience of reinforcement distributions, Non- 
Korsakoff alcoholic subjects, as in other ex¬ 
periments, fall between Korsakoffs and normal 
subjects, (After Oscar-Berman, Sahakian, and 
Wikmark 1976.) 


yond the first of either the spatial or 
the visual problems did not differen¬ 
tiate among the patient groups. This 
suggests that all of the groups, in¬ 
cluding the Korsakoffs, are capable of 
learning to make visual and spatial 
discriminations. 

On a few of the reversal tasks, how¬ 
ever, the Korsakoff and Huntington 
patients performed less well than the 
remaining groups. The Korsakoffs 
had a deficit that was not task spe¬ 
cific; they were impaired relative to 


and visual problems, the most ob¬ 
vious being the first reversal of each 
task. The Huntington patients, on the 
other hand, were impaired only on the 
first reversal of the visual problem, 
and they did not differ significantly 
from any of the other groups on the 


Moreover, the pattern of errors ex-1 
hibited on the visual reversal tasks by J 
Korsakoff and Huntington patients 
indicated that the two groups were 
impaired for different reasons. Error 


learning and nine reversals). The re¬ 
sults obtained on the original learning 
problem and on most reversals be- 


three stages in responses to reversal 
problems. Stage 1 is identified by a 
score of seven or more errors in a 
block of ten trials; it represents re¬ 


tention of an old response in a new 
problem. Stage 2 is a level of chance 
performance, identified by a score of 
four to six errors in ten trials; this 
stage represents a period when the 
reward significance of a side or pat¬ 
tern is appreciated, and during which 
new learning can occur. Stage 3 is an 
above-chance level of performance 
just prior to the subject’s having 
learned the correct discrimination to 
a criterion of 90% correct answers and 
is characterized by a score of two or 
three errors in a block of ten trials. 

In contrast to the other groups, the 
Korsakoffs made most of their errors 
in stage 2; in other words, they re¬ 
mained in stage 2 longer than in any 
other stage. This is strong evidence 
that the Korsakoff reversal deficits on 
visual and spatial tasks reflect their 
difficulty in recognizing the relevance 
of cues and, therefore, in forming new 
associations subsequent to unlearning 
a related old response. Although the 
precise mechanism(s) by which as¬ 
sociative learning may be retarded is 
not known, these results support our 
previous findings that Korsakoff pa¬ 
tients are relatively unresponsive to 
reinforcement contingencies, that 
their attention is restricted, and that 
they find it accordingly difficult to 
adjust their responses or strategies of 
learning. (The distribution of the 
Huntington patients’ errors across 
the three stages of reversal learning 
was essentially flat and did not dis¬ 
tinguish them from the alcoholic or 
aphasic patients, although Hunting- 
ton patients made more errors on all 
of the stages than either of the other 
two groups. For further discussion of 
our findings on Huntington patients, 
see Oscar-Berman and Zola-Morgan, 
in press a, b; and Oscar-Berman, 
Oberg, and Zola-Morgan, unpubl.) 

Abnormalities in sensitivity to avail¬ 
able rewards can have direct bearing 
on the ability to learn new material. 
If someone is only dimly aware of the 
relevance of a particular item, or some 
piece of information is seemingly 
unimportant, that item or informa¬ 
tion may never be learned. The exact 
role of reinforcement in the learning 
process is still a matter of debate (e.g. 
see Hilgard and Bower 1975); but 
there is general agreement that it fa¬ 
cilitates the association of stimuli 
(internal and external) with certain 
activities, responses, or other stim¬ 
uli—hence the term associative 
learning. Like deficits in perceptual 


processing or attention, defects in 
learning may appear as problems of 
memory. 

Comparative 

neuropsychology 

In the experiment just described and 
in other experiments, my colleagues 
and I borrowed tests originally de¬ 
veloped and widely used to measure 
the behavioral effects of brain dam¬ 
age in animals. Nonhuman animals 
are used as experimental subjects 
because lesions can be made with 
precision in circumscribed sites in 
their brains. Tests to measure be¬ 
havioral functions are then adminis¬ 
tered, and from the pattern of deficits 
observed in brain-damaged animals 
compared to control animals, normal 
functions of lost structures are in¬ 
ferred. The brain sites chosen for 
study are usually ones implicated in 
clinical cases of human neuropathol¬ 
ogy, and the behavioral functions 
correlated with those sites are 
thought to be homologous to func¬ 
tions in humans. 

But human neuropathology is rarely 
examined explicitly with the same 
experimental paradigms known to be 
valid and reliable tests of nonhuman 
functional breakdown following brain 
damage. Such comparative neuro¬ 
psychology is in order. There is a vast 
literature on the immediate and 
long-range effects of brain lesions on 
the behavior of nonhuman primates. 
By using the same performance 
measures on humans that are used on 
animals (even though humans can use 
language and animals cannot), the 
effects on behavior of damage to ho¬ 
mologous brain structures can be 
compared directly. Moreover, be¬ 
cause elementary samples of behavior 
can be assessed by these techniques 
with great accuracy, subtle differ¬ 
ences among different brain-damaged 
human groups can be explored, 

Korsakoff did not link any particular 
brain structure with the psychological 
disorder he observed, although he did 
mention that signs of brain-stem 
damage were apparent. It should be 
noted at this point that while the 
amnesia in Korsakoffs syndrome due 
to alcoholism resembles amnesic 
symptoms due to other causes (e.g. 
bitemporal surgery or Herpes simplex 
encephalitis), the overall patterns of 
behavioral impairment are not the 
same. As we have seen, Korsakoff’s 


syndrome comprises a wide variety of 
abnormalities, whereas amnesic syn¬ 
dromes of other etiologies appear to 
be more closely tied to “pure” short¬ 
term memory impairments (Lher- 
mitte and Signoret 1976). These dif¬ 
ferences are probably related to the 
contrast between the widespread ce¬ 
rebral damage caused directly or in¬ 
directly by alcoholism and the more 
circumscribed lesions incurred by 
surgery or disease. 

Studies of brain function in nonhu¬ 
man primates have been relevant to 
alcoholic Korsakoffs syndrome be¬ 
cause they have implicated a number 
of brain areas in the mediation of as¬ 
sociative learning and memory. For 
instance, Jones and Mishkin (1972) 
found that the functioning of mon¬ 
keys with combined temporal pole 
and amygdala lesions was impaired 
on both spatial and visual reversal 
tests, and like Korsakoff patients, the 
monkeys made most of their errors on 
stage 2. Mishkin (1978) has gone on to 
implicate damage to the amygdala in 
cases of bitemporal human amnesia 
by showing that, in monkeys, com¬ 
bined but not separate damage to the 
hippocampus and amygdala impairs 
performance on a complicated mem¬ 
ory task. Since the dorsomedial nu¬ 
cleus of the thalamus has reciprocal 
connections with the amygdala 
(Nauta 1972), and since the amygdala 
typically is removed with hippocam¬ 
pal surgery (in humans), Mishkin’s 
findings in monkeys are consistent 
with the view that combined lesions 
might be responsible for human am¬ 
nesic defects. 

Pribram and McGuinness (1975) 
have noted that amygdalectomy in 
animals sometimes results in the 
elimination of autonomic orienting 
responses (e.g. electrodermal re¬ 
sponsiveness to tones). One of the 
amygdala systems relates to a specific 
part of the frontal-lobe cortex, and 
converges on hypothalamic structures 
involved in arousal (e.g. connections 
between the mammillary bodies of 
the hypothalamus and the reticular 
activating system). To the extent that 
any of these brain regions is damaged 
in alcoholic Korsakoff’s disease 
(frontal and hypothalamic damage 
already having been documented), it 
is possible that the associative deficits 
seen in these patients may be a re¬ 
flection of a reduced level of arousal. 
Reduced arousal may take a specific 
form, such as the reduction in sensi¬ 
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Figure 9, Concurrent visual discrimination one of the two is always 1 ‘correct, ” but several and with Korsakoffs more pairs were used and 

tasks test the subject’s ability to learn and re- pairs of alternatives are presented to the each pair appeared 5 times in a block of 

member several different discriminations. The subject in random succession. Here, 3 pairs are trials, 
same alternatives are always paired, the same interspersed, but in experiments with pionkeys 


tivity to the significance of the rein- the hospital staff with whom he in- (Oscar-Berman, Oberg, and Zola- } 
forcement, or it may be more general teracted every day. The defect in this Morgan, unpubl.), we found consis- !' 
in nature. We have already reviewed patient has not changed significantly tent impairments in Korsakoffs. [;■’ 
evidence of reduced arousal and re- over the last twenty-five years. Sim- What was striking was their impaired i/ 
duced sensitivity to changes in reward ilar disorders of memory were later functioning on delayed-response 
contingencies in Korsakoff patients observed in a number of other pa- memory tests that in monkeys char- |‘ 
(Oscar-Berman, Sahakian, and Wik* tients on whom Scoville had per- acteristically measure no deficits after & 
mark 1976; Oscar-Berman and Gade formed temporal-lobe surgery in an hippocampal lesions but large deficits p 
1979; Oscar-Berman, Heyman, Bon- attempt to alleviate severe psycho- after prefrontal cortex ablations. 
ner, and Ryder, in press). pathology. Memory seemed to dete- Furthermore, it is probably not r 

riorate progressively as a function of merely a coincidence that deficits in 
Experiments by Iwai and Mishkin increasing amounts of damage to the information processing, difficulty in / 
(1969) and Cowey and Gross (1970) hippocampus. focusing attention, poor formation / 

have implicated the anterior part of and use of strategies for resolving : 

the temporal lobe in associative This is not the complete story for al- problems, and perseveration are 
learning and memory (see Wilson coholic Korsakoff patients, however, characteristic of human patients with * 
1978 for review). Removal of infero- We found that they were just as poor frontal-lobe damage (Luria 1966; 
temporal cortex in monkeys produced on a concurrent discrimination task Lherraitte and Signoret 1976). 
a severe deficit on a concurrent visual made up of familiar individual dis- 

discrimination task that strains an criminations that they had learned It is likely that the multiplicity of - 
organism’s ability to form relevant prior to concurrent presentation (in deficits observed in alcoholic Kor* : 
associations between the attributes of identical pairings and with identical sakoff patients can be linked to the j 
objects and reinforcement. The rewards) as on concurrent problems multiplicity of their sites of brain t: 
monkey is presented with various they had never before encountered, damage: frontal cortex, amygdala, : 
pairs of objects in random succession Thus, some factor inherent in the and/or their connections for atten- ) 
until the animal learns to choose what concurrent procedure—e.g. interfer- tional deficits; frontal cortex, tern- v 
has been selected as the “correct” ence generated by multiple prob- poral cortex, and/or their connections 
member in every pair (Pig. 9). We lems—is responsible in part for the for perceptual retardation; hypo- / 
have recently tested Korsakoff pa- large number of errors on these tasks, thalamus, thalamus, and/or amygdala / 
tients on a similar concurrent visual Recall that we saw quite early in this for abnormal responsiveness to re- 
discrimination task and found them paper that Korsakoff patients lack ward contingencies; temporal-lobe 
to be severely impaired (Oscar-Ber- inhibition in some tasks, and their structures and/or frontal cortex for 
man and Zola-Morgan, in press b). premature responses interfere with associative-learning deficits. We do r 
normal learning and performance, not yet know whether the pattern of 
Other investigators have implicated Two obvious brain regions known effects seen in alcoholic Korsakoff 
the temporal cortex and its subcorti- from animal and human work to be patients is due to damage to a single ; 
cal connections in the human amnesic involved in “interference” are the structure with many afferent and ef- 
syndromes (Horel 1978). For exam- frontal cortex and the hippo- ferent influences (e.g. the mammil- 
ple, in the mid 1950s, a neurosurgeon campus. lary bodies of the hypothalamus or 

named W. B. Scoville provided con- the dorsomedial thalamic nucleus), to 

vincing evidence that the medial Disruption of normal hippocampal multiple lesions of different subcor- 
parts of the temporal lobes are critical function is inferred from the well- tical or cortical areas (such as frontal 
for human memory (Scoville and documented mammillary-body or temporal cortex), or to some com- \ 
Milner 1957). Scoville had removed a damage in Korsakoff patients. There bination of damage to cortical and/or ) 
large portion of the temporal lobe is now ample evidence of frontal-lobe subcortical structures, 
bilaterally in a patient with a long damage after chronic, long-term al- 

history of epileptic seizures. Postop- cohol ingestion, either directly or in- There have been a few careful post- 
eratively it was obvious that the pa- directly as a result of damage to the mortem analyses of the brains of al* 
tient had suffered a profound mem- dorsomedial nucleus of the thalamus, coholic Korsakoff patients, and 
0p y disturbance. He could not recall When we tested our patients on tasks computerized tomography (CT) x-ray 
the day-to-day events of his hospital sensitive to both frontal lobe and techniques have made possible a se- , 
life, and he was unable to recognize hippocampal damage in monkeys ries of studies of brain pathology in 
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chronic alcoholics with and without 
Korsakoffs syndrome (e.g. see Victor 
and Banker 1978). To date, results of 
CT and postmortem studies do not 
always agree on the exact structures 
that are damaged, but all studies do 
confirm that the damage is exten¬ 
sive—the principal or most frequent 
targets being the thalamus (especially 
the dorsomedial nucleus, the pulvi- 
nar, and the anterior and dorsolateral 
nuclei), the hypothalamus (particu¬ 
larly the mammillary bodies, which 
receive strong hippocampal input), 
and the neocortex (frontal cortex and 
other association areas). 

This is quite a complicated picture. 
Moreover, the functions that are 
disrupted in alcoholic Korsakoffs 
disease are themselves very much 
intertwined, Memory depends upon 
what has been learned, and vice versa. 
Learning and memory depend upon 
attention, motivation, and the 
amount of information that can be 
processed. A minimal level of arousal 
is needed to process information. 
Arousal and attention are heightened 
by increases in perceptual processing 
and motivation. 

We do not know to what extent the 
amnesia in alcoholic Korsakoffs 
syndrome is influenced by abnor¬ 
malities in one or more of these sep¬ 
arate functions, or by some combi¬ 
nation that is qualitatively different 
from an additive sum of separate 
functional deficits. In the years since 
Korsakoff first described “polyneur¬ 
itic psychosis,” much has been added 
to our facts about organically based 
memory disorders, but the amnesias 
are still far from being fully under¬ 
stood. Perhaps after another decade 
of research the problem will be 
solved—but not forgotten! 
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Roger A. Strehlow 


Accidental explosions are an unde¬ 
sirable side effect of man’s'techno¬ 
logical development. The first such 
explosions were undoubtedly associ¬ 
ated with the manufacture, handling, 
and use of black powder. In the Mid¬ 
dle Ages alchemists inadvertently 
caused explosions by mixing incom¬ 
patible chemicals. The development 
by Lavoisier (1789) of a systematic 
nomenclature for inorganic com¬ 
pounds led to the golden age of pre¬ 
parative chemistry, during which 
many new explosive substances and 
mixtures were prepared, resulting in 
more laboratory-scale explosions. 
This in turn led quickly to larger ac¬ 
cidental explosions with the devel¬ 
opment of the new field of high ex¬ 
plosive technology. 

At about the same time, the industrial 
revolution, with its need for fossil fuel 
energy, introduced coal mine explo¬ 
sions to mankind. The commerciali¬ 
zation of grain handling and milling 
in the nineteenth century led to many 
major grain elevator and mill explo¬ 
sions (Price and Brown 1922). The 
recent development of larger and 
larger single-line petrochemical pro¬ 
cess units and the bulk transport and 
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Accidental Explosions 

Recent research has significantly increased our 
understanding of the causes and behavior of 
accidental explosions and has produced new and 
more effective safety measures 
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Figure 1. The blast wave from an ideal explo¬ 
sion is a simple pressure wave with spherical 
symmetry, the leading edge of which is a shock 
wave. In its wake, the pressure drops to a sub- 
atmospheric level (negative phase) before re¬ 
turning to the ambient level due to recom¬ 
pression. The shape of the wave at any instant 
in time is shown at the top, and the experience 
of a stationary observer as the blast wave passes 
is shown at the bottom. (After Baker 1973.) 
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storage of ever-increasing quantities 
of fuels under high pressure or at low 
temperature have led to boiling-liq¬ 
uid expanding-vapor explosions, or 
BLEVEs, and unconfined vapor- 
cloud explosions. These can be di¬ 
sastrous, and their frequent incidence 
in the last decade has led to a resur¬ 
gence of research into the nature of all 
explosions. 

The term explosion is not very pre¬ 
cise. I shall use it in this article to 
mean a process in which the produc¬ 
tion or release of a gas under high 
pressure is rapid enough to cause a 
pressure wave, usually called a blast 
wave, to propagate through the sur¬ 
rounding medium, usually air. Ex¬ 
plosions are audible at some distance 
from the source: nearby an explosion 
is heard as a sharp “crack,” while far 
away, owing to atmospheric inhomo¬ 
geneities, it is heard as a "boom.” 

The most important aspect of any 
accidental explosion is of course the 
damage it produces, and I shall dis¬ 
cuss briefly how destruction occurs. 
Next I shall describe the sequence of 
events that leads to explosions and 
the processes in the source region 
during the explosion itself. Then I 
shall consider the current status of 
research on accidental explosions. 

Damage mechanisms 

Explosion damage occurs for a num¬ 
ber of reasons. The enclosing struc¬ 
ture can be blown apart and become 
the source of primary fragments. The 
blast wave can inflict damage on 
objects it encounters, sometimes 
producing secondary fragments that 
can damage other objects (e.g. flying 
glass from windows) . Radiation from 
certain combustion explosions can 
cause burns and ignite combustible 
material at a distance. 


Internal damage to the enclosing 
structure, though difficult to quan¬ 
tify, can be used to evaluate the 
course of an explosion. In buildings 
the direction in which objects such as 
walls, partitions, furniture, etc., are 
displaced can usually be used to 
diagnose the .progress of the explo¬ 
sion. Metal vessels rupture in either 
a brittle or ductile mode, depending 
on the particular metal, its tempera¬ 
ture, and the rate of application of the 
internal pressure. In certain cases, 
analysis of the trajectories of primary 
fragments can be used to deduce the 
forces acting at the moment of rup¬ 
ture (U.S. Atomic Energy Commis¬ 
sion 1966). Baker and co-workers 
(1975,1978) have shown that primary 
fragment patterns, though somewhat 
irreproducible, can be predicted with 
reasonable accuracy. 

The blast wave produced by an ex¬ 
plosion is called a free-field blast wave : 
until it interacts with objects in its 
path. Its structure is quite dependent : 
upon the behavior of the source of the : 
explosion. If the source has a very 
high energy density (units, J m“ 3 ) ; 
and also a high power density (units, [ 
J m -3 s*" 1 ), i.e. releases the energy [ 
very rapidly, both the source and the 
blast wave are said to be ideal. 

Our understanding of the structure, 
scaling laws, and damage potential of • 
an ideal blast wave is now well de¬ 
veloped (Lee et al. 1969; Baker 1973; ; 
Swisdak 1975). Three kinds of ex- 
plosions that yield ideal blast waves \ 
are point source explosions, nuclear 
explosions, and condensed phase 
detonations. A point source explosion 
is a mathematical idealization; a fixed b 
amount of energy is released at a 
point in an infinite uniform atmo- ■ 
sphere in an infinitesimal time, Its ; 
energy and power densities are : 
therefore infinite. A small volume ofV 


air in the vicinity of the source is 
compressed and heated, thereby 
producing a region of very high pres¬ 
sure that is bounded by a strong 
spherical shock wave. This wave de¬ 
cays as it travels away from the source 
and eventually becomes a weak 
acoustic wave. 



Nuclear explosions and condensed 

phase detonations also have very high Sperrazza (1951) was the first to show 
energy and power densities. Their empirically that blast damage in any 
blast waves become ideal waves be- specific mode is related to both the 
fore their shock pressures have peak overpressure, P, and the-positive 
dropped below the levels required for impulse, I, of the wave (Fig. 1). Spe- 
total destruction of objects in their cifically he observed that there is an 
paths. Thus, for all practical pur- impulse asymptote below which there 
poses, their blast waves may be con- is no damage, irrespective of the 
sidered ideal, even though there are magnitude of the overpressure, and 
near-field differences. Sachs (1944) an overpressure asymptote below 
was the first to show that the tempo- which there is no damage, irrespective 
ral structure of all ideal blast waves is of the impulse (or duration) of the 
similar, and that their properties are blast loading. An example of this be- 
related only to the total energy of the havior is shown in Figure 2. Newmark 
source and the distance of the ob- (1953) independently and analytically 
server from the source. . identified the two P-1 threshold 

asymptotes for damage, using the 
A free-field blast wave interacts with concept of energy absorption. Baker 
objects it encounters in a very com- and his colleagues (1978) showed re- 
piex manner, The shock is reflected 
and refracted, and produces higher 


cently that the Jarrett (1968) formula 
for blast damage to brick houses, 
which was developed empirically 
from bomb damage during World 
War II, yields typical asymptotic be¬ 
havior when plotted in the P-/ plane, 
This is especially interesting since, 
unlike Sperrazza, they did not spe¬ 
cifically identify impulse as being 
important. 

The response of objects to drag forces 
induced by the blast wave is more 
complex than that predicted by sim¬ 
ple P-I response curves (Baker et al. 
1978). This is because the kinetic 
energy of the flow associated with the 
blast wave imposes a drag force which 
can cause bending of thin objects such 


in the free field, thereby causing 
objects to bend, buckle, tear, or 
shatter. 


Figure 2. For lung damage in man, both over¬ 
pressure and impulse asymptotes have been 
observed. For eardrum rupture, only the ov¬ 
erpressure asymptote has been observed. The 
response of the eardrum is so rapid that even 
a blast wave with a small impulse appears as a 
pulse of long duration, making it impossible to 
observe the impulse asymptote. Even for 
temporary hearing impairment (~24 hr), it has 
not been possible to observe the impulse as¬ 
ymptote, even though the curve is rising toward 
the asymptote. (After Baker et al, 1978.) 
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as flagpoles or light standards, or 
tumbling or gross displacement of 
unattached bodies such as trucks or 
people (Baker et al. 1973). The drag 
force is dependent on both the shape 
of the blast wave and the detailed 
shape and orientation of the object. 
Penny and his colleagues (1970) 
based their determination of the 
TNT equivalent of the Hiroshima 
and Nagasaki atomic bombs on such 
drag forces. 

If the accidental explosion is a com¬ 
bustion explosion and produces a 
fireball, radiation damage can be se- 


and may eventually provide infor¬ 
mation on the extent of the damage 
for specific exposure levels and rea¬ 
sonable criteria for allowable fireball 
exposure. 

Types of accidental 
explosions 

The term accidental explosion covers 
a wide spectrum, and obviously no 
two explosions are exactly alike. It is 
nevertheless possible to group acci¬ 
dental explosions into nine major 
categories, each with its own distinc¬ 
tive characteristics (Table 1). 


Table 1. Categories of accidental explosions and where they are most likely to occur 
Type of explosion Typical situations 


Condensed phase detonations 


Combustion explosions of gaseous or liquid 
fuels in enclosures 

Combustion explosions of dusts In enclosures 

Bolling-liquid expanding-vapor explosions 
(BLEVEs) 

Unconflned vapor-cloud explosions 

Explosions of pressurized vessels containing 
nonreactive gaseous materials 

Explosions resulting from chemical reactor 
runaway 


Chemical reactors, distillation columns, 
separators, factories that produce high 
explosives and propellants 

Buildings, ships, tankers, boilers, 
compressed-airlines 

Coal mines, grain elevators, pharmaceutical 
industry 

Ductile vessels such as tank cars containing 
combustible high vapor-pressure liquids 

Spills of highly volatile fuels, chemical plants 

Boilers, pressurized gas tanks 

Chemical reactors 


Physical vapor explosions Island volcanoes, molten material poured into 

a moist container 

Explosions resulting from nuclear reactor Nuclear reactors 
runaway 


vere. The amount of radiation is pri- Condensed phase detonations ap- 
marily a function of the size and du- proximate ideal explosions—those 
ration of the fireball, since fireball with infinite energy and power den- 
temperatures for most fuels are ap- sities—although in practice the blast 
proximately the same (* 1350°K). wave is usually attenuated somewhat 
Recently it has been postulated that due to confinement. Blast and frag- 
fir eball damage can be evaluated by ment damage can be estimated if the 
a technique similar to the P-I tech- quantity of material and the degree of 
nique for blast-wave damage (Baker confinement are known (AMCP1972; 
et al. 1978). In this case the static Baker 1973; Swisdak 1975). There 
pressure asymptote is replaced by a have been detonations of this sort 
radiation flux rate asymptote for long during the manufacture, transport, 
exposures, and the impulse asymp- storage, and use of high explosives 
tote by an asymptote representing the and propellants, and in chemical re¬ 
total flux for exposures of short du- actors, distillation columns, separa- 
ration. The approach looks promising tors, etc., when some unwanted and 


highly sensitive substance has acci- [ 
dentally been allowed to concern | 
trate. 

b 

When large quantities of high explo- I 
sives are handled or stored in bulk or j 
in containers that are in relatively 
close contact, detonation can be truly ( 
disastrous. In 1921, in Oppau, Ger¬ 
many, a congealed mass of 4.1 X10 6 | 
kg of ammonium nitrate-sulfate 
double salt that was being broken up 
with dynamite for use as fertilizer 
detonated as a unit, killing an esti¬ 
mated 1,100 people, causing severe : 
damage up to 6 km away, and leaving ; 
a crater 130 m in diameter and 60 m 
deep. Until the time of the disaster, it i 
had been thought that this salt, even i : 
though exothermic, could not support t 
a detonation. Even today, labora- - 
tory-scale testing would indicate that ,E: 
it is nondetonatable because its ; 
minimum charge diameter for deto- ' 
nation is much larger than the size - 
usually used for sensitivity tests, j 
Another major explosion involving EE 
ammonium nitrate took place in EE: 
Texas City in April 1947, when the E 
ship Grand Camp caught fire ' 
(Wheaton 1948). The fire accelerated . 
out of control, causing the ammonium 
nitrate in the hold to detonate. All 
houses within a 1.5 km radius were ■ 
totally destroyed, and it was esti- * 
mated that 516 people were killed and ; 
that property damage amounted to b 
$67 million, 

The second type of explosion, the. / 
combustion explosion of a gaseous or \ 
liquid fuel in an enclosure, has two t- 
distinct limit behaviors. An enclosure E 
that has a length-to-diameter ratio E 
(L/D) of about one and that is not too ; 
cluttered with equipment, partite, ; 
etc., will usually suffer a simple . 
overpressure explosion. The rise in 
pressure is relatively slow, and the b 
weakest windows or walls blowout f 
first. In a simple frame building, the 
ceiling will rise and the walls will all 
fall out at about the same time. In a | 
steel container like a ship hold or a 
boiler, the enclosure will tend to be- j ; 
come spherical until a tear or rip E 
vents the contents. Although the V 
damage to the enclosure may be ex- > 
tensive, the resultant blast wave is | 
ordinarily quite weak, because, in | 
general, buildings, ships, or boilers 
vent at very low overpressures (7-701 
kPa or 1-10 psig). 

In enclosures that have large LIB ra-1 
tios or contain large pieces of equip-1 


Figure 3. An internal natural gas explosion in 
the elevator shafts (located on the left-hand 
face) of a 25-story commercial building blew 
out all the bricks surrounding the shafts and 
virtually all the windows. The accident oc¬ 
curred in April 1974 in New York City. (From 
NTSB1976.) 


ment or internal partitions, flame 
propagation following ignition causes 
gas motion ahead of the flame, which 
generates turbulence and large-scale 
eddy folding where the flow is inter¬ 
rupted by obstacles. This in turn 
causes a rapid increase in the effective 
flame area, resulting in a more rapid 
rise of pressure and further turbu¬ 
lent/eddy interactions. Local pres¬ 
sures can become very high (*1.5 
mPa or 15 atm) very rapidly (<1/ 
1,000 sec) and can lead to gas-phase 
detonations with highly localized 
massive damage. The damage is usu¬ 
ally greatest furthest away from the 
source of ignition. These detonations 
frequently produce strong blast waves 
and high-velocity fragments, causing 
more damage to the surroundings 


Commercial buildings often explode 
in a manner indicative of significant 
wave propagation and flame acceler¬ 
ation (Fig. 3), Explosions of this sort 
also take place in compressed-air 
lines, where the fuel is oil or char on 
the walls (Burgoyne and Craven 
1973). 

Halvorsen (1975) presents examples 
of tanker explosions, most of which 
are simple pressure explosions that 
occur in spaces with low L/D ratios. 
However, some tanker explosions 



typical of explosions in high L/D en¬ 
closures. Figure 4 shows the remains 
of such an explosion, caused by ex- 


during ballasting. Many tanker and 

supertanker explosions are ignited by Combustible quantities of airborne 
sparks of static electricity generated dust normally exist only inside duct- 
by the high pressure water spray used ing or process equipment (e.g. ham- 
for cleaning, mer mills, driers, etc.). A small ex¬ 

plosion in such equipment causes it to 

Combustion explosions of dusts in rupture and throw burning dust into 
enclosures can be quite disastrous the work place. If the work area is 
(Palmer 1973; Bartknecht 1978). dirty, the resulting gas motion and 
Contrary to some commonly held the vibration of equipment cause the 
beliefs, virtually all organic dusts, as layered dust to become airborne and 
well as certain inorganic or metallic then fuel a more violent second ex¬ 
dusts, are combustible in air and can plosion, which travels through the 
explode if enclosed. Dust explosions work place causing major damage, 
exhibit the same L/D limit behaviors 

as gas and vapor explosions, but the In another typical sequence, a pile of 
sequence of events is different, dust starts to smolder either by 


spontaneous combustion or because 
it is covering a hot object such as a 
motor housing or a lamp fixture, A 
worker finds the fire and attempts to 
put it out with a chemical extin¬ 
guisher or a water hose, stirring up a 
large cloud of dust, a portion of which 
is already burning, and an explosion 
results. 

Coal mine explosions have been 
common since the start of the indus¬ 
trial revolution. Most industrial na¬ 
tions have extensive research pro¬ 
grams to investigate such explosions, 
and the dynamics of the explosion 
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process are reasonably well under- Dust explosions in grain elevators and 
stood. Ignition is usually effected by in various milling industries are also 
the release and ignition of a pocket of common, averaging ten to fifteen a 
methane in the mine, or by detona- year in the United States, In Decem- 
tion of the explosives used in blasting, ber 1977 two disastrous explosions 
Since a mine is always quite dirty, took place within five days of each 
because it is expensive to remove all other, at the Continental grain facility 
the coal dust, the resulting dust ex- in Westwego, LA, and at the Farmers 
plosion propagates over long dis- Export grain elevator in Galveston, 
tances. Although the annual number TX, significantly reducing the 
of deaths from coal mine explosions grain-exporting capacity of the 
in the United States has decreased by United States, 
more than half since the beginning of 

the century (Cybulski 1975), mine Boiling-liquid, expanding-vapor ex- 
explosions will undoubtedly occur in plosions, or BLEVEs, occur when a 
the future. ductile vessel containing a liquid with 


Figure 4. While the Liberian tanker S.S. 
Sansinena (250 m long and 32 m wide) was 
being ballasted in Los Angeles harbor in De¬ 
cember 1976, a cloud of combustible vapor 
from the hold formed on the deck and was ig¬ 
nited by an unknown source. The resulting 
flash fire entered the hold, setting off an ex¬ 
plosion. Witnesses reported that the entire 
tank deck and midship deckhouse rose 250 m 
into the air, leaving only the part shown here. 
Severe damage was reported up to 2 kra away, 
and windows were broken up to 4 km away 
The explosion killed 6, left 3 missing, injured 
58, and caused $21.6 million in damage. (From 
USCG 1977.) 


a vapor pressure well above atmo¬ 
spheric pressure tears open. In these 
explosions the tearing process is rel¬ 
atively slow, and a small number of 
large fragments are produced, Be¬ 
cause they are backed by a liquid that 
can evaporate very rapidly (flash 
evaporate), even large fragments can 
be thrown up to 700 m. If the liquid in 
the tank is combustible and the 
BLEVE is caused by heat from an 
external fire, a buoyant fireball is 
produced, the duration and size of 
which are determined by the total 
weight of fluid enclosed in the tank. 
The BLEVE of a standard 33,000 
gallon tank car containing a flash¬ 
evaporating fuel such as liquid pe¬ 
troleum gas will create a fireball, the 
radius of which is ~50 m at ground 
level and ~100 m once it becomes 
airborne. Thus, even when the blast 
damage is mild, missile and fireball 
damage can be catastrophic. 

In an unconfined vapor-cloud ex¬ 
plosion, the first event is the massive 
spill of a combustible hydrocarbon 
into the atmosphere. Following this, 
one of four things can happen: the 
spill may be dissipated harmlessly 
without ignition; it may be ignited 
immediately upon release, causing a 
fire but no explosion; it may be dis¬ 
persed over a wide area before being 
ignited, causing a large fire; or, if the 
flame accelerates rapidly enough, a 
dangerous blast wave can be pro¬ 
duced (Strehlow 1973). 

Unconfined vapor-cloud explosions 
can be both very spectacular and very 
dangerous, because the leak is into 
the open air, and, with the right me¬ 
teorological conditions, extremely 
large clouds of the combustible mix¬ 
ture can be produced before ignition 
occurs. In June 1974 at the Nypro 


chemical plant near Flixborough, 
England, approximately 45,000 kg of 
cyclohexanone at a pressure of 850 
kPa (125 psig) and a temperature of 
155°C was released through two 0.7 m 
diameter stub pipes and flash-evap¬ 
orated, producing a sizable cloud 
throughout the plant. Ignition prob¬ 
ably occurred at a furnace in the hy¬ 
drogen plant some distance from the 
release point, and the fire was already 
large by the time the flame had ac¬ 
celerated enough to produce a blast 
wave that extensively damaged the 
plant and houses up to 2 km away 
(Gugan 1978). 

An incident in Franklin county, MO, 
in 1970 is unique in that the vapor 
cloud appears to have detonated as a 
unit. Because a considerable amount 
of the fuel-air mixture was too rich to 
detonate, a fireball ensued, burning 
an area of 14 ha. 

Explosions of pressurized vessels 
containing nonreactive gaseous ma¬ 
terials cause massive damage if the 
contents are at a very high pressure. 
Although the fragments are not 
thrown nearly as far as they are with 
a BLEVE, the blast is more severe, 
because the entire contents of the 
vessel contribute to the blast wave. If 
the vessel is weak, it will rupture at 
relatively low pressures. A large-scale 
utility boiler, for example, will “ex¬ 
plode” when the internal pressure 
rises only 1-15 kPa (1,5-2 psig). This 
pressure rise can be triggered by a 
combustion explosion in the boiler or 
by a massive steam leak caused by the 
rupture of a large tube or header. In 
this case steam enters the red hot 
boiler so fast that the normal open¬ 
ings are insufficient to stop the pres¬ 
sure rise. In either case, because of the 
low LID ratio of the boiler and its 
weak structure, the damage to the 
surroundings is slight, even though 
the boiler itself may be severely 
damaged. 

Chemical reactor runaway may re¬ 
sult from an imbalance in the con¬ 
trolled reaction through loss of ade¬ 
quate cooling, inadequate stirring, the 
presence of too much catalyst, etc. 
The pressure buildup is considerably 
slower than it would be in an explo¬ 
sion due to the detonation of the 
contents of the . container, and the 
vessel usually ruptures in a ductile 
mode. If the contents are gaseous, the 
rupture resembles that of an over¬ 
pressurized vessel. If the contents are 


liquid and above the flash-evapora¬ 
tion temperature, as is commonly the 
case, the explosion resembles a 
BLEVE. 

Physical vapor explosions occur 
when a finely divided, hot, solid ma¬ 
terial is rapidly mixed with a much 
cooler liquid, or when two liquids at 
different temperatures are violently 
mixed (Reid 1976), The cooler liquid 
is converted to vapor so fast that an 
explosion results from the localized 
high pressures that are produced. 
These explosions have been observed 
when molten material is poured into 
a container that is moist, and when 
cryogenic liquid natural gas that 
contains approximately 10% of a 
higher hydrocarbon is spilled on 
water. There is some indication that 
the mixing of seawater with hot 
magma may have been responsible for 
the catastrophic explosions of island 
volcanoes such as Krakatoa in 1883 
and Surtsey in 

Many scenarios have been con¬ 
structed for the consequences of nu¬ 
clear reactor runaway or core melt¬ 
down, including catastrophic 
breaching of the containment vessel 
by an internal combustion explosion 
or a simple pressure burst. Nuclear 
reactors are constructed in such a way 
that an accidental upset could not 
possibly produce anything remotely 
resembling an atomic bomb explo¬ 
sion. If a nuclear reactor were to ex¬ 
plode, the attendant release of long- 
lived radioactive material would be so 
disruptive to the local area that the 
explosion damage, no matter how 
extensive, would be considered minor. 
Fortunately, no such accident can be 
cited because none has occurred, an 
enviable and unequaled safety record 
for the first twenty years of commer¬ 
cialization of a new technology. 

Research on accidental 
explosions 

Research on accidental explosions has 
been directed toward determining 
how the blast waves they produce 
differ from ideal blast waves, eluci¬ 
dating the explosion process, arid 
devising, developing, and proofing 
techniques to mitigate their effects 
and reduce their frequency. Only re¬ 
cently have nonideal explosions been 
studied in any detail (Strehlotf and 
Baker 1976). It has been shown that 
nonideal behavior of a source is al¬ 
ways directly responsible for any 


nonideal behavior of the resulting 
blast wave. A source is nonideal if it 
has a low energy or power density, if 
the release of energy is nonspherical, 
or if it is totally or partially confined 
by inert material. 

Explosions of pressurized vessels and 
combustion explosions of gases, va¬ 
pors, and dusts, in or out of enclo¬ 
sures, are examples of explosions of 
low energy-density sources. The ef¬ 
fect of low energy density on the 
structure of blast waves has been 
studied rather extensively for burst¬ 
ing spheres, both experimentally and 
theoretically. Figure 5 shows the ev¬ 
olution of the blast wave from such a 
bursting sphere. 

The effect of slow energy addition, 
and the concomitant low power den¬ 
sity, have been studied for two cases, 
also illustrated in Figure 5: Adamczyk 
(1976) studied ramp addition of en¬ 
ergy (the addition of energy at a uni¬ 
form rate throughout the source re¬ 
gion), whereas Kuhl and Strehlow 
and their co-workers (Kuhl et al. 
1973; Strehlow et al. 1979) studied 
flame addition of energy (by central 
ignition in a spherical source region 
initially at atmospheric pressure). In 
a very early piece of work, Taylor 
(1946) predicted analytically the flow 
structure for a spherical piston ex¬ 
panding at constant velocity. 

It has been found that for spherical 
source regions low energy and power 
densities generally cause the over¬ 
pressure in the blast wave to fall 
below that predicted by Sachs’s 
scaling on the basis of the energy of 
the source. It has also been shown 
that all such nonideal sources yield 
blast waves, the positive phase im¬ 
pulse of which is equal to that of an 
ideal explosion of the same total en¬ 
ergy. 

Nonspherical or directional blast 
waves are generated by the firing of a 
gun or rocket, the cracking of a whip, 
and lightning. There have "been a few 
limited analytic studies, a few nu¬ 
merical studies, and some very spe¬ 
cific experimental studies on the ef¬ 
fect of nonspherical release of energy 
on the structure of the blast wave 
produced. Unfortunately, the analytic 
studies have all been based on very 
specialized geometry or the use of 
approximations that tend to be 
physically untenable, while the nu¬ 
merical studies have required two- 
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and three-dimensional hydrocodes 
that are extremely expensive to run. 
Thus, generalizations are not cur¬ 
rently available. I recently discovered 
that the overpressure generated by 
the deflagration of a cloud of arbi¬ 
trary shape can be estimated by 
applying a fundamental acoustic 
principle first stated by Stokes in 
1849 (Strehlow, unpubl,), but the full 
implications of this observation have 
yet to be examined. 

Confinement weakens the external 
blast wave and causes it to become 
highly directional. Also, a confined 
explosion may cause massive internal 
damage but relatively little external 
damage, as in explosions in coal mines 
and some buildings. 

Overpressures close to the source are 
much lower for nonideal than for 
ideal explosions, If an explosion is 
deflagrative, no shock wave is formed 
in the near field (Fig, 5). It was first 
noted by Rayleigh (1876) that explo¬ 
sions with low power densities pro¬ 
duce a blast wave with a sizable neg¬ 
ative phase impulse. He inferred this 
because he sometimes found the glass 
from a shattered window of a nearby 
building outside the building. 

The explosion process is reasonably 
well understood except for uncon¬ 
fined vapor-cloud explosions. What 
is not yet understood is how, in cases 
of soft ignition (i.e. an open flame 
such as a pilot light), an essentially 
unconfined flame accelerates suffi¬ 
ciently to produce a damaging blast 
wave. Prior to 1975, transition to 
detonation was thought to occur only 
if a portion of the gas was heated 
rapidly by compression to its auto¬ 
ignition temperature, Then in 1976, 
an accidental detonation took place 
in Wagner’s laboratory in Gottingen, 
under conditions in which compres¬ 
sion heating was impossible (Wagner, 
pers. comm.). Since then, Knystautas 
and co-workers (1979) have shown 
that shockless initiation is possible in 
large-scale eddies formed near ob¬ 
stacles in the flame-induced flow 
ahead of the flame. 

Research into the detonability of 
natural gas-air mixtures is important, 
because liquid natural gas is being 
shipped in bulk (25,000 m 3 tanks, 5 to 
a tanker), and accidents have the 
potential for producing extremely 
large vapor clouds. It is known that 
direct initiation of detonation in an 


unconfined cloud of pure methane 
requires a very large charge of a high 
explosive, but how large is still a 
matter of contention. The problem is 
complicated by the fact that natural 
gas usually contains a small percent¬ 
age of higher hydrocarbons, and the 
addition of about 10% ethane to 
methane is known to increase its 
sensitivity to direct initiation con¬ 
siderably. 

Venting has been found to be a viable 
way of limiting damage from explo¬ 
sions in enclosures containing com¬ 
bustible gases, vapors, or dusts, and 
from runaway chemical reactors 
(Singh 1978), Bradley and Mitcheson 
(1978a,b) recently constructed a 
rather complete theory of venting, 
and their theoretical estimates ap¬ 
proximate closely virtually all the 
extant laboratory results. However, it 
has been shown that for gas-air ex¬ 
plosions in room-size vessels, the 
Bradley theory underestimates the 
maximum internal pressure. Evi¬ 
dently an acoustic instability gener¬ 
ated by flame propagation causes 
higher overpressures than predicted. 
Such instabilities do not appear in 
small chambers because their high 
natural frequencies preclude direct 
interaction between the acoustic 
modes and the flame. 

Dust explosion venting has been 
studied extensively by Bartknecht 
(1978), He finds that for vessels with 
small L/D ratios and volumes larger 
than 0.02 m 3 , one can define a con¬ 
stant for any substance which is pro¬ 
portional to the maximum rate of 
pressure rise and which can be used to 
determine the proper vent area. This 
approach to the rating of the explos¬ 
iveness of dust has recently been 
adopted by the National Fire Pro¬ 
tection Association. Bartknecht’s 
work shows definitively that the 
Hartman bomb, which was used ex¬ 
tensively for testing the explosiveness 
of dust in the 1960s in the United 
States (Dorsett et al. 1960), is too 
small to evaluate properly the rate at 
which the pressure rises, particularly 
for dusts with a very rapid pressure 
buildup. Venting dust explosions is 
quite different from venting gaseous 
explosions, since there is considerably 
more combustion outside the enclo¬ 
sure, 

In general, venting structures with 
large L/D ratios (such as the ducting 
for spray-painting hoods or for dust- 


collection systems) is much more I 
difficult. It is unnecessary with gases j 
and vapors if enough air is injected to 
dilute the fuel to a concentration of 
less than one-quarter of its lean 
flammability limit (i.e. the largest 
concentration of fuel and air at which : 
a flame will just fail to propagate over 1 
long distances, which is about 1% fuel i; 
in air for most higher hydrocarbons). ] 
Dusts present a special problem, be-1 
cause if the flow velocity at any point f 
in the system falls below a critical ; 
value, the dust settles in the dud, | 
thereby producing a dangerous sit¬ 
uation. Requirements for venting ;; 
ducts are given by the National Fire ( 
Protection Association (1978). The k 
principle of chemical reactor venting / 
using a burst disk is well understood - 
if the reactor contains a gas, but not | 
if it contains a flash-evaporating liq- I 
uid, because of the difficulty of cal- | 
culating the mass flow and the rate at ; 
which the pressure drops. 

In contrast to venting, which is a Im¬ 
passive technique for the mitigation ; 
of the effects of explosions, suppres- ! 
sion can be either passive or active, f 
The water barrier method used to r 
suppress coal mine explosions is a 
typical passive technique (Liebman 
and Richmond 1974). Most coal mine 
explosions originate at the working ; 
face of the mine and, as is character- ; 
istic of explosions in enclosures witli ; 
large L/D ratios, do not become really ’ 
dangerous until they have traveled ; : 
some distance from their point of or- 
igin. The water barrier consists of a 
number of large open tubs of water, 
which are suspended near the ceiling i 
of the mine a short distance from the 
working face. The air flow generated ; 
by the incipient explosion upsets the k 
tubs and disperses the water. This r 
airborne water acts as a heat sink and . : 
quenches the flame. Another passive ; 
suppression technique consists of ■ 
sprinkling the mine with rock dust, j 
usually calcium carbonate from 
crushed shells. This inert powder is 
picked up with the coal dust and 
lowers the temperature enough to 
quench the flame (Richmond et al. 
1979). V 

Active suppression devices, produced | 
commercially in the United States j 
and West Germany, make used|: 
pressurized bottles containing a dry |i 
powder or a halogenated-hydrocar-1 
bon extinguishing agent, which are I 
triggered to open by a sensor that is I 
sensitive to either a rise in pressure oi | 


the light emitted by a flame (Liebman 
etal. 1979). 

One way of ensuring that an enclosure 
will not explode is to make it inert 
with nitrogen or some other gas. After 
they are dried, combustion products 
from boilers are both a suitable and a 
relatively inexpensive source. The one 
danger always present is the possi¬ 
bility of suffocation if someone enters 
the enclosure. 

The incidence of BLEVEs can be re¬ 
duced by the application of intum- 
escent coatings (Cagliostro et al. 
1975). Such coatings swell and char 
readily when heated by an external 
fire, thereby reducing heat transfer to 
the substrate, extending the fire life 
of the object, and reducing the rate at 
which heat is transferred to the inte¬ 
rior, Although there are many ade¬ 
quate intumescent formulations, very 
few are rugged enough to withstand 
normal operations of a tank car and 
the shock of derailment without sep¬ 
arating from the surface and leaving 
large areas unprotected. However, 
some promising new intumescent 


materials are now being tested on 
tank cars in regular service (NTSB 
1979). 

A study made some years ago showed 
that virtually all tank car punctures 
resulting from accidents took place in 
the bottom third of one end of the car 
and were caused principally by the 
coupler on the next car. In 1974 the 
United States government first re¬ 
quired that both ends of tank cars 
carrying certain hazardous materials 
be fitted with nonslip couplers and 
heavy vertical steel plates to protect 
them from such punctures. A recent 
study (NTSB 1979) shows that this 
rather inexpensive retrofit program 
is proceeding according to schedule, 
the only major problem being the 
slow response of some regulatory 
agencies. 

Current status and future 
needs 

Our understanding of accidental ex¬ 
plosions has increased tremendously 
in the past fifteen years, primarily as 
a result of societal concern. In the 


United States, for example, the last 
decade or so has seen new and im¬ 
portant involvement in explosion 
protection by the federal government, 
insurance underwriters, trade asso¬ 
ciations, and technical societies. De¬ 
spite our increased understanding, 
however, we have not as yet 
reached—and never will reach—a 
safety level at which we are entirely 
free of risk from accidental explo¬ 
sions. If we as a society are dedicated 
to reducing the risk, we must continue 
to support research on the causes and 
mechanisms of explosions as well as 
on protective devices, 

There is, moreover, another aspect to 
this problem that is equally impor¬ 
tant. It concerns the level of training, 
motivation, and general under¬ 
standing of the people who live and 
work in our highly technological so¬ 
ciety. At least 60% of all accidental 
explosions are caused by human error 
and not by just mechanical malfunc¬ 
tion of equipment. How do you mo¬ 
tivate a chemical plant worker to re¬ 
frain from smoking a cigarette behind 
a large oil tank where his fellow 



Figure 5. The spatial distribution of pressure at equal time intervals is 
shown for the blast waves produced by three nonideal sources. The center 
of the source is to the right in each case. For a bursting sphere with an 
initial pressure ratio of 9 (left), there is immediate formation of a shock 
wave and later formation of a high-pressure pulse at the center and a 
resultant second, weaker shock. (After Luckritz 1977,) The ramp addition 
of energy (upper right) causes a compression wave, which, given suffi¬ 
ciently high energy and power densities, slowly steepens to a shock wave 
as it propagates away from the source. In this case there is no pressure 
pulse at the center. (From Adamczyk 1976.) For a flame propagating away 
from the center of a spherical source region at constant velocity (lower 
right), there is no lead shock wave in the flow field for flame velocities 
less than ~35 m/sec. The oscillations in the central region are damped 
numerical instabilities due to the low rate of energy addition and are not 
physically real. (From Strehlow etal. 1979.) 
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Auditory Mechanisms in Teleost 
Fishes 


Significant variations in both hearing capabilities 
and auditory structures are found among species of 
bony fishes 


The past decade and a half has seen a 
substantial increase of interest in 
comparative auditory mechanisms, 
with particular emphasis on the re¬ 
lationship between structure and 
function in vertebrate auditory sys¬ 
tems. Some of the most exciting data 
in the resulting studies are coming 
from “lower” vertebrates, which 
provide a much greater diversity of 
auditory structures for exploration 
than do mammals. An outgrowth of 
this work has been the realization 
that while a wide range of auditory 
mechanisms has evolved among ver¬ 
tebrates, there nevertheless remain 
some basic principles common to all 
auditory systems. 

Although extensive structural varia¬ 
tion is found in the auditory systems 
of both reptiles and amphibians (see 
Baird 1974), it is becoming apparent 
that the diversity of fish auditory 
structures may be greater yet (Popper 
1978). The wide variation in the gross 
morphology and ultrastructure of the 
teleost auditory system from species 
to species should not be surprising, 
since extant species of bony fishes 


Arthur N. Popper is Associate Professor of 
Anatomy at Georgetown University Schools 
of Medicine and Dentistry. After receiving his 
doctorate from the City University of New 
York, he joined the faculty of the Department 
of Zoology at the University of Hawaii, where 
he was also Associate Zoologist at the Bdkesy 
Laboratory of Neurobiology. His research in¬ 
terests include comparative vertebrate audi¬ 
tory mechanisms and animal communication. 
Sheryl Coombs is completing her doctoral 
work in the Department of Zoology at the 
University of Hawaii. Her research focuses 
primarily on comparative audition and func¬ 
tion of the inner ear. Address: Department of 
Anatomy, Georgetown University Schools of 
Medicine and Dentistry, 3900 Reservoir Road 
NW, Washington, DC 20007. 


number over 25,000—more species 
than comprise all other vertebrate 
classes combined. Furthermore, 
fishes occupy an extraordinarily 
broad range of adaptive niches, and it 
is very likely, based upon the fossil 
record, that their history extends 
further back in time than that of any 
terrestrial vertebrates. Thus we might 
suspect that the auditory system in 
fishes, like other teleost structures, 
has evolved in many different direc¬ 
tions in response to a number of se¬ 
lective pressures. 

While fishes use visual, tactile, and 
chemical signals for communication, 
sound has certain advantages over 
these other modes when visibility is 
low, when there are obstacles in the 
water (for example, coral heads or 
rocks), or when animals are far apart. 
Significantly, sound travels rapidly in 
water, is little attenuated over con¬ 
siderable distances, and is highly di¬ 
rectional, thereby providing a po¬ 
tential mechanism by which animals 
can detect the position of sound- 
emitters in the environment. Whereas 
alternate modes may have certain 
advantages under other conditions, 
the properties of sound appear espe¬ 
cially suited for rapid, long-distance, 
and directional communication in 
water. 

Sound is produced by a large number 
of teleost species, and it is known to 
be involved in reproductive, social, 
territorial, and agonistic behavior 
(Tavolga 1971). The sounds most 
often encountered are pulsed, with 
acoustic energy over a fairly wide 
spectrum,: although the bulk of the 
acoustic energy is generally well below 
1,000 Hz. In fact, recent investiga¬ 
tions of sounds produced by a number 
of fishes, including toadfish and 
damselfishes, have led to the tenta¬ 


tive conclusion that pulse pattern 
may be a major communicative com¬ 
ponent of sound in many species 
(Fine et al. 1977). It also appears that 
pulsed sounds are better suited for 
communication in water than are 
continuous sounds (Parvulescu 
1964). 

Underwater sound 

Since selective pressures acting on 
sound detection are intimately re¬ 
lated to the characteristics of sound 
in water, it is necessary to begin our 
discussion of fish bioacoustics with a 
brief description of these character¬ 
istics. While sound obeys the same 
physical principles in air and in water, 
there are certain quantitative differ¬ 
ences between sound in these two 
mediums that markedly affect our 
consideration of underwater acoustic 
behavior. These differences are re¬ 
lated to the fact that air and water 
have different densities and degrees 
of compressibility, with the result 
that the speed of sound is about 4.8 
times greater in water than in air, 
while the wavelength of any given 
sound frequency is 4.8 times longer. 

During wave propagation, water 
particles are first compressed. As they 
rarefy, or rebound, they impart their 
motional energy to neighboring par¬ 
ticles. During compression and rare¬ 
faction each particle moves first in the 
direction of wave propagation and 
then in the opposite direction. Con¬ 
sequently, the pressure wave pro¬ 
duced by sound causes individual 
particles to oscillate along the axis of 
wave propagation, although the par¬ 
ticles themselves are not displaced 
from their original positions by the 
passing of the wave. 

A sound wave can be described in 
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terms of both pressure (P) and three 
interrelated vector properties, ve¬ 
locity (u), displacement (d), and ac¬ 
celeration (a). Pressure refers to the 
amount of excess pressure above and 
below normal surrounding levels and 
results from the alternate compres¬ 
sion and rarefaction of the medium. 
In effect, pressure is an indication of 
the amplitude of the signal, but being 
a scalar quantity it provides no in¬ 
formation about the direction of 


velocity (acceleration) of the indi¬ 
vidual particles supporting the pres¬ 
sure wave. 

In general, a pressure wave is char¬ 
acterized by the ratio between pres¬ 
sure and velocity (or its derivative, 
displacement), which remains con¬ 
stant for waves that are not propa¬ 
gated (i.e. standing or stationary 
waves) or for waves generated by a 
planar source as opposed to a spher- 


the ratio of P to u {P/u ) decreases as j 
the sound source is approached, I 
meaning that velocity and pressure do | 
not reach their maximum at the same f 
time; in other words, they are out of | 
phase with one another. This also j 
means that velocity is increasing at a | 
much faster rate than pressure, and I 
that small pressure changes will result I 
in relatively high particle velocities as | 
the sound source is approached. | 


propagation of the sound wave. The ical source, for example a pulsating 
vector components of the sound wave, bubble or vibrating sphere. For 
however, provide information about spherical waves such as those most 
both the amplitude of the sound and likely to be produced by biological 
the direction of its movement. More sound sources, however, the ratio 
specifically, they represent actual between P and u changes as a func- 
distance moved (displacement), tion of distance from the sound 
speed (velocity), and rate of change in source. Thus for any given frequency 



On the other hand, as the distance 
from the source increases, the state of 
the spherical wave front approaches 
that of a plane wave, in which P/u 
remains constant and the two com¬ 
ponents are in phase with one an¬ 
other. The theoretical distance at 
which the ratio of P to u in a spherical 
wave becomes constant is termed the 
near-field/far-field boundary, and its 
position relative to the sound source 
depends on the frequency of the 
sound. For lower frequencies this 
boundary will be farther away from 
the source, and the near-field will be 
larger than for higher frequencies (see 
e.g. van Bergeijk 1967; Siler 1969). 
Thus for spherical waves the near¬ 
field is an area relatively close to the 


source, in which pressure and velocity 
are out of phase with one another aid 
in which velocity changes at a greater; 
rate than pressure. As the far-field is; 
approached, velocity and pressure 
come closer together in phase, and s 
their rates of change become more : 
nearly equivalent. 

In general, quantitative differences • 
between near- and far-fields are not 
important in the study of acoustic 
processing in terrestrial vertebrates, ' 
because in air the extent of the near- 
field, which is inversely related to the 
compressibility of the medium, is 
probably insignificant. A 100 Hz 
sound produced by a spherical sound 
source such as a vibrating sphere / 
would result in a near-field extending 
only 0.1 m in air, which is highly . 


Figure 1. The position of the inner ear is shows 
in relation to the auditory portion of the centra! 
nervous system and peripheral structures such 
as the swimbladder. The nature and closenes 
of the morphological connection lietweta 
swimbladder and inner ear vary considerably 
from species to species. In members of the sir- 
perorder Ostariophysi, which includes specie 
such as the goldfish, the carp, and the catfish 
the swimbladder is coupled to the inner ear by 
a series of bones known as the Weberian os- 

icles. (After von Frisch 1936.) 
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compressible, as compared to almost 
0.5 m in water, which is nearly in¬ 
compressible. Second, as previously 
pointed out, the position of the 
boundary between the fields varies 
with frequency, so that a low fre¬ 
quency will produce a larger near¬ 
field than a higher frequency. Given 
the low compressibility of water and 
the fact that sounds produced and 
encountered by fishes are much lower 
in frequency than those generally 
used by terrestrial vertebrates, it be¬ 
comes apparent that the near-field as 
well as the far-field has to be consid¬ 
ered in investigations of acoustic 
processing in fish. 

Several additional points can now be 
made about the acoustic environment 


of fishes. It is important to note that 
the pressure and velocity components 
of the acoustic signal change signifi¬ 
cantly with distance from the source, 
and potentially with the nature of the 
source. One of the most striking 
changes occurs when fishes move 
from the far-field, where pressure 
may be the prevailing component of 
the sound wave, to the near-field, 
where the magnitude of u may exceed 
that of P, Evidence now suggests that 
fishes can detect and use u in the 
far-field as well as in the near-field 
(Schuijf and Buwalda 1980). Further, 
the ratio between P and u will also 
change when there is a transition zone 
between mediums, for example be¬ 
tween air and water or between water 
and a coral head or the bottom of the 


ocean. Thus in a complicated physical 
environment such as a coral reef the 
ratio between P and u will change 
frequently and will be extraordinarily 
complex. 

It becomes apparent that fishes able 
to detect and process both P and u (or 
one of the derivatives of u) separately 
can extract a good deal more infor¬ 
mation from their acoustic environ¬ 
ment than fishes who rely on pressure 
data alone, as do most terrestrial 
vertebrates. For example, since vector 
quantities like u carry directional 
information it might be possible to 
determine the direction of wave 
propagation, something that cannot 
be done by fishes through knowledge 
of P alone. In addition, because the 
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nous matrix in which are found nu¬ 
merous small calcium carbonate 
crystals. The otolithic organs also 
have a sensory epithelium, or macula, 
located on one wall. The maculae are 


ratio between P and u changes with 
distance from the sound source in the 
near-field, it might be possible to es- 


properties. 

Not surprisingly, recent studies have 
demonstrated that fishes are able to 
detect both the pressure and the ve¬ 
locity components of a sound wave. 
This dual ability has been attributed 
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Figure 3, Located at the apex of a sensory hair 
cell from a teleost ear is a ciliary bundle con¬ 
sisting of a single kinocilium and a series of 
smaller stereocilia. The sensory cells are stim¬ 
ulated when the sensory epithelium and the 
overlying otolith move at different rates of 
speed in response to displacement energy, 
thereby bending the ciliary bundles. 


to certain mechanical properties of 
the acoustic system. The sensory hair 
cell, which is common to all verte¬ 
brate inner ears as well as to the lat¬ 
eral line on the body of the fish, is 
considered to be a displacement de¬ 
tector. But with the addition of a 
mechanism for converting P to u, 
such as the tympanic membrane in 
terrestrial vertebrates or the swim- 
bladder in fishes, the sensory system 
as a whole can respond to pressure 


The auditory system 

Hearing in fishes involves the inner 
ear, peripheral accessory structures 
such as the swimbladder, and the 
auditory portion of the central ner¬ 
vous system (Fig. 1). The teleost inner 
ear (Fig. 2) consists of three semicir¬ 
cular canals, a widened area, or am¬ 
pulla, at the base of each canal, and 
three sac-like otolithic organs: the 
sacculus, the lagena, and the utricu- 
lus. Classically, the ear has been di¬ 
vided into the pars superior, which 
consists of the semicircular canals and 
the utriculus and is thought to be in¬ 
volved in the vestibular senses (that 
is, those related to equilibrium), and 
the pars inferior, which includes the 
sacculus and the lagena and is gen¬ 
erally associated with the auditory 
senses (those involved with sound 
detection). 


hair cells, each of which is generally 
surrounded by several supporting 
cells. The otolith is held in a gelati¬ 
nous otolithic membrane that lies in 
close contact with the sensory epi 
thelium. There is some evidence 
(Popper 1977) that the otolithic 
membrane serves to loosely maintain 
the position of the otolith with re¬ 
spect to the sensory epithelium, while 
allowing the two structures to move 
independently of one another. 

Both the maculae and the cristae, the 
sensory tissue of the ampullae, have 
the same basic type of hair cell, which 
is characteristically ellipsoid in shape 
(Fig. 3). Its base synapses with affer¬ 
ent, and often efferent, neurons of the 
eighth cranial nerve, while its apes 
contains a group of cilia that project 
into the otolithic sac. This ciliary 
bundle (Fig, 4) contains a large 
number of stereocilia (40 to 70, de¬ 
pending upon the species) and a sin¬ 
gle, eccentrically positioned true cil- 
ium, the kinocilium. The kinocilium 
is generally the longest structure in 
the ciliary bundle, while the stereo¬ 
cilia are often graded in size, with the 
longest located close to the kinocil¬ 
ium. This morphological polarization 


organs cohtains a single dense otolith, 
or hard “rock,” of calcium carbonate; 
by contrast, in more primitive fishes, 
sharks, and terrestrial vertebrates 
the otolithic organs contain a gelati- 


ization of the cell. Bending the ciliary 
bundle toward the kinocilium results 
in depolarization of the sensory cell, 
whereas bending it in the opposite 
direction results in hyperpolarization 
(Flock 1971). Flock has shown, 
moreover, that the response level of 
the cell varies as a cosine function of 
the direction of stimulation, 

Peripheral to the ear are a number of 
accessory structures, the beat known 
of which is the swimbladder, a gas- 
filled chamber that lies in the ab¬ 
dominal cavity just below the verte¬ 
bral column (see Fig. 1). Although its 
role in audition is not yet totally clear, 
the swimbladder has been strongly: 
implicated as a pressure transducer / 
and sound amplifier in some fish, and 
appears to figure also in other func¬ 
tions unrelated to hearing, such as 
buoyancy compensation (Tavolga 
1971). The specific morphological 
relationship between the swimblad¬ 
der and the inner ear varies substan¬ 
tially among species, as we will indi¬ 



Figure 4. Types of ciliary bundles in the otol¬ 
ithic organs of fishes, visible here with the aid 
of the scanning electron microscope, vary to 
some degree with location, The most common 
type of bundle (fop left ) has a kinocilium just 
slightly longer than its longest stereocilium, A 
second type with a very long kinocilium (top 


right ) is found primarily at the edges of sensory 
maculae. A third variety ( bottom right), an 
elongated version of the common type, is often 
found in regions of the macula not covered di¬ 
rectly hy the otolith; in several deep-sea fishes 
the entire macula of both sacculus and lagena 
is covered with these bundles, 


cate in more detail below, and it is 
thought that the closeness of the 
coupling is related to the hearing 
abilities of the fish. 

The lateral line—a general term for 
externally located patches of hair cells 
distributed in canals along the trunk 
and head and in pit-like depres¬ 
sions—may also play a limited role in 
sound detection, but there are very 
few data dealing with its biological 
function. While it may be sensitive to 
high levels of acoustically generated 
energy of a restricted range (e.g. from 
below 1 Hz to about 200 Hz), there is 
still no clear evidence that it functions 
as an acoustic receptor in the tradi¬ 
tional sense. 

Much of the processing of acoustic 
information in fishes, as in terrestrial 
vertebrates, obviously takes place in 
the central nervous system. However, 
while a good deal is known about 
central processing in mammals, little 
is known about this aspect of fish 
audition. Whereas classic anatomical 
studies described extensive conver¬ 
gence of lateral line and eighth nerve 
inputs to the central nervous system, 
recent studies indicate that this may 
not be the case. 


What can be said with some certainty 
at this stage is that the lateral line in 
many species is innervated by two 
separate cranial nerves, distinct from 
any other cranial nerves including the 
eighth nerve that innervates the oto¬ 
lithic organs and the ampullae of the 
semicircular canals. In the bowfin, 
Amia calm, a primitive bony fish, 
this segregation is maintained at the 
level of the medulla, where a dorsal 
column of nuclei, or cell groups, re¬ 
ceives input from the lateral line and 
a ventral column receives input from 
the eighth nerve (McCormick 1980). 
There does appear to be some slight 
convergence of lateral line and eighth 
nerve input, however, onto one of the 
ventral nuclei. The only higher bony 
fish studied in this regard—the ele¬ 
phant-nose fish, Gnathonemus pet- 
mu'—shows a different pattern, with 
considerably more convergence of 
lateral line and eighth nerve inputs 
(Bell 1979). 

It remains to be seen whether the 
primitive pattern established for 
Amia —the striking segregation of 
lateral line and eighth nerve in¬ 
puts—is found in other bony fish. In 
any event, the fact that lateral line 
and eighth nerve each distribute to 


h. 
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Figure 5, In experiments using fishes previously fish, Myripristis kuntee, a member of the 
conditioned to respond to the presence of a family Holocentridae; and the squirrelfish, 
pure tone, a number of teleosts were tested to Adioryx xanthyrythrus, a member of a dis¬ 
establish their auditory thresholds for pure ferent subfamily in the Holocentridae (Popper 
tones ranging from 100 to 7,400 Hz, Species 1970,1972; Coombs and Popper 1979). The 
examined included the Mexican blind cave fish, resulting audiograms show substantial varia- 
Astyanax jordani, an ostariophysan and a tion in audition, even within the same family, 
member of the family Characidae; the goldfish, The best hearing occurs in Myripristis and the 
Carmius auratus, another ostariophysan but Ostariophysi, species with close coupling be- 
a member of the family Cyprinidae; the soldier tween swimbladder and sacculus. 


that several species can discriminate 
between sounds of different intensi¬ 
ties (Fay and Popper 1980). The 
mechanisms involved in sound dis¬ 
crimination are not clear, although it 
is possible that they are substantially 
different from those used by mam¬ 
mals, 

A number of studies focusing on more' 
complex aspects of the teleost audi¬ 
tory system have attempted to par¬ 
allel work that has been done with 
mammals on signal analysis, and at 
the same time to determine hearing 
capabilities of fishes under conditions 
that more nearly approximate the 
normal aquatic environment. Inves¬ 
tigations of the ability to detect a 
signal in the presence of other sounds, 
called “maskers,” have demonstrated 
that mammals possess a rather so¬ 
phisticated system for filtering out 
irrelevant sounds, In equivalent 
studies conducted with a few teleost 
species it has become apparent that 
the goldfish and the cod are able to 
detect signals selectively in the pres¬ 
ence of maskers even when the two 1 
signals are close to one another in; 
frequency (Fay et al. 1978; Fay and 
Popper 1980), 


more than one cell group is suggestive 
of some type of functional organiza¬ 
tion, perhaps forming a basis for 
separation of lateral line, auditory, 
and vestibular inputs. 

Auditory capabilities 


ities, a variety of behavioral condi¬ 
tioning techniques have been used. It 
is important initially to determine 
sensitivity to pure tones of different 
frequencies as well as to establish the 
minimum sound level that a fish can 
detect at each frequency. These 
measures give a quantitative indica¬ 
tion of the sensitivity of the auditory 
system and the range over which it 
can function, Behavioral determina- 


shown in Figure 5, which presents 


conditions for different species rep¬ 
resenting a moderately diverse taxo¬ 
nomic range of extant teleosts. 

It is apparent that there is consider¬ 
able variability in sensitivity and 
range of detection for different 
species. In general, members of the 
superorder Ostariophysi—here rep¬ 
resented by the goldfish (Carassius 
auratus) and the Mexican blind cave 


fish (Astyanax jordani )—all have 
similar thresholds below 1,500 Hz; 
further, each can detect sounds to at 
least 3,000 Hz, even though the 
species represent two distinct subor¬ 
ders. By contrast, there is no similar 
trend among fishes of other taxo¬ 
nomic groups, or even for members of 
the same family (compare data for 
two holocentrids, Adioryx and My¬ 
ripristis). In general, most species of 
fish have poorer sensitivity and a 
narrower range of detection than 
Ostariophysi (Popper and Fay 1973), 
although Myripristis appears to be an 
exception to this rule. 

Studies of sensitivity to pure tone 
conducted in a quiet laboratory set¬ 
ting, while of considerable value, tell 
little about the ways in which fish 
actually use sounds in the relatively 
noisy environment of the ocean. Since 
their normal surroundings are far 
from quiet, it is probable that fishes 
need to be able to detect sounds in the 
presence of noise as well as to dis¬ 
criminate between complex sounds 
other than pure tones. Investigations 


A study by Cahn and her co-worker? 
(1971) has also shown that fishes ran 
respond selectively to the pressure w 
velocity components of the sound 
field, and that pressure maskers in¬ 
terfere with the detection of velocity 
signals whereas velocity maskers only 
minimally affect the detection of a 
pressure signal. Recent findings 
confirm selective sensitivity to pres¬ 
sure and velocity but suggest that 
neither component is capable of in¬ 
terfering with the other (Schuijf and 
Buwalda 1980). In either event, these 
data are of interest because field! 
measurements of pressure and ve-j; 
locity signals have shown that—-j)ar- * 
tieularly in shallow-water environ¬ 
ments (for example, reefs or inshore 
areas)—acoustic velocity energy is far 
greater than pressure (Horch and 
Salmon 1973). It is likely that a sys¬ 
tem in which velocity cannot interfere 


that ostariophysans as a group can 
discriminate between frequencies 
better than members of other fish 
groups, and there is good evidence 


evolutionary adjustment to an envi- \ 
ronment with very high velocity* 
levels. 

In addition to being able to detect 
signals in the presence of noise and to 
discriminate the spectrum and .in¬ 
tensity of sounds, it appears to h 
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be able to determine the position of a 
sound source in space, both to detect 
prey and to avoid predators. In fact, 
it has been suggested that the selec¬ 
tive pressures associated with the 
ability to locate sound sources have 
had a major impact on the evolution 
of the mammalian auditory system 
(Masterton 1974). It is certainly rea¬ 
sonable to hypothesize that similar 
selective pressures may have acted on 
aquatic vertebrates. 

Although the early literature indi¬ 
cated that fishes could not localize 
sounds, recent experimental studies 
have shown that a number of species 
can orient to, and swim in the direc¬ 
tion of, a sound source (see e.g. 
Schuijf and Buwalda 1980). While 
data are very limited, other work has 
demonstrated that fishes can dis¬ 
criminate between sounds that are 
separated by 20° azimuth on the 
horizontal plane, and there is also 
evidence that the cod, Gadus m- 
rhua, can discriminate sounds on the 
vertical plane (Hawkins and Sand 
1977), a task that is difficult for 
nonflying terrestrial vertebrates. 

Sound detection 
mechanisms 

In analyzing sound detection in fish¬ 
es, as in all vertebrates, we are faced 
with two basic considerations: how 
sound is conducted to the ear, and 
how sound ultimately stimulates the 
sensory hair cells of the inner ear, In 
terrestrial vertebrates the pathway of 
sound is relatively straightforward. 
Sounds impinge upon the tympanic 
membrane, setting it in motion, and 
this motion is then imparted to the 
bones of the middle ear, which in turn 
press on the fluids of the inner ear, 
Stimulation of the sensory cells oc¬ 
curs when the motion of these fluids 
causes differential motion between 
the sensory epithelia and some other 
structure, such as the tectorial mem¬ 
brane, resulting in bending or shear¬ 
ing of the ciliary bundles. 

By contr ast, the pathway of sound in 
fishes is not totally clear. In fact, it is 
only in the past few years that we 
have had experimental evidence that 
there are at least two different but 
complementary pathways by which 
sound gets to the fish ear. It is im¬ 
perative to keep in mind, however, 
that no matter how sound gets to the 
ear, the ultimate stimulation of the 
sensory hair cells in fishes also in¬ 


volves an action which bends the cil¬ 
iary bundles; this bending results 
from the fact that the sensory cells 
and the overlying otolith move at 
different rates of speed and are thus 
out of phase with one another, The 
question, then, is how such motion 
develops, 

Several hypotheses have been ad¬ 
vanced to explain how fishes receive 
sound. The most widely known of 
these was first proposed by von Frisch 
(1936), who pointed out that the 
density of a fish’s body is similar to 
the density of water. Thus, von Frisch 
argued, sound could not be detected 
directly by the ear; but a swimbladder 
containing gas of a density different 
from that of the rest of the body could 
respond to changes in pressure pro¬ 
duced by sound waves. Von Frisch, 
and later van Bergeijk (1967), sug¬ 
gested that the swimbladder trans¬ 
lates these pressure changes into 
displacement energy, which is then 
transmitted to the inner ear. The 
displacement component of the 
sound would then be sufficient to 
stimulate the inner ear, Although the 
inner ear is ultimately reponding to 
displacement energy, the system as a 
whole can he regarded as pressure- 
sensitive. 

Another pathway for sound was hy¬ 
pothesized by Dijkgraaf (1960), who 
argued that sound could be directly 
detected by the ear. He theorized that 
since the fish’s body was of approxi¬ 
mately the same density as water, it 
(and the sensory epithelium of the 
ear) would move with the water mass 
in response to the sound, as in von 
Frisch’s account. However, the otol¬ 
iths, being about three times denser 
than the fish’s body, would lag behind 
the rest of the body. Consequently, 
while the otolith and the sensory ep¬ 
ithelium would both move in response 
to displacement energy, the distance 
they moved (amplitude) would differ, 
and they would also move out of 
phase with each other. Since the cili¬ 
ary bundles contact both structures, 
the bending action necessary for 
stimulation of the sensory cells would 
then occur. . 

Investigators in a number of labora¬ 
tories have studied these two mech¬ 
anisms, and there is now evidence 
that the fish auditory system may 
involve both systems and thus be 
sensitive to either pressure or velocity 
or to both (see e.g. Fay and Popper 


1974 and 1975). This dual sensitivity 
is presumably a function of whether 
the ear is being stimulated directly by 
the incident sound wave and hence is 
responding to velocity or displace¬ 
ment, or whether it is being stimu¬ 
lated indirectly via the swimbladder 
and is thus responding to pressure 
changes, Furthermore, the pathway 
followed has implications for the 
types of peripheral processing that 
can occur. 

Because velocity-sensitive systems 
are essentially responding to a vector 
quantity, the pattern of movement 
between the otolith and the macula is 
a function (but not necessarily a di¬ 
rect function) of the axial direction of 
wave propagation, Indirect evidence 
does indeed indicate that the pattern 
of movement may change with the 
direction of the sound source (Sand 
1974; Fay and Olsho 1979), For pres¬ 
sure-sensitive systems, on the other 
hand, the direction of the bending 
action between the otolith and the 
macula would be independent of the 
direction of the incident sound wave 
if the swimbladder contracted sym¬ 
metrically—something that is not 
known at present. 

It has further been suggested that the 
pattern of movement followed by the 
otolith may be distinctly different for 
the two stimulation mechanisms (Fay 
and Olsho 1979), and that the pattern 
may be specific to the frequency of 
stimulation (Sand and Michelsen 
1978), It is also possible that the “di¬ 
rect” path to the ear may stimulate 
one of the sensory maculae, for ex¬ 
ample, the macula of the lagena, while 
the “indirect” pathway via the 
swimbladder may be the major 
mechanism for stimulation of the 
saccular macula (Fay 1978; Fay and 
Popper 1980), Finally, it is not un¬ 
likely that different regions of a single 
macula may be selectively stimulated 
by one of the two different path¬ 
ways, 

In addition to tracing different paths 
of sound to the ear, it is also impor¬ 
tant to consider the relative roles of 
each of the otolithic organs in teleost 
hearing, While direct data are scanty, 
it seems likely that the organs of the 
pars inferior —the sacculus and the 
lagena—are involved in audition. 
There is some evidence that the sac¬ 
culus responds to a relatively wide 
range of frequencies (Furukawa and 
Ishii 1967), while the lagena, at least 
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in the goldfish, detects only low-fre¬ 
quency signals and perhaps vibration. 
Our understanding of the part played 
by these organs is further complicated 
by the fact that in the clupeids (her¬ 
rings and sardines and their relatives) 
an anterior diverticulum of the 
swimbladder terminates at the utri- 
culus rather than at the sacculus, and 
that in these species the utriculus too 
appears to be involved in audition 
(Denton et ai. 1979). Although the 
auditory role of the utriculus in other 
species is not known, it should not be 
dismissed, particularly since the gross 
structure and the ultrastructure of 
the utriculus are similar to those of 
the sacculus and the lagena, and since 
in most species the utriculus shares 
the same fluid system as these organs. 
It is unclear why there is functional 
differentiation between any of these 
three very similar sense organs, but it 
is reasonable to suppose that their 
positions in relation to the sound 
conduction pathway, particularly as 
mediated by the swimbladder, may 
play a major role in determining their 
function. 

Morphological variation 

As has been seen, there is substantial 
variation in the auditory capabilities 
of different fish species. While data 
for abilities other than detection of 
pure tone are more limited, there is 
some evidence indicating potential 
variation in more complex analytical 
capabilities as well. Based on our 
current knowledge of the teleost au¬ 
ditory system, we are beginning to 
search out the roots of these func¬ 
tional variations. While we know little 
about differences among species in 
the processing that presumably oc¬ 
curs in the auditory portion of the 
central nervous system, recent re- 
search—primarily using transmission 
and scanning electron microscopy— 
has revealed substantial structural 
variation peripheral to the eighth 
nerve (Platt 1977; Popper 1977,1978, 
and 1979; Popper and Platt 1979). 
Such differences may provide insight 
into the morphological foundations of 
functional differences in teleost 
hearing, and may help lead to an un¬ 
derstanding of how the teleost ear 
detects and processes acoustic infor¬ 
mation. 

There are several important sites of 
morphological variation within the 
fish auditory system. Among the most 
conspicuous of these is the swim- 
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Abudeldut abdomlnalis 


Cham chanos 



Oplsihoproctus soleatus 

Figure 6, Delicate sculpting and striking in¬ 
terspecific variation characterize teleost oto¬ 
liths, Shown are saccular otoliths of Abudefduf 
abdomlnalis, a pomacentrid (damselfish) from 
Hawaii; Chanos chanos, a milkfish that may be 


Opisthoproctus soleatus, a deep-sea fish, D 
and A indicate dorsal and anterior orientations, 
(Chanos is from Popper, in press a, by per¬ 
mission of the University of Michigan Press; 
Opisthoproctus is from Popper, in press b.) 


bladder, which varies both in size and 
shape and in its position with respect 
to the inner ear, In some species, such 
as the flatfish, there is no swimblad¬ 
der, while in others—for example, 
many cichlids and the squirrelfish 
Adioryx— the anterior end of the 
swimbladder terminates quite far 
from the ear, A coupling system be¬ 
tween the swimbladder and the inner 
ear appears to have evolved inde¬ 
pendently in a number of groups of 
fish. In the ostariophysans, for ex¬ 
ample, a series of small bones just 
ventral to the vertebral column called 
the Weberian ossicles connect the 
anterior end of the swimbladder to 
the perilymph-filled transverse canal 
that leads directly into the sacculus of 


the inner ear (see Fig. 1) (von Frisch 
1936). While experimental evidence 
is lacking, it appears that movements 
of the walls of the swimbladder cause 
motion of the Weberian ossicles, the 
most anterior of which makes up the 
posterior and lateral walls of the sinus 
impar leading to the transverse 
canal. 

Other groups of fishes, such as the 
genera Notopterus and Myripristh, 
have anterior extensions of the 
swimbladder that contact the portion 
of the skull enclosing the inner ear. 
Mormyrids such as the elephant-nose 
fish have small swimbladder “bub 
bles” that actually invade the audi¬ 
tory capsule and become separated 
from the major portion of the swim, 
bladder in adult fish, In all of these 
fish, the swimbladder connection is 
more intimately associated with the 
sacculus than with either the lagena 
or the. utriculus. Probably for this 
reason, the sacculus has been most 
frequently identified as the major 
acoustic organ. However, as men¬ 
tioned above, the situation may be 
different in the herring-like fishes, 
where extensions of the swimbladder 
invade the cranial cavity to terminate 
on the utriculus rather than the sac¬ 
culus. It is worth repeating here that 
peripheral variations in the way 
sound is channeled to the inner ear 
may play a bigger role in determining 
the individual functions of the three 
otolithic organs than any specific re¬ 
sponse properties of the organ 
themselves. 


auditory sensitivity is enhanced k 
bringing the swimbladder closer to 
the ear, since this should result in less 
attenuation of signals. Such differ¬ 
ences would explain the extraordi¬ 
nary sensitivity to pure tone exhib¬ 
ited by Ostariophysi and Myripristis 
(Fig. 5) as compared to other fishes 
tested. However, recent investiga¬ 
tions of the, clown knifefish, Notop¬ 
terus chitala (Coombs and Popper, 
unpubL), and the marine catfish, 
Arius felis, another ostariophysar. 
(Popper and Tavolga, unpuhl.), ii-v 
dicate that this rule may not always J 
be valid. Although the swimbladder 1 
and the ear are closely coupled in 
both species, neither can detect 
sounds above 900 Hz, Whereas low- 
frequency thresholds for Arius are 
excellent, as might be expected with 
the presence of the Weberian ossicle?, 
thresholds for Notopterus are rela¬ 


tively poor, falling closer to those for 
Adioryx, a species that probably does 
not use its swimbladder very effec¬ 
tively in sound detection. 

While it is clear that the swimbladder 
enhances audition in some species, 
there is a paucity of data on the 
function of this organ. Experiments 
have demonstrated that the removal 
of the Weberian ossicles or the de¬ 
flation or removal of the swimbladder 
will markedly decrease auditory 
sensitivity, particularly for frequen¬ 
cies over several hundred Hz; con¬ 
versely, the addition of an external 
swimbladder-like structure to a 
species not normally equipped with a 
swimbladder seems to enhance sen¬ 
sitivity (Chapman and Sand 1974). 
Although recent research suggests 
that the swimbladder is a broadly 
tuned amplifier that equally affects 
all frequencies within the auditory 
range of the fish (Fay and Popper 
1980), studies must now be replicated 
for other species, with particular 
emphasis on animals with morpho¬ 
logically distinct swimbladders. In 
addition, possible functions of the 
swimbladder in aspects of auditory 
processing other than simple sound 
amplification must be explored. 

The functional significance of varia¬ 
tions in the inner ear has yet to be 
elucidated experimentally, but it is 


in determining the way in which the 
ear responds mechanically to differ¬ 
ent sounds. While there is relatively 
little change in the utriculus or the 
semicircular canals from species to 
species, there is substantial variation 
in the structure of the sacculus and 
the lagena. Gross structural differ¬ 
ences in the pars inferior include 
variations in the size, shape, and 
sculpturing of the otolith as well as 
discrepancies in the relative sizes of 
the macula and the otolith and their 


striking here is the wide range of 
complex and often lovely shapes as¬ 
sumed by the otoliths (Fig. 6). The 
variations in shape and sculpturing 
are distinct, and the patterns are 
species-specific. Differences in the 
relationship of the otoliths to the 
sensory maculae are also substantial, 
and take several forms. In some 
species the otolith covers the com¬ 
plete region of sensory cells, while in 
others the otolith may be smaller than 
the macula or may bend away from it 
in such a way that some regions of the 
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Figure 7. Orientation patterns of hair cells in 
the lagenar (left) and the saccular (right) ma¬ 
culae vary from species to species, Arrows in¬ 
dicate the side of the cells on which the kino- 
cilia are found in each region of the macula; 
dashed lines show the general transition re¬ 
gions on the maculae at which orientation 
patterns change. (Carassius is from Piatt 1977; 
Myripristis is from Popper 1977.) 


macula are not in contact, although in 
all cases the otolithic membrane ex¬ 
tends from the otolith to contact all of 


Ultrastructural variations include 
differences in the nature of the sen¬ 
sory cells and particularly the ciliary 
bundles on these cells. Studies using: 
the scanning electron microscope 
have shown that there is considerable 
variation in the length and size of 
these bundles (see Fig, 4). Although 
all the major size classes of ciliary 
bundles are found in most fish 
species, the different size classes are 
often grouped into different regions 
of the macula (Platt 1977; Popper 
1977), Ciliary bundles with long 
kinoeilia and very short stereocilia are 
often found at the peripheries of the 
saccular and lagenar maculae, while 
cells with graded stereocilia and 
kinoeilia just slightly longer than the 
longest stereocilia are found 
throughout the bulk of the maculae. 


A third type of bundle, an elongate 
version of the more ubiquitous type 
just described, is found in some areas 
not covered by the otoliths and over 
almost the entireties of the saccular 
and lagenar maculae in several clu¬ 
peids and a number of species of 
deep-sea fish (Popper 1977; Popper 
and Platt 1979), 

One of the most intriguing manifes¬ 
tations of ultrastructural variation in 
the fish ear, as well as in reptilian and 
amphibian ears, is differing patterns 
of hair-cell orientation (Fig. 7). Re¬ 
cent observations have shown that 
the sensory cells on the otolithic ma¬ 
culae are divided into groups, with all 
of the cells in a particular group ori¬ 
ented in the same direction (Popper 
1977). In the Ostariophysi, the cells 
on the saccular macula are oriented in 
two directions; on the dorsal half of 
the macula the kinoeilia are located 
on the dorsal side of the hair cells, 
while on the ventral side of the ma¬ 
cula they are oriented ventrally (Platt 
1977). 

Orientation patterns on the saccular 
maculae of teleost fishes other than 
ostariophysans are somewhat more 
complex, with what appears to be 
more interspecific variation. How¬ 
ever, in almost all of these species the 
cells on the saccular maculae are di¬ 
vided into four groups, with the two 


on the saccular maculae of the ostar¬ 
iophysans, The groups on the anterior 
half of the macula are oriented in 
relation to 'the animal’s horizontal 


orly are dorsal to cells oriented to the 
anterior. Most variation in orienta¬ 
tion patterns on the saccular maculae 
is associated with the cells on the an¬ 
terior end of the macula, 

The orientation patterns of hair cells 


fin¬ 


able. There are usually two groups 
oriented in opposite directions, al¬ 
though cells are oriented in a wide 
range of directions due to the curva¬ 
ture of the macula. 

Variation and function 

A number of major considerations 
remain concerning how variations in 
the teleost inner ear may influence 
patterns of interaction between the 
otoliths and the sensory epithelia and 
what these patterns may mean in 
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terms of peripheral processing of 
sounds, Does the pattern of stimula¬ 
tion of the sensory maculae vary for 
different signals, as in mammals? Do 
mechanisms of interaction between 
the otoliths and the maculae vary in 
different species? 

There has been considerable discus¬ 
sion of whether the teleost ear is ca¬ 
pable of different response pat¬ 
terns—and indeed of whether me¬ 
chanical processing occurs at all in the 
peripheral auditory system in fish, as 
appears to be the case in most other 
vertebrates. Reservations about 
whether mechanical processing takes 
place in the fish ear have been based 
on two major premises: first, that 
temporal coding, or phase locking of 
neural responses to the stimulus fre¬ 
quency, was adequate to account for 
any analysis that might occur within 
the limited frequency range to which 
fishes are sensitive; and second, that 
there was insufficient differentiation 
of the ear to allow for differences in 
mechanical response. 

It has become clear that the second 
assumption is unlikely to be true, and 
that structural variations do exist 
which could potentially affect the 
response of the ear. Moreover , studies 
using a variety of techniques have 
now begun to furnish support for the 
idea that some types of signal analysis 
take place in the ear itself. A number 
of experiments involving physiologi¬ 
cal recordings of microphonic poten¬ 
tials in the sacculus of the cod and 
perch (Sand 1974) have provided ev¬ 
idence that different portions of the 
elongate saccular maculae respond to 
different frequencies, although the 
specific frequency ranges of the dif¬ 
ferent regions are broad, Recordings 
of single neurons from the saccular 
branch of the eighth nerve of the 
goldfish (Furukawa and Ishii 1967) 
document the fact that neurons are 
tuned to broad frequency ranges and 
that each unit has a characteristic or 
“best” frequency at which a mini¬ 
mum sound level will excite the unit. 
Furukawa and Ishii have pointed out 
that high-frequency neurons (best 
frequency about 700 Hz) appear to 
come from the anterior region of the 
saccular macula, while neurons with 
best frequencies of about 300 Hz 
come from the posterior region. 

Variations in the responses of differ¬ 
ent regions of the macula to different 
signals may have their basis in the 


motion of the otoliths relative to the 
sensory epithelia during acoustic 
stimulation. The pattern of move¬ 
ment over different macular regions 
may be dictated by a number of fac¬ 
tors, including the type of signal, the 
shape and modeling of the otolith, the 
degree of coupling between the otol¬ 
ith and the macula, and finally the 
topography of the sensory tissue it¬ 
self. While data are limited, a recent 
study by Sand and Michelsen (1978) 
provides preliminary evidence that 
the movements of the otolith during 
acoustic stimulation are more com¬ 
plex than previously imagined, and 
may vary with factors such as the 
frequency of the signal. Given the 
intricate shapes of the otoliths, it is 
probable that the drag of inner-ear 
fluids on these surfaces during stim¬ 
ulation of the ear results in a pattern 
of motion considerably more com¬ 
plicated than the back-and-forth 
movement that would be expected if 
the shape were simple. Furthermore, 
since some macular regions lie di¬ 
rectly under the otolith and are 
closely coupled to it, while other re¬ 
gions are not covered by the otolith 
and are only coupled loosely through 
the otolithic membrane, it is reason¬ 
able to assume that the effects of the 
relative motion of the otoliths and the 
sensory epithelia would vary accord¬ 
ing to the degree of coupling. 

The varying responses of different 
regions of the macula may also be a 
function of variation in the properties 
of the sensory cells, particularly the 
length of the ciliary bundles. While 
the functional significance of size 
differences in ciliary bundles is un¬ 
known, it has been suggested that 
cells with different sized ciliary bun¬ 
dles may be responsive to signals of 
different frequency (Weiss et al. 
1976). 

Analysis of sound in the fish auditory 
system, then, may depend in part on 
different patterns of stimulation, and 
it is reasonable to hypothesize that 
the various populations of differently 
oriented hair cells preserve informa¬ 
tion about these patterns. The pres¬ 
ence of physiologically polarized (and 
hence directionally sensitive) sensory 
cells on the otolithic maculae would 
allow detection of changes in the di¬ 
rection of movement of the otolith 
relative to the macula (e.g. Popper 
1977; Sand and Michelsen 1978; Fay 
and Popper 1980). As previously 
mentioned, the pattern of relative 


motion between the otolith and d 1 ® 
macula may carry information abo 11 
various acoustic components of f 1 ® 
sound stimulus, such as frequeiw 
and intensity. 

In addition, this pattern of movem^ 
may convey phase information abo llt 
the stimulus—that is, data about tn® 
compressions and rarefactions ^ 
produces. The most conclusive ey 1 ' 
dence linking analytical capability 
with patterns of hair-cell orientating 
comes from studies concerning pre®' 
ervation of phase information in tl# 
goldfish auditory system. Neuron 5 
innervating the dorsal half of the 
goldfish saccular macula appear to 
respond exclusively to the compres¬ 
sion phase of the sound stimuli 
whereas neurons from the ventral half 
respond to the rarefaction phase. It is 
possible to visualize, as Furukawa utd 
Ishii (1967) first proposed, the com¬ 
pressions and rarefactions of the 
swimbladder being transmitted to the 
inner ear via the Weberian ossicles: 
when the swimbladder is compressed, 
the saccular otolith moves upward, 
thus maximally stimulating the dor- 
sally oriented hair cells; upon rare¬ 
faction, the otolith moves downward, 
stimulating the ventral half of the 
macula. While the significance of 
phase information to acoustic pro¬ 
cessing in fish is not yet clear, a 
number of possibilities have been 
advanced, for example its importance 
in sound localization (Schuijf and 
Buwalda 1980) and in facilitating the 
detection of transient sounds {Fay 
1978). Whatever the significance of 
this information, behavioral studies 
showing that fishes can discriminate 
between compressions and rarefac¬ 
tions (Piddington 1972) demonstrate 
that its integrity is preserved. 

Since the inner ear is known to he 
sensitive to velocity as well as pres¬ 
sure, the various patterns of hair-cell 
polarization are also ideally suited to 
aid in the extraction of directional 
information. As mentioned earlier, 
behavioral studies have indicated 
that fishes can locate sound sources in 
the acoustic near- and far-fi elds 
through the detection of direct dis¬ 
placement information by the inner 
ear. Furthermore, there is good evi¬ 
dence that, at least under some con. 
ditions, teleost sound localization 
does not involve the lateral line, ^ 
was formerly supposed (van Bergeijk 
1967), and that it may call on meet 
anisms totally different from tho^ 


( used by terrestrial vertebrates fishes than we have for birds, it is 
■ (Schuijf and Buwalda 1980; Fay and clear that the auditory system in 
i ; Popper 1980). fishes may be adapted to detect and 

k ; process the low-frequency, pulsed 

\ Recent investigations, primarily by signals that are most suitable for 
j. Schuijf and his colleagues, have communication in water. Further, it 
shown that the ability to locate sound is becoming apparent from studies of 
sources is related at least in part to sound localization that the teleost 
direct stimulation of the two ears by auditory system has probably evolved 
] the vectoral component of the sound in such a way as to take advantage of 
wave, particle velocity. While there the directional properties of the 
are few data, it appears that by com- propagated acoustic wave. It is rea- 
paring vectoral information from sonable to suggest that in fishes, as in 
different hair-cell groups it would be mammals, this evolution may have 
possible for fishes to determine the been guided by strong selective 
position of a sound source (Dijkgraaf pressures associated with the impor- 
1960; Schuijf and Buwalda 1980). tance of sound localization. 
Localization would also be substan- 

y tially enhanced by the fact that the Finally, we may ask about the evolu- 
two ears, and therefore their hair tionary significance of the structural, 
cells, are oriented in different direc- and possibly functional, variations 
tions. By comparing the output of that exist in the auditory systems of 
differently oriented ears and of dif- fishes. While we are far from having 
ferent hair-cell orientation groups on any conclusive answers regarding the 
each macula, a fish should thus be significance of such interspecific dif¬ 
able to determine the position of a ferences, two possibilities are appar- 
sound source in space around it. It ent. It may be suggested that the 
must be emphasized, however, that differences in auditory systems seen 
these proposed mechanisms are via- among fishes only reflect different 
ble only if the different hair-cell evolutionary paths taken by various 
populations are separately innervat- species to carry out similar detection 
ed, since information from each ear, and processing tasks. Certainly many 
and indeed from different macula fishes are under similar constraints 
regions, would need to be compared with regard to the nature of the 
in the auditory portion of the central acoustic environment, and so we may 
: nervous system. be seeing convergence of function in 

spite of different ways of extracting 
tt . . the same information. The second 

V ariation and evolution possibility is that selective pressures 

: Our knowledge of the teleost auditory “ d needs foracoustic communica- 

syston has arrived at the stage where t>on are sufficiently different for 
we are just beginning to understand various s P ecies “ at each species (or 
i: the structure and function of the S™p of species) has evolved differ- 
whole system and its component en ^ processing mechanisms to ac- 
parts. It is clear that there are striking complish different acoustic tasks. If 
parallels between auditory structures we consider the extensive adaptive 
in fishes and those in terrestrial ver- radiation seen among all systems in 
tebrates, particularly with regard to the extant species of fishes, it is rea- 
the ultimate responses of the sensory sonable to suppose that both possi- 
cells. There may also be important Unities are expressed, 
differences, such as varying pathways 
of sound to the ear and the implica¬ 
tions these hold for auditory mecha¬ 
nisms such as sound localization. References 


The ultimate questions about teleost 
audition obviously concern the ways 
in which the sound-detection system 
is adapted for the use of acoustic in¬ 
formation in communication, and the 
evolutionary and functional signifi¬ 
cance of the various systems found 
among different fish species. While 
we havefar less data on the relation¬ 
ship between the detection system 
and acoustic communication for 
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“If tachyons do exist, and if they do go faster than the speed of light, then I’m 
determined to find something that goes faster than tachyons.” 


are their own and do not represent The Scientists’ Bookshelf 

the views of the editors or of Sigma 
Xi, The Scientific Research Society. 

Reviews have been grouped under 
broad headings, with the reader’s 
convenience in mind. Some books 
could appropriately be included in 
more than one category, and the ed¬ 
itors suggest that the reader consult 
the Review Index, on page 465, for 
interdisciplinary titles. 


Models of Thought 

Herbert A. Simon. 524 pp. Yale Uni¬ 
versity Press, 1979. $45 cloth, $14.95 

paper. 

Herbert Simon pioneered the devel¬ 
opment of formal, computer-based mod¬ 
els of human cognition. This book reprints 
a small subset of the papers that he and 
his collaborators have published since the 
early 1950s. The only previous unpub¬ 
lished additions to the collection are a 
preface and short introductions to each of 
the seven sections. The book can be read 
with an eye for history, philosophy, and 
sociology of science. I found my reactions 
alternating among amusement at some of 
the personal asides, surprise that so many 
of today’s most recent ideas were intro¬ 
duced in even the earliest of Simon’s pa¬ 
pers, frustration with his view of the mind 
as a single serial processor, and admira¬ 
tion for his range. 

The selections start with one of his 
contributions to economics, a paper that 
treats the notion of “satisficing.” There is 
a nice essay on the size of the “chunk.” 
The important work with Feigenbaum on 
the EPAM model of memory is intro¬ 
duced (and somewhat defensively justi¬ 
fied in the introduction to the section), 
The section on problem solving contains 
Simon’s early papers (with Newell and 
Shaw} on thinking and problem solving. 
The last three sections, “Rule Introduc¬ 
tion and Concept Formation,” “Percep¬ 
tion,” and “Understanding," cover more 
recent studies, expanding upon the basic 
work introduced in the section on prob¬ 
lem solving. 

I helieve that Simon’s most important 
work is that on problem solving—in par¬ 
ticular, the collaborative development of 
the “general problem solver” and the de¬ 
velopment of techniques for computer 
simulation and assessment of the match 
with human thought processes. 

What is Simon’s view of human 
thought? The human being is an infor¬ 
mation processor, simple in its operation. 
Thinking is a process of serial selective 
search. Simon argues for flexibility in 
strategy development and use, pointing 
out that “describing an adaptive system 



irritation with the needs of psychologists 
for statistical simplicity, and he claims to 
have experienced more frustration from 
statistical narrowness than from anything 
else in his professional career. Wisely, he 
declines to pursue either the “follies of 
economists” or the “stubbornness” of 
psychologists to “a misapplication of 
statistical methodology.” 

All in all, a useful book. This is an im¬ 
portant document for the history of psy¬ 
chology, a varied application of a sys¬ 
tematic approach to cognition by one of 
the inventors of a computer analogy of 
human thought, and an indicator of the 
personal concerns and drive of one of the 
country’s leading scientific minds—our 
most recent Nobelist.— Donald A. Nor¬ 
man, Program in Cognitive Science, 
Psychology, University of California, San 
Diego 

The California Water Atlas 

William L. Kahrl, ed. 118 pp. State of 

California and William Kaufman, 


is difficult because, Proteus-like, it takes Inc., 1979. $37.50, 
on the shape of its environment. Con- By almost any measure The Califor- 
fronted with a particular kind of task, it nia Water Atlas is a superlative book, It 

gradually fits its processing capabilities, concerns the most critical of the man- 

as far as it can, to the requirements of that ageable resources of the most populous 

task.” One issue of current concern in and agriculturally productive state in the 

cognitive psychology is whether the nation, It is the most complete statement 

human being is a simple serial processor ever made in one volume of the evolution 

(as Simon believes) or a parallel processor, and operation of what is probably the 

with distinctions between conscious and most complex and expensive water dis- 

subconscious operations. Simon reacts to tribution system in existence today. And 

the alternative with some annoyance, it accomplishes its aims with style: lucid 

providing serial explanations of subcon- text, beautiful illustrations, and over 30 

scious creativity, of insights, and of other full- and double-page maps and charts 

related phenomena, I find these argu- which, with ingenious use of color and 

ments a bit less than persuasive, un- form, make a staggering amount of 

characteristically weak, and considerably quantitative data easier to understand 
hedged, Unfortunately these debates oc- and remember than would be the case 

cupy only a few scattered paragraphs. were it all presented in tables and 

Personal asides in the book give hints graphs, 
of difficulties Simon has had in gaining California's water problems stem from 
acceptance for his views, A footnote tells the circumstance that most of the state’s 
us that the influential work on memory, supply originates in its northern and 
EPAM, was rejected by an American mountainous areas, while most of its 

journal (the Psychological Review) and people live in the southern and lowland 

was published in the British Journal of areas. Further, the amount of water re- 
Psychology. Another aside points out his ceived is highly seasonal (summers are 

t \ ( u, i* - .t Tu _ 
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dry) and notoriously irregular from place 
to place and from year to year. In coping 
with the resulting distribution problem, 
California has probably pumped more 
groundwater (now over 15 million acre- 
feet annually), built more reservoirs 
(1,200+), and imported more water from 
beyond its borders (currently about 5.2 
million acre-feet annually) than any other 
state. 

The Atlas conveys its message in three 
principal sections. The first is a summary 
of California’s natural endowment—why, 
where, when, and in what quantities water 
is delivered to the state by precipitation 
and rivers, The second, perhaps of great¬ 
est interest to the widest readership, re¬ 
counts the evolution of California’s water 
system from Gold Rush days to the 
present—a fascinating story of the intri¬ 
cate interplay among engineering, finan¬ 
cial, legal, and political factors, the natu¬ 
ral endowment, and the burgeoning de¬ 
mands of competing users. The third ex¬ 
plains the complex system in operation 
today, how it works, what its problems 
are, and some of its future needs. Despite 
the many authors, the presentation is 
highly readable, sometimes quite ab¬ 
sorbing, and almost conspicuously im¬ 
partial when it comes to controversial 
topics such as the Colorado River, the 
160-acre limitation, or conflict between 
state agencies and the federal Bureau of 
Reclamation. This evenhandedness is 
admirably appropriate in a work pro¬ 
duced by a public agency and designed to 
inform rather than persuade. 

The narrative passages include brief 
accounts of early problems with sediment 
put into streams by hydraulic mining in 
the moutains; flooding and levee building 
on the Sacramento-San Joaquin delta; 
engineering, financing, and political 
struggles that beset the Hetch Hetchy 
project to bring water over 150 miles to 
the San Francisco area and the 233-mile 
Owens Valley aqueduct to supply Los 
Angeles; the formation of the Salton Sea 
when early efforts to tap the Colorado 
River for irrigation in the Imperial Valley 
got out of control, There are vignettes on 
influential and colorful personalities like 
William “Ham” Hall, William Mulhol- 
land, and George Chaffey. The California 
law of water rights, about which whole 
books have been written, is nicely devel¬ 
oped, largely through anecdotes sampling 
the almost endless litigation over the 
rights of appropriates and of riparian 
users, and the doctrine of reasonable and 
beneficial use. 

For more than a century the trend of 
water control in California has been away 
from private ownership toward ever larger 
public entities. Now the major problems 
(e.g. planning an adequate supply for the 
anticipated 29 million inhabitants by the 
year 2000) are too large to be solved at 
anything less than the state level. Success 
in such huge endeavors will be more likely 
if all parties, especially voters and politi¬ 
cians, are well informed. The California 


Water Atlas takes an unprecedented and 
important step in that direction. The 
book, however, is physically awkward to 
read; a second edition, reduced in size, 
could be even more helpful— John S, 
Shelton, Consultant, La Jolla, CA 


The Evolution of Social 
Systems 

J. Friedman and M, J. Rowlands, eds. 

562 pp. University of Pittsburgh 

Press, 1979. $45. 

This volume, resulting from a Re¬ 
search Seminar in Archaeology and Re¬ 
lated Subjects held at the Institute of 
Archaeology, London University, contains 
twenty papers by a number of well-known 
social anthropologists, with a few ar¬ 
chaeologists and a couple of historians 
also contributing. The editors say the 
book “discusses problems in evolutionary 
theory and clarifies and develops models 
for social evolution that can be tested 
against a range of ethnographic, historic, 
and prehistoric data,” It is not about 
“traditional problems of cultural evolu¬ 
tion as they have been treated in general 
works on the subject”; rather, the papers 
“deal with more specific aspects of evo¬ 
lutionary processes” and together con¬ 
stitute “a study of the nature of such 
processes.” 

Despite the considerable merits of 
many of the papers, they do not add up to 
anything like a new and coherent way of 
conceptualizing, comparing, and gener¬ 
alizing about social systems from a gen¬ 
uinely evolutionary perspective. The ed¬ 
itors frankly admit that the theoretical 
positions presented are diverse and often 
diametrically opposed, This is not a 
drawback, they say, because “at this stage 
in theoretical discussion it has been both 
necessary and fruitful to present the re¬ 
sults of very different major approaches.” 
But the reader is entitled to ask in what 
sense are any or all of these “different 
major approaches” evolutionary? Most of 
the papers are self-avowed case studies of 
social change and, although some of the 
authors do use evolutionary language 
(some, like M, G. Smith on “conditions of 
change in social stratification,” avoid it 
altogether), it is often in so a trivial way 
that the substance of what they say would 
not be greatly altered by writing of growth 
or development instead. Fewer still give 
any attention to the question of what 
distinguishes evolutionary processes from 
processes of social change, The question 
of what a theory of social evolution, as 
distinct from a theory of social change, 
would look like is barely posed, much less 
answered, even in outline form, 

One theme that does, in a sense, unify 
many of the papers is hierarchical differ¬ 
entiation and state formation; indeed, one 
contributor, Harris, describes “the main 
focus” of the book as “the evolution of 
complex societies.” But although, his 


contribution is titled “Settling down: An ; 
evolutionary model for the transforms | 
tion of mobile bands into sedentary \ 
communities,” he describes it also, minus 
any talk about evolution, as an examina- \ 
tion of “the relationships between ; 
changes in population, mobility, and so¬ 
cioeconomic organization that may un¬ 
derlie the early states in the transforma¬ 
tion of simple into complex communi¬ 
ties.” We can only hope that by “evoiu- < 
tion” Harris means more than the growth 
or development of complex from simple 
forms, because he, like most other con¬ 
tributors, never does say what distin¬ 
guishes evolutionary from other kinds of 
processes. 

Even in the editors’ contribution, “ev¬ 
olutionary” is used to describe certain 
processes of social change and a mode! of 
them, but without specification ofwhatis 
distinctly evolutionary about them. In 
effect, the question is evaded, not an¬ 
swered, by defining social evolution as the 
process of emergence and transformation 
of “dominant structures,” in turn defined 
as those social structures “that dominate 
the processes of production and circula¬ 
tion and which therefore constitute the 
socially determined form by which pop¬ 
ulations reproduce themselves as eco¬ 
nomic entities.” Superficially, some of the 
processes the editors describe as evolu¬ 
tionary—indeed, as constitutive of social 
evolution—are similar to those that occur , 
in nonhuman populations as conse¬ 
quences of genetic mutation and natural 
selection; but Friedman and Rowlands 
make no attempt to show that the 
underlying mechanisms are homolo¬ 
gous. 

It is therefore appropriate that, in the 
middle of it all, S. C. Humphreys ob¬ 
serves, “I am not personally convinced 
that the comparative study of processes 
of social change—the comparison of 
structures seen dynamically and not 
statically—will produce results which 
could appropriately be called a theory of 
evolution." “But,” he adds, “this is per¬ 
haps not very important at present: we 
can surely agree that such a study is 
worthwhile in any case,” Maybe we should 
not agree to this, however, because even 
more surely it can only make our dis¬ 
course more murky and less productive to 
phrase comparative studies of social 
change trivially in evolutionary language, 
without grounding them in a systematic 
and genuinely evolutionary theoretical 
framework,— H. W. Scheffler, Anthro¬ 
pology, Yale University 


Science, Technology, and 
Global Problems 

Views from the Developing World. S, 
Radhakrighna, ed. 240 pp. Pergamon 
Press, 1980. $39. 

One of the pressing questions of our 
times is how the many less developed 
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countries in Asia, Africa, and Latin 
America can utilize their human and 
material resources so as to share in the 
advantages available to the more ad¬ 
vanced countries. In August 1979 the 
United Nations sponsored the Conference 
on Science and Technology for Develop¬ 
ment, in Vienna, ostensibly to develop 
policies on the transfer of science and 
technology from the have to the have-not 
nations. 

In its actual course, the conference 
unfortunately became highly politicized 
and was dominated by the ambitions of 
the so-called “Group of Seventy- 
Seven”—a loose federation of some 120 
developing countries that prefer to use 
such occasions to focus on controversial 
issues. They devoted the two weeks of 
meetings mainly to pursuing a plan to levy 
a "windfall tax” of $2 or $3 billion per year 
on the developed countries to provide a 
fund that the less developed nations could 
use for development as their judgment 
might determine. The advanced countries 
succeeded in toning down this proposal 
substantially, but a rare (and expensive) 
opportunity to focus on the real issues 
related to the uses of science and tech¬ 
nology on a truly international scale was 
all but lost. 

Fortunately, a number of activities as¬ 
sociated with the preparation for the 
Vienna meeting brought together mem¬ 
bers of the large and ever-growing com¬ 
munity of professional scientists, engi¬ 
neers, economists, and political scientists 
who can contribute in a constructive way 
to the problem of helping the less devel¬ 
oped countries help themselves. In par¬ 
ticular, a number of international orga¬ 
nizations sponsored regional and other 
conferences where discussions focused on 
the technical problems associated with 
development. 

Pergamon Press is publishing a series 
of six volumes devoted, among other 
things, to some of these auxiliary activi¬ 
ties. This volume is derived from a four- 
day meeting held in Kuala Lumpur in 
April 1979, under the sponsorship of the 
Committee on Science and Technology in 
Developing Countries (COSTED) in as¬ 
sociation with UNESCO, the Malaysian 
Scientific Association, and other organi¬ 
zations. S. Radhakrishna, the Scientific 
Secretary of COSTED, has, with the help 
of several subcommittees, organized the 
materials presented at the meeting into a 
series of essays. S. Bhagavantum, the 
president of COSTED, provided both 
wisdom and inspiration, While he pays lip 
service to “the spirit of the Group of 
Seventy-Seven,” he, like others who par¬ 
ticipated in the conference, was of suffi¬ 
cient stature to rise above pettiness and 
recognize that some of the problems of the 
underdeveloped countries are indigenous, 
being linked to matters such as deeply 
ingrained traditions and the misuse of 
educational opportunities, 

The participants came not only from 
the less developed regions surrounding 


the Indian Ocean but also from Egypt, 
Sudan, Kenya, Guyana, the Philippines, 
and Argentina, as well as from some of the 
developed countries of the Atlantic region 
and from Japan. 

Issues treated in individual chapters of 
the book center on measures of the level 
of development of a given country, science 
education and scientific research in de¬ 
veloped countries, agricultural programs, 
health services and medical education, 
technology transfer and industrialization, 
and natural resources. Each chapter 
evolved by consensus, with the help of a 
committee made up of individuals from 
both developing and developed countries, 
The conferees also emerged with a nine- 
point statement expressing their view of 
steps that must be taken by the United 
Nations and other international organi¬ 
zations if the developing countries are to 
be helped through international pro¬ 
grams. This statement was intended to 
provide guidance to the participants of 
the Vienna meeting but has a value well 
beyond that goal. 

Like the other volumes in the series, 
this is a useful compendium for those in¬ 
terested in gaining an overview of the 
obstacles and outlook of the developing 
countries as they struggle to overcome the 
problems of poverty. It has always seemed 
somewhat strange to me that leading in¬ 
dividuals from countries such as the Re¬ 
public of China and the Republic of 
Korea, which are in the midst of very 
rapid development and are enjoying all 
the benefits of growth, are not asked to 
play a significant role in such discussions, 
for among other things they have learned 
to link their own indigenous resources and 
capabilities to opportunities provided by 
the most developed countries in a highly 
effective and compatible way, One can 
only conclude that those who organized 
the meeting in Kuala Lumpur felt con¬ 
strained to limit their own horizon—a 
matter which is of interest in itself.— 
Frederick Seitz, The Rockefeller Uni¬ 
versity 


The Soviet Energy System 

Resource Use and Policies. Leslie 
Dienes and Theodore Shabad, Scripta 
Series in Geography, 298 pp. Halsted 
Press, 1979, $19.95. 

The authors, two of the Western 
world’s outstanding authorities on Soviet 
energy, have joined forces to present the 
most comprehensive and up-to-date re¬ 
view yet published of the.USSR’s energy 
system. The data base, collected over 
more than two decades, is enormous; the 
treatment is concise yet scholarly; and the 
conclusions are both logical and sound. 

The authors point out that the Soviet 
Union has a major energy problem, but 
that its causes are somewhat different 
from those in the West and Japan. In- 
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stead of an energy shortage, the USSR 
suffers from problems of backward tech¬ 
nology, geographic distribution, and 
transport bottleneck which are unparal¬ 
leled in any other industrialized state and 
which have prevented the country from 
developing its resources economically. Of 
these causes, I feel that Dienes and Sha¬ 
bad failed only to emphasize the severity 
of the USSR’s technological problems. 

The USSR’s extreme backwardness in 
energy technology, with the sole exception 
of electric power transmission, is one of 
the least-known phenomena of Soviet 
industry. The resulting energy crisis in the 
USSR (the world’s second largest eco¬ 
nomic power) will hinder that country’s 
progress unless technology is improved 
quickly, something whichhas not yet been 
attempted. The problem is all the more 
serious because: (1) the USSR must con¬ 
tinue to be the principal petroleum sup¬ 
plier for its satellites if it is to maintain its : 
influence in these countries; and (2) ex¬ 
ports to Japan and the West, which pro¬ 
vide most of the USSR’s hard-currency 
earnings, are important in ensuring the 
continued purchases of equipment and 
other goods necessary for domestic eco- 
nomic growth. 

Part of the solution is to be sought in an 
increase in the use of coal, natural gas, 
hydroelectric power, and nuclear energy, 
with a concomitant reduction in oil con¬ 
sumption. Unfortunately, like oil, these 
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alternate energy sources—which are huge 
in comparison with those of almost every 
other nation in the world—are located 
mainly in areas far removed from the 
population centers that utilize them. 

The text reviews each of the following 
resources: oil, natural gas, coal, lignite, 
peat, oil shale, hydroelectric power, and 
nuclear power. The role of the electric 
power industry (and the fuels used to 
maintain it) is examined, as are foreign 
trade, domestic allocation, fuel substitu¬ 
tion, boiler efficiency, and related prob¬ 
lems. The importance of internal political 
conflicts, which have in some cases se¬ 
verely exacerbated other problems, is 
summarized, (More than seven separate 
ministries are responsible for energy 
matters.) The authors also point out the 
lack of a comprehensive national energy 
policy, (I might also add that the Soviets 
do not even have a good idea of their re¬ 
serves and resource potential, especially 
regarding oil.) 

Dienes and Shabad conclude that, on 
the basis of present performance, Soviet 
planners cannot count on solid fuels to 
substitute widely for oil and gas; that 
Soviet solid fuel output is rising too slowly 
to alleviate the country’s immediate and 
medium-term problems; that the burden 
on oil and gas cannot, at least during the 
1980s, be relieved; and that “The Soviet 
oil industry is plainly in trouble.” They 
observe further that geographic distri¬ 
bution and technological constraints will 
prevent the gas industry from offsetting 
the shortfalls in other fuels. Oil and coal 
production quotas were not met during 
the 1976-80 Five-Year Plan, nor are the 
new quotas for the 1981-85 Plan suffi¬ 
cient to eliminate the problems. The au¬ 
thors conclude that a 1.6% annual oil 
production increase would he required to 
maintain present export levels to the 
Comecon partners and a small export 
level for hard-currency earnings, Should 
production peak, exports beyond the 
Comecon nations would have to cease 
before 1990 and exports to Comecon 
countries would have to be cut in half. If 
production begins to decline, both the 
USSR and the Comecon members would 
have to weather that shock on top of the 
Soviet loss of hard currency. To make 
matters even worse, the USSR is plagued 
by labor and capital shortages and sys¬ 
temic ills. These plus the falling produc¬ 
tion rates will slow economic growth, “The 
Moscow planners could and will be able to 
live with an economic expansion of only 
3%, even slightly less. However, the po¬ 
litical and psychological consequences of 
economic growth much below that rate 
would be profound.” 

In this limited space, it is impossible to 
do justice to such an outstanding work. I 
can only state, in conclusion, that any 
individual, organization, or government 
that is vitally concerned with the world 
energy situation cannot do without this 
book on its shelves.—A. A. Meyerhoff, 
Consulting Geologist, Tulsa, OK 
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The Genetics and Biology 
of Drosophila 

M. Ashburner and T. R. F. Wright, 

eds. Vol. 2a. 604 pp. $59, Vol. 2b. 601 

pp. $61.25. Vol, 2c. 617 pp. $81. Aca¬ 
demic Press, 1978. 

In 1950 M. Demerec edited the one- 
volume Biology of Drosophila, designed 
to provide background information on an 
organism that at the time was important 
primarily as an object of genetic and ev¬ 
olutionary studies. That work has been a 
standard reference on anatomy and de¬ 
velopment, as well as basic collection and 
culture methods, for innumerable stu¬ 
dents of Drosophila. Among the multiple 
volumes, published or planned, that 
comprise The Genetics and Biology of 
Drosophila, Volume 2 (actually to be is¬ 
sued in four or five parts, the first three of 
which were available for this review) is the 
most direct successor to Demerec’s classic. 
Thus, while Volumes 1 and 3 cover, re¬ 
spectively, the formal genetics of Dro¬ 
sophila (mostly D. melanogaster) and the 
ecology and evolution of the genus, Vol¬ 
ume 2 encompasses other facets of the 
biology of this important experimental 
organism. Topics range over laboratory 
culture methods (including tissue and 
organ culture) and other useful experi¬ 
mental procedures, anatomy and physi¬ 
ology of each major organ system, de¬ 
scriptive and experimental embryology 
(including postembryonic development 
and neoplasms), neurobiology and be¬ 
havior, nutrition, and aspects of bio¬ 
chemistry. 

Much of this is no longer simply back¬ 
ground information, The range of bio¬ 
logical disciplines to which Drosophila 
research now contributes substantially is 
truly staggering. In a sense there has been 
at least a partial role reversal, Much re¬ 
cent work on Drosophila centers on fun¬ 
damental questions in molecular biology, 
developmental biology, neurobiology, and 
behavior, with genetics cast in a sup¬ 
porting role. Saying that does not belittle 
the importance of the genetics. It is, of 
course, the remarkably powerful array of 
genetic tools and techniques that can be 
brought to bear on their specific problems 
that attracts many investigators whose 
primary interest is in one of the other 
fields. Thus, although Volume 2 is not 
nominally concerned with genetics, it 
figures prominently in about half the 
chapters and marginally in several 
others. 

In Drosophila research as in other 
fields, accumulation of information is 
essentially autocatalytic. As the organism 
becomes better , understood, new ques¬ 
tions can be addressed and ever more 
thorough and rigorous analyses under¬ 
taken. But this flood of information is at 
the same time a major hurdle. A new¬ 
comer must master a substantial portion 
of this information to take full advantage 
of the system, and an established inves¬ 
tigator must try to keep up. This situation 


makes a compilation like the present se¬ 
ries both attractive to contemplate and 
almost impossible to accomplish in a 
completely satisfactory fashion. The usual 
problems with lack of currency and rapid 
obsolescence arise, particularly in areas of 
intense research activity such as devel¬ 
opmental biology and neurobiology. The 
sections on basic anatomy, physiology, 
and descriptive aspects of development 
will hold up better. 

Regrettably, for logistic reasons, the 
editors abandoned their initial plan to 
organize the chapters in a logical sequence 
and have issued them more or less in the 
order received. The result is that one 
cannot obtain a subset of volumes that 
contain the material most likely to he of 
lasting value. Nor can an investigator 
purchase only one or two volumes that 
cover his specialty and allied subjects. For 
example, chapters likely to be of interest 
to a developmental biologist are scattered 
through all the volumes, as are those 
covering the anatomy and physiology of 
major organ systems. 

Nevertheless, there is no doubt that 
this series will be enormously useful to 
anyone working with Drosophila or 
thinking of doing so. The coverage is 
broad, and the chapters were prepared by 
recognized authorities in their respective 
areas and are generally quite well exe¬ 
cuted. The tone ranges appropriately 
from “helpful household hints” in some 
of the methodological chapters to schol¬ 
arly reviews of recent literature in chap¬ 
ters covering active research fields. Alto¬ 
gether, several thousand references are 
provided, although certainly that includes 
some overlap. Some of the sections on 
anatomy and descriptive embryology in¬ 
clude much new work, notably excellent 
illustrations. The set’s usefulness as a 
reference tool is enhanced by the inclusion 
of author, subject, and species indexes in 
each volume. One can hope that a cumu¬ 
lative index will be included in the final 
volume, since topics are so scattered; 

Almost no one will sit down and read 
through this complete set, but members 
of every active Drosophila lab will want 
access to it. Demerec’s effort seems to 
have a worthy, if bulky, successor.—IV. J. 
Dickinson, Biology, University of Utah 
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The Efficient Use of Energy Re¬ 
sources. William D. Nordhaus. Cowles 
Foundation for Research in Economics 
at Yale University, Monograph 26.161 
pp. Yale University Press, 1979. 
$17.50. 

The very long energy future, that peri¬ 
od in which the world “runs out” of non¬ 
renewable energy resources, is a subject 
that must be treated subjectively and 




through the grossest form of speculation. 
Despite this limitation, Nordhaus refuses 
to treat the topic as fit only for hand- 
waving and fuzzy thinking, using this 
book to present an elegant solution to how 
the world will adjust to dwindling supplies 
of fossil fuels over the next century. 
Though the author asks that no detail of 
his results be taken very seriously, he does 
paint a broad picture of the relative roles 
of oil and natural gas, coal, synthetic fuels, 
and nuclear and solar power over this 
long-range period. The author delineates 
this picture for an efficient world (no 
OPEC, no double taxation of capital, re¬ 
search and development performed so 
technologies are available on schedule, 
and no tightening of environmental con¬ 
straints), and then sketches a contrasting 
portrait of the imperfect world we will 
almost certainly live in. 

Unlike the doomsday school, who see 
the process of running out of resources 
leading to catastrophe, Nordhaus assumes 
a “backstop” technology—a technology 
that will draw on inexhaustible resources 
and provide a perpetual and renewable 
energy source. The breeder reactor fills 
this role, though a solar alternative is also 
considered, which (for unexplained rea¬ 
sons) is limited to solar electricity from a 
grid. Hydrogen fuel is assumed to be 
available under some cost conditions. The 
existence of the capital-intensive back¬ 
stop leads to an obvious solution in an 
efficient world: deplete all the oil, gas, and 
coal before you turn to long-range alter¬ 
natives. Why? Because the alternatives 
tie up capital that is best left to multiply 
in more productive uses over the next few 
decades while the cheap oil and gas is 
depleted. In a more realistic world this 
solution is qualified. OPEC’s grip on the 
world oil market is the major influence in 
altering this strategy for using energy re¬ 
sources, but constraints on growth and 
lags in research and development are also 
important factors. The less efficient world 
stops using oil and gas for electricity in the 
1980s and turns to synthetic fuels by the 
1990s. All solutions rely heavily on nuclear 
converters for electricity, besides the use 
of the breeder as a backstop technology. 

All of the author’s assumptions are fed 
into a mathematical model that draws the 
conclusions outlined above. This makes 
the reading difficult for those more in¬ 
terested in substance than methodology, 
since throughout the book the author 
treats his results as a stepchild of the 
model and its formulation. Nordhaus 
(unlike many of his colleagues in the en¬ 
ergy-modeling business) is consistent and 
articulate in laying out the enormous 
uncertainties that surround his assump¬ 
tions and methodology. Anyone inter¬ 
ested in the long-range energy future and 
its implications for research and devel¬ 
opment priorities will want to test both 
the logic and the conclusions of this book 
against his own perceptions.— Robert IF. 
Gilmer, Institute for Energy Analysis, 
Oak Ridge Associated Universities 


Coordination Chemistry of Macrocy- 

clic Compounds. Gordon A. Melson, 

ed. 664 pp. Plenum, 1979. $49.50, 

Research in macrocyclic ligand chem¬ 
istry has been and, to a considerable de¬ 
gree, continues to be rather sharply di¬ 
vided into two areas: (1) studies on the 
synthesis of macrocyclic polyethers 
(crown, cryptates, etc.) and their complex 
forming reactions with predominantly 
labile, nontransition metals and (2) sim¬ 
ilar studies of ligands with other donor 
atoms, most frequently nitrogen, and 
transition metal ions. Reviews of any area 
of chemistry are likely to reflect the re¬ 
search interests of the author or editor, 
and this volume is no exception: six of 
nine chapters deal almost exclusively with 
transition metal chemistry. 

Three chapters are devoted to the 
synthesis, molecular structure,' and elec¬ 
tronic structure of transition metal com¬ 
plexes of macrocyclic ligands. These 
chapters are well organized according to 
ligand type and metal, so that information 
is easily found. The chapter on structure 
is the most current one in the book, with 
references well into 1978. 

Chapter 6, on reactions of transition 
metal complexes of tetraaza macrocyclies, 
discusses both metal and ligand centered 
reactions. It is more critically written and 
interpretative in nature than any other, 
Two chapters are concerned with 
phthalocyanines and porphyrin com¬ 
plexes. The porphyrin chapter is only 20 
pages long and does little more than pro¬ 
vide directives to other reviews on this 
voluminous topic. Polyether chemistry 
dominates the chapter on thermody¬ 
namics and kinetics of metal-ligand in¬ 
teractions, which is also heavily weighted 
toward thermodynamic considerations 
with minimal discussion of kinetics. The 
second of the two chapters on polyethers 
is devoted to synthesis, structure, and 
techniques for study of crowns and cryp¬ 
tates. The last chapter briefly considers 
the notion that studies of compounds 
designed to mimic some aspect of a bio¬ 
logical molecule can provide information 
useful in understanding the naturally 
occurring molecule and then describes 
attempts to develop and interpret such 
models. 

As in most volumes of this type, there 
was some delay between writing and 
publication. Coverage of the literature is 
apparently complete through 1976 in all 
cases, with inclusion of some 1977 and 
1978 references in two or three chapters. 
In most cases this is not a serious problem, 
since the Citation Index can be used to 
complete the literature coverage. The 
book would appear to be most useful as an 
information source for chemists inter¬ 
ested in transition metal chemistry, al¬ 
though Chapter 6 probably should be re¬ 
quired reading for anyone undertaking 
studies of reactions of transition metal 
macrocyclies.— E. Kent Barefield, 
Chemistry, Georgia Institute of Tech - 
nology 


Light Scattering in Solids. Joseph L. 

Birman, Herman Z. Cummins, Karl K. 

Rebane, eds. Proc. 2nd Joint US-USSR 

Symp., New York, 1979. 535 pp, Ple¬ 
num, 1979, $55. 

The emphasis of the symposium-sem¬ 
inar represented by this collection was on 
theoretical concepts of light-matter in¬ 
teractions and related experimental ad¬ 
vances, as opposed to other recent con¬ 
ferences on light scattering oriented more 
toward materials. The papers cover a 
broad range, with a good balance between 
summaries of recent work, theoretical 
discussions, and experiments that have an 
impact on current ideas. Researchers 
unfamiliar with a particular topic can thus 
obtain the background necessary to ap¬ 
preciate the importance of the specific 
theoretical and experimental contribu¬ 
tions. 

Because the overall quality is very good 
1 find it difficult to emphasize any indi¬ 
vidual contribution, but I would like to 
■ point out two topics here that rarely ap¬ 
pear in such volumes: the nature of sur¬ 
face-enhanced Raman scattering and 
dynamical light scattering from turbulent 
systems, Inclusion of these rapidly de¬ 
veloping areas gives the reader insight 
into the state of light-scattering research 
at this time. 

From the text it is evident that the 
symposium was stimulating and suc¬ 
cessful, a success that makes the current 
status of relations between the United 
States and the USSR even more unfor¬ 
tunate. In his concluding remarks, Cum¬ 
mins notes the difficulty that occurred in 
organizing this conference even when in¬ 
ternational relations were at a zenith. 
Although Professor Akhmanov concludes 
by suggesting that another similar semi¬ 
nar will be held in Russia, I believe that 
many Americans would be unwilling to 
participate if the present Soviet policies 
persist.— Robert J. Nemanich, Xerox 
Palo Alto Research Center 


High-Energy Physics in the Einstein 
Centennial Year. Behram Kursuno- 
. glu, Arnold Perlmutter, Frank Krausz, 
Linda F. Scott, eds. Studies in the 
Natural Sciences, 16.525 pp. Plenum, 

■ 1979. $55. 

This book, the proceedings of the Orbis 
Scientiae conference of 1979,: covers ex¬ 
tensively almost all of the hot topics in 
high-energy physics in an unusually pro¬ 
found yet self-contained style. It provides 
not only a succinct and interesting review 
of recent achievements—evidence and 
properties of quarks, observation of 
charm, the parity violation effect in elec¬ 
tromagnetic interactions, and QCD ef¬ 
fects in lepton-hadron or hadron-hadron 
interactions—but also a vivid and per¬ 
ceptive description of future trends in the 
field. I find the speculative work on pro¬ 
ton lifetime, the properties of the yet- 
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to-be-found top quark, and the interfer¬ 
ence of charged and neutral currents most 
stimulating. All of these are still the main 
topics in high-energy physics today, more 
than one year after the conference was 
held. 

The only major recent development in 
particle physics the authors failed to 
foresee at that time is the direct observa¬ 
tion of the emission of gluon jets in e + e" 
annihilation, the most spectacular success 
of QCD to date, which took place in Au¬ 
gust 1979. 

In spite of the many different topics 
covered in the book, there is a common 
spirit in every chapter. We can sense in¬ 
tense efforts from many different direc¬ 
tions toward a common goal: the unifica¬ 
tion of the strong, the electromagnetic, 
and the weak interactions. Although we 
are still quite far away from Einstein’s 
long-sought dream of unified field theory, 
the same spirit and effort is embodied 
here.—Mn Chen, Physics, M.LT, 


Groups in Physics: Collective Model of 
the Nucleus, Canonical Transforma¬ 
tions in Quantum Mechanics, Marcos 
Moshinsky. 99 pp. Les Presses de l’U- 
niversite de Montreal, 1979. $7 paper. 
This short booklet contains lecture 
notes describing the status of two appli¬ 
cations of group theory to actual problems 
in physics—namely, group theory and the 
collective model of the nucleus, and 
groups of canonical transformations and 
their representation in quantum me¬ 
chanics. It is not a textbook, but a special 
handbook containing the latest results of 
a special area in lucid and compact 
form. 

Progress in the field of the collective 
nuclear model, where the wavefunctions 
of the five-dimensional quadrupole os¬ 
cillator have been determined analytically 
by Moshinsky and his associates, leads to 
considerable improvement in our under¬ 
standing of low-energy nuclear structure 
and to the unification of heretofore dis¬ 
tinct models (vibrator, rotator, etc.). : 

Canonical transformations were used 
extensively in classical mechanics, and 
Dirac looked for representations of some 
of them in his book on quantum me¬ 
chanics, Afterwards, they were almost 
completely forgotten except for the par¬ 
ticular case of point transformations. At 
the present time, there is a revival in this 
field due to interest in dynamical sym¬ 
metries and geometric quantization, In¬ 
deed, dynamical symmetries related to 
canonical transformations, as contrasted 
with geometrical symmetries related to 
point transformations, have so far played 
a relatively minor role in quantum me¬ 
chanics. The developments of the past few 
years clearly suggest that this role is ex¬ 
panding, and thus a grasp of the proce¬ 
dure for finding the representation of 
canonical transformations in quantum 


mechanics is becoming vital. Moshinsky 
gives a concise introduction to this field, 
leading to most recent developments.- 
Walter Greiner, Physics, University of 
Frankfurt, West Germany 


Asteroids. Tom Gehrels, ed. 1181 pp. 

University of Arizona Press, 1979. 

$19.95. 

My initial reaction to this massive (1.45 
kg) compendium was that it might have 
been titled: “What you always wanted to 
know about asteroids but were afraid to 
ask,” with the possible comment: “This 
book tells me more about asteroids than 
I really want to know.” It is not possible 
within the space limitations of this review 
to give a fair accounting of the 53 indi¬ 
vidual contributions (grouped into In¬ 
troduction, Exploration, Interrelation, 
Configuration, Composition, Evolution, 
Tabulation). The product of a conference 
held in Tucson in March 1979, eight years 
after an earlier conference on the same 
subject, the book is an impressive indi¬ 
cator of the great increase in research ac¬ 
tivity on these minor planetary bodies 
during the past decade. Research has of 
course been stimulated by concurrent 
lunar, planetary, and meteorite investi¬ 
gations, 

The book’s value as an excellent refer¬ 
ence work on all aspects of asteroid re¬ 
search is enhanced by the three papers in 
the Introduction, each of which provides 
a comprehensive review of many of the 
topics treated in detail in later articles. 
The aims stated in the Preface are admi¬ 
rably achieved: “Readers to whom the 
asteroids are new will find a field of study 
that invites their participation in new 
exploration. Readers who believe they 
know the asteroids will find major con¬ 
tributions that are not published else¬ 
where.” The editor is to be complimented 
on his success in producing this multiau- 
thored volume in less than a year from the 
date of the conference, thereby preserving 
an agreeable timeliness in the individual 
contributions.—Brian Mason, Division 
of Meteorites, Smithsonian Institution 


Solar Versus Nuclear: Choosing Energy 
Futures. Secretariat for Futures Stud¬ 
ies, Stockholm. 174 pp. Pergamon 
Press, 1980, $30. cloth, $15 paper. 

Solar Versus Nuclear presents two 
extreme scenarios for Sweden’s energy 
future, nearly all solar or all nuclear, and 
comes out with comparable total costs for 
the two—a very interesting and 
thought-provoking conclusion. However, 
the extreme nature of these scenarios 
makes this conclusion all but useless. For 
example, in the all-nuclear case, fuel for 
transportation must come from hydrogen 
produced by electrolysis of water and 
space heating must be provided by reactor 


steam or electricity, whereas in the sola* 
case these come from biomass-produce^ 
methanol and direct solar heating-fey, 
would argue for the nuclear alternative it* 
these cases if the solar alternatives wer$ 
available at the prices given. Discounting 
hydropower, 70% of the solar energy 
comes from biomass; this may be possibly 
in Sweden, but it certainly is not appSi v 
cable in the United States. The sola* 
electricity is 30% photovoltaic—priced a* 
the DOE cost goal for the cells alone but 
ignoring the price of associated equip, 
ment, which DOE estimates to be twice a* 
costly—and 18% wind, but storage and 
back-up systems are discussed only cur. 
sorily and qualitatively, omitting mention 
of power transmission lines, which ar* 
treated as an important debit in the mu 
clear case. Nowhere are costs per kilo, 
watt-hour considered, although this 
normally the basis on which electrical 
supply options are compared. 

There are thought-provoking discus, 
sions of the strong political, economic, 
institutional, and social measures neces. 
sary to implement the solar future, 
whereas it is pointed out that the nuclear 
future might come about naturally in the 
absence of strong direction. A long In. 
troduction discusses energy and its in¬ 
teraction with society and considers the 
transitional period. 

The book does not appear to be preju¬ 
diced in its detailed considerations, and 
lots of interesting ideas are brought up, 
which makes it worthwhile reading for 
those interested in societal issues. For 
anyone interested in technological deci¬ 
sion-making on the basis of detailed 
comparisons of advantages and disad¬ 
vantages of alternatives without regard to 
ideology, however, this book has little to 
offer. But perhaps its most important 
lesson is that extremism should be 
avoided in all situations .—Bernard L. 
Cohen, Physics, University of Pitts¬ 
burgh 


Fiber and Integrated Optics, D. B. Os- 
trowsky, ed. 417 pp. NATO Advanced 
Study Institutes, Series B: Physics, 41- 
Plenum, 1979. $42.50. 


Intended to serve as an introduction to 


the field for nonspecialists, this volu# 
covers in some depth theoretical aspect 
such as the propagation of light withiP 
optical fibers and the fundamental and 
practical limits to optical detection sei»' 
sitivity. The important differences be' 


tween systems operating at 0,85 fim an< 
~1.3 «m wavelengths are discussed. 


Any topics omitted by the authors a t e 
confined to the most recent. The system 9 
lectures, for instance, make little mentioP 
of important new detectors or of thelate^ 
receiver techniques, using GaAs FE> 


amplifiers, heterojunction bipolar trap 


sistors, and integration. Rather, discus 
sion is limited to the standard: pin ar» ( 
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^valanche diodes with silicon bipolar 
fjransimpedance amplifiers. 

Similarly, new laser types such as bur- 
jed-heterostructure, channel-substrate, 
^nd lateral-injection devices receive little 
attention. This is partially due to the 
^peed of progress in the field. On the other 
pand, the discussion of high-power non¬ 
linear experiments carried out within fi¬ 
bers is very topical, including as it does 
jpention of the important difficulties in¬ 
troduced by singlemode fiber birefrin¬ 
gence. 

Most of the material on thin-film 
modulators and switches is well known, 
though the recently rediscovered phe¬ 
nomenon of feedback-induced bistability 

also included. The discussion of non¬ 
linear effects in thin-films .describes 
probably the best work done with lithium 
jiiobate to date. 

Very little of the book’s material is new, 
pnd much has appeared before in books 
written by certain of the contributors. 
Nevertheless, it does provide a good re¬ 
view of optical system components for the 
telecommunications market and well 
fulfills its aim to serve as an introduction 
to those entering the field. It is compre¬ 
hensive but offers few surprises .—Mark 
Johnson, Optical Technologies, IBM 
Thomas Watson Research Center, 
Yorktaum Heights, NY 


New Phenomena in Lepton-Hadron 
Physics, Dietrich E. C. Fries and Julius 
Wess, eds, NATO Advanced Study 
Institutes, Series B: Physics, 49.436 pp. 
Plenum, 1979. $49.50. 

This volume gives an adequate view of 
the state of particle physics in 1978 with 
a happy blend of theory and experiment, 
standard and nonstandard ideas. The 
review papers should be welcomed by the 
student as well as by the practitioner of 
the art, since they are at a sufficiently el¬ 
ementary level. The theoretical articles on 
gauge theories and quantum chromody¬ 
namics are especially noteworthy, and 
hew phenomena such as heavy leptons are 
Very well described.—?. Ramond, Phys¬ 
ics, California Institute of Technology 


Excited States in Quantum Chemistry: 
Theoretical and Experimental Aspects 
of the Electronic Structure and Prop¬ 
erties of the Excited States in Atoms, 
Molecules, and Solids. Cleanthes A. 
Nicolaides and Donald R. Beck, eds, 
NATO Advanced Study Institutes, 
Series C: Mathematics and Physical 
Sciences, 46.572 pp. D, Reidel, 1979. 
$59. 


Most of the papers ill this book deal 
Nth calculations on noninteracting atoms 
?hd small molecules. Among the contri¬ 
butions from scientists who have devel¬ 


oped Cl and Green’s function techniques 
applicable for excited states of atoms and 
molecules is a series of articles by Pey- 
erimhoff and Buenker that dearly shows 
the power and limitations of their multi ¬ 
reference, double excitation Cl method, 
including its applications to individual 
vibronic states. Beck and Nicolaides give 
a lucid review of the use of a Fermi-Sea 
vector as a reasonable zeroth-order de¬ 
scription of a molecular or atomic state. 
They then proceed from this initial ap¬ 
proximation to obtain reasonable energies 
and oscillator strengths. 

An excellent example of what a series 
of lectures at an Advanced Study Insti¬ 
tute should be is given by von Niessen, 
Cederbaum, and Domcke. They provide 
a clear exposition of the use of Green’s 
functions for ionic states in atoms and 
molecules. Their article introduces the 
subject and applies the calculated tech¬ 
nique to the photoionization spectrum of 
a number of molecules. 

Others briefly describe Cl and Green’s 
function techniques for atoms, molecules, 
polymers, and solids, Only the organic 
photochemistry article by Michl and a 
short paper by Peyerimhoff and Buenker 
are concerned with reactions. A book by 
this title should deal more extensively 
with chemical dynamics. Nevertheless, it 
provides a broad view of the current sta¬ 
tus of atomic and molecular calculations, 
suitable for advanced students of quan¬ 
tum. chemistry .—Martin L. Sage, 
Chemistry, Syracuse University 


Cosmology and Geophysics. Paul S. 
Wesson. Monographs on Astronomical 
Subjects, 3,240 pp. Oxford University 
Press, 1978. $24.95. 

Is there a connection between cosmol¬ 
ogy and geophysics? Not according to 
conventional physics, which tells us that, 
apart from small and calculable tidal 
forces exerted by the galaxy) the solar 
system is unaffected by its cosmic envi¬ 
ronment. But certain speculative cos¬ 
mological theories suggest that there may 
be a connection. 

The most interesting of these theories 
was put forward by P. A. M. Dirac in 1973, 
Its key idea, suggested by Dirac 25 years 
earlier, is known as the Hypothesis of 
Large Numbers. The electrical force be¬ 
tween an electron and a photon is about 
2 X 10 39 times stronger than the gravita¬ 
tional force, The age of the universe is 
about 4 X 10 39 atomic units, Dirac con¬ 
jectured that these two large, dimen¬ 
sionless numbers always have been and 
always will be nearly equal. This implies 
that the ratio of electrical to gravitational 
force between an electron and a proton is 
proportional to the age of the universe, 
But Einstein’s theory of gravitation re¬ 
quires that the ratio between gravitational 
and inertial mass (Newton’s constant G) 
be constant. Dirac’s Hypothesis of Large 
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Numbers therefore implies that the 
atomic unit of time is variable relative to 
the gravitational (or mechanical) unit. 
Atomic clocks do not keep uniform time 
measured by gravitational clocks (for ex¬ 
ample, an idealized binary star) and vice 
versa. 

Wesson’s book discusses Dirac’s theory 
and several other speculative cosmological 
theories, with geophysical and other ob¬ 
servational data that may be relevant. 
The discussion of cosmological theories is 
too fragmentary and disorganized to be 
understood by nonspecialists and too su¬ 
perficial and uncritical to be interesting 
to specialists. The discussion of observa¬ 
tional data is even worse. 

For example, the author writes: “Van 
Flandern’s result [that there is a signifi¬ 
cant nontidal contribution to the rate of 
decrease of the moon’s period] as it stands 
would seem to be valid and is clearly of 
great significance.” In fact the result cited 
in the book is inconsistent not only with 
the more reliable radar observations of 
Irwin Shapiro and his colleagues but also 
with van Flandern’s own subsequent 
measurements. The book’s most use¬ 
ful—-indeed, I’m sorry to say, only use¬ 
ful-feature is its long list of refer¬ 
ences,— David Layzer, Astronomy, Har¬ 
vard University 


Problems in the Foundations of 
Physics. G. Toraldo di Francia, ed. 
Proc. Internat. School of Physics “En¬ 
rico Fermi,” Course 72, 497 pp. Am¬ 
sterdam: North-Holland, 1979. 
887.75. 

The twelve papers in this collection are 
intended for persons with an interest and 
background in the foundations of physics 
and philosophy of science. Of the six es¬ 
says on the foundations of quantum 
theory (QT), four are comprehensive: 
Beltrametti and Cassinelli compare the 
characteristics of states and propositions 
in various algebraic approaches to QT; 
Bub presents the projection postulate as 
a generalization of conditional probability 
to non-Boolean structures of properties 
and examines implications for the inter¬ 
pretation of “state” in QT; Dalla Chiara 
and Toraldo di Francia provide a “formal 
analysis of physical theories” that (among 
other things) incorporates a modal in¬ 
terpretation of quantum logic; Mittel- 
staedt explains his “dialogue-game” ap¬ 
proach to quantum logic. The remaining 
two address more detailed issues: Cassi¬ 
nelli and Truini discuss the conditional 
probabilities determined by a previously 
proposed generalization of probability for 
abstract (not necessarily Boolean) struc¬ 
tures of random variables, and Piron 
presents a previously sketched account of 
particle (Galilean or Lorentzian) quanti¬ 
zation. 

Other areas are not represented by such 
quantity, but receive treatments of com¬ 


parably high quality, In his contribution, 
van Fraassen uses a variety of technical 
results in probability theory to give a re¬ 
vealing analysis of interpretations of 
probability and support his own “modal 
frequency” interpretation. Prigogine and 
Grecos offer a comprehensive introduc¬ 
tion to a theory of irreversible processes 
based on a notion of nonequilibrium en¬ 
tropy. An entertaining and suggestive 
analysis of “time" is provided by Wheeler, 
centering on his theory of "super space" 
(a generalization of general relativity). 

The papers by Bub, Dalla Chiara and 
Toraldo di Francia, Cassinelli and Truini, 
and van Fraassen contain new material 
that will elicit professional scrutiny and 
debate. The others also go beyond earlier 
work, but their primary—and not in¬ 
considerable-value lies in the clarity and 
(in most cases) comprehensiveness of 
their synthesis.— Linda Wessels, History 
and Philosophy of Science, Indiana 
University 


Vacuum Physics and Technology. G. L. 

Weissler and R. W. Carlson, eds. 

Methods of Experimental Physics, 14. 

593 pp. Academic Press, 1979. $55. 

The vacuum technology that emerged 
from the purely scientific environment of 
the research laboratory has been experi¬ 
encing a unique evolution. This develop¬ 
ment involves an explosive expansion into 
such industrial applications as manufac¬ 
turing processes and large-scale research 
facilities—high-energy particle acceler¬ 
ators, fusion research facilities, and space 
environment research equipment. Both 
fields create stringent requirements re¬ 
lated to microscopic surface phenomena, 
and in return vacuum technology has 
stimulated unusual engineering devel¬ 
opment and a revival of surface science 
research over the last twenty years. 

There are, however, some imbalances 
in the degree of sophistication in vacuum 
physics employed by different groups, 
even in the same research laboratory. This 
may be due mainly to the fact that we 
have been in an era of both inflation and 
restriction in research funding, and par¬ 
tially to the laziness of the less sophisti¬ 
cated researchers in the field, 

The editors of this volume have suc¬ 
ceeded in organizing the different con¬ 
tributions of specialists, in offering a di¬ 
versity of outlook that stimulates the 
reader, and in providing the individual 
experimentalist with a variety of useful 
opinions and with all the up-to-date in¬ 
formation in this vast field that can be 
applied to his unique requirements. 

This book can be strongly recom¬ 
mended as an everyday bible to refresh 
the understanding and to guide the 
judgments of those interested in vacuum 
physics phenomena.— K. Sato, Wright 
Nuclear Structure Laboratory, Physics, 
Yale University 
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A Source Book in Astronomy and As¬ 
trophysics, 1900-1975. Kenneth R. 

Lang and Owen Gingerich, eds. Source 

Books in the History of the Sciences. 

922 pp. Harvard University Press, 1979. 

$50. 

This volume represents the third in the 
series of Source Books in Astronomy. 
(The earlier volumes, which were edited 
by Harlow Shapley, covered the periods 
1900-25 and 1900-50.) This book super¬ 
sedes the previous Source Books and of- 
fers the most satisfying historical over¬ 
view of the development of 20th-century 
astronomy and astrophysics that I have 
seen. 

The earlier Source Books in Astronomy 
tended to rely upon review articles. This 
volume has instead tried to capture the 
flavor of research in astronomy by re¬ 
printing edited selections from 132 papers 
that have strongly influenced the field. 
The editors introduce each selection with 
a brief historical note placing the article 
in the context of the development of 
modern astronomy. These prefatory re¬ 
marks, collected by Lang and Gingerich, 
provide an entertaining history of as¬ 
tronomy in this century. Combined with 
the original sources and an excellent 
index, they make this Source Book a very 
good historical review of the subject. 

It is difficult to define the level of this 
book. While many of the selections will be 
inaccessible to the general reader, others, 
such as Hale’s article calling for a 200-inch 
telescope, were originally directed to a 
popular audience. Because of this range, 
it is possible to argue with editorial deci¬ 
sions to include or exclude individual se¬ 
lections. For example, I noted a tendency 
by the editors to favor articles that have 
had more time to be recognized as classics; 
thus the period from 1960 to 1975 may be 
somewhat underrepresented. Nonethe¬ 
less, within the restrictions imposed on 
the size of the book (it is already over 900 
pages!), it is rather specious to criticize the 
editors for not including some personal 
favorite.— James Smith, Yale University 
Observatory 


Quantitative Analysis of Organic 

Mixtures, Part 1: General Principles. 

T, S. Ma and Robert E. Lang. 366 pp. 

Wiley-Interscience, 1979. $23,50. 

Most organic chemists are concerned 
with sample purity and, in the not un¬ 
common event that the sample is impure, 
they must face the problem of purifica¬ 
tion. This process vyill often involve the 
identification of the components of the 
mixture and their separation and analysis. 
Thus any text that addresses the quanti¬ 
tative analysis of organic mixtures is po¬ 
tentially of much interest and value. This 
book is part of a two-volume work dealing 
with the analysis of mixtures and impure 
samples. Part 1, “General Principles," is 
intended “as a textbook for advanced 
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students, a guidebook in analytical labo¬ 
ratories, and a reference volume for the 
research organic chemist who wishes to 
determine the constituents of an organic 
mixture.” 

It is pertinent first to put into context 
the meaning of the term “principles” as 
applied here. It would seem fair to state 
that these are not theoretical principles; 
the book is devoid of any formulated or¬ 
ganic reactions, equations, and structural 
representations of organic compounds. 
There are virtually no formulas given for 
organic compounds other than simple 
reagents. Hence a general organic text 
would seem to be prerequisite as a com¬ 
panion to this book for most practi¬ 
tioners. 

However, the book does contain a very 
large amount of factual material. The 
authors have put together a remarkable 
collection of facts relating to the analysis 
of numerous simple compounds and 
mixtures, and have carefully outlined the 
problems that the practicing analyst 
might face, particularly in the case of 
mixtures containing interfering sub¬ 
stances. The volume is thoroughly docu¬ 
mented—there are in fact slightly over 
3,000 references cited at the ends of the 
seven chapters comprising the book, 
which require 92 pages of text. The author 
index extends over 51 pages, but the 
subject index is only four pages long.. 

The first chapter contains an intro¬ 
duction to problems in the analysis of 
organic mixtures, and the second dis¬ 
cusses sample preparation and selection 
of the analytical method. The third and 
fourth chapters deal with the determi¬ 
nation of several components in a mix¬ 
ture, with and without separation. The 
last three chapters are devoted to the 
separation of acidic, basic, and neutral 
substances. All are liberally provided with 
tables, in which a large amount of care¬ 
fully documented materal is presented in 
a clear fashion. The application of a va¬ 
riety of analytical methods, both “wet” 
and instrumental, is described, with em¬ 
phasis on compounds of biological and 
pharmaceutical importance. This subject 
is also stressed in Part 2 of the work.— E, 
Buncel, Chemistry, Queen’s University, 
Kingston, Ontario 


Earth Sciences 

Volcanic Activity and Human Ecology. 
Payson D. Sheets and Donald K. 
Grayson, eds. 644 pp. Academic Press, 
1979. $49.50. 

When the threat of volcanic eruption 
has disturbed the daily routine of a city or 
rural area, little information has been 
available to public officials on how to 
react to the situation. In addition to po¬ 
tential damage and injury by pyroclastic 


flows and mudflows, the worst case, in¬ 
habitants’ concerns range from room 
collapse under ash falls to fluorosis in 
livestock. 

These and many other problems are 
addressed in this comprehensive volume 
whose purpose is to determine the effects 
of volcanic activity on humans, plants, 
animals, and the environment in general 
and, specifically, to clarify the nature of 
human response to threatened or actual 
volcanism. The well-edited collection of 
papers includes discussions of basic vol¬ 
canology, volcanic hazard analysis, eco¬ 
logical and sociological impact of con¬ 
temporary eruptions, and many ar¬ 
chaeological studies, Of particular interest 
are several papers on the impact of the 
1943-51 eruption of Paricutin Volcano on 
the environment and human population. 
Most geologists are familiar with this 
eruption from basic geology texts. A sur¬ 
prising conclusion by many of the authors 
is that, in most cases, there is little panic 
in the face of an eruption; people are in¬ 
clined to take these events in stride and do 
what is necessary to minimize damage to 
life and property. 

This volume will be of considerable 
interest to geologists, sociologists, bota¬ 
nists, archaeologists, and anyone inter¬ 
ested in the complex environmental ef¬ 
fects of volcanic eruptions, It should be 
required reading for public officials in 
charge of diaster planning in regions with 
some volcanic hazard.— Grant Heiken, 
Geosciences Division, Los Alamos Sci¬ 
entific Laboratory 


Marine Sources of Energy, Jacques 
Constans. Policy Studies on Energy 
and Environment. 169 pp, Pergamon 
Press, 1979. $15. 

In the unavoidable shift toward re¬ 
newable energy resources, the situation in 
the marine column is particularly fluid. 
This book is an attempt “to record [the 
latest] developments.,. evaluate.., the 
state of the art and disseminate this in¬ 
formation" to decision makers every¬ 
where, It focuses on the energy needs of 
developing countries and on United Na¬ 
tions programs. 

The author implies that marine forms 
of energy are especially suitable for Third 
World countries because of the proximity 
and decentralized nature of these re¬ 
sources. He stresses the slight environ¬ 
mental impact of their use, and repeatedly 
recommends further research. It is not 
clear, however, that marine options can be 
considered to be technologically appro¬ 
priate to local needs and control; they are 
massive and largely untried, and high 
cost/benefit projections deter funding, 
even in affluent countries, Rather than 
reinventing the wheel, as is so often done 
in government-sponsored research and 
development, I would place much greater 
reliance on private industry and empha¬ 


size land sources of renewable energy. 

The book addresses the oceanic options 
unevenly, suggesting a feasibility ranking 
not borne out by experience, Terrestrial 
solar ponds are discussed, but sailships 
are not mentioned in the wind chapter 
(they may save 15 times more oil than 
ocean thermal energy conversion may). 
Some basic data are not current, and the 
important energy-payback times of con¬ 
verters are not examined, While I fully 
agree with the programmatic conclusions 
for energy development in Third World 
countries, the author has not made a 
convincing case for the inclusion of ma¬ 
rine sources— Walter R. Schmitt, 
Scripps Institution of Oceanography, La 
Jolla, CA 


Quantitative Seismology: Theory and 

Methods, Vols. 1 & 2. Keiiti Aki and 

Paul G. Richards. 932 pp, W. H, Free¬ 
man, 1980, $35 each. 

Over the past twenty years, two devel¬ 
opments have revolutionized earthquake 
seismology: the implementation of the 
World-Wide Standard Seismograph 
Network has made possible the system¬ 
atic gathering of homogeneous high- 
quality data; and the direct observation 
of the Earth’s normal modes following the 
1960 Chilean and the 1964 Alaskan 
earthquakes has opened up the area of 
ultra-long-period seismology. Most text¬ 
books written before 1960 have thus be¬ 
come obsolete, and even subsequent edi¬ 
tions have failed to catch up with such 
breakthroughs as seismogram synthesis 
or the application of inversion theory to 
geophysics. 

In what will undoubtedly become the 
standard textbook in seismology for many 
years, the authors, who have both had 
profound personal impact on various and 
indeed complementary areas of seismol¬ 
ogy, have managed to fill this gap by or¬ 
ganizing and rationalizing developments 
in seismology spanning 20 years and 
thousands of papers. Their streamlined 
and unified presentation is one of the 
strengths of the book. 

Volume 1, more specifically devoted to 
theory, contains models of seismic sources 
and concepts in wave propagation, in¬ 
cluding thorough discussions of body and 
surface wave as well as normal mode 
methods. Volume 2 deals with methods 
and fully discusses the mathematical basis 
of a wealth of techniques, ranging from 
FFT to Backus and Gilbert’s generalized 
inverse. It also includes two chapters on 
source kinematics and dynamics, pre¬ 
senting up-to-date results in crack theory. 
My favorite sections are the introduction 
of Rayleigh waves as a P-S inhomo¬ 
geneous system (to my knowledge, the 
first such attempt in a text) and the whole 
chapter on Lamb’s problem. 

Great care has been given to the pol¬ 
ishing of the book; each chapter proposes 
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several problems, and fundamental points 
are “boxed” for easy reference. An 
amazing “glossary of waves" is a welcome 
appendix to Volume 1. The publishers 
have provided an impeccable and attrac¬ 
tive typeface and have managed to keep 
the price of the two-volume set moderate 
by today’s standards. As a graduate stu¬ 
dent in the mid-seventies, I greatly missed 
such a book. As a teacher and scientist, I 
can only rejoice that it has become avail¬ 
able to my students and myself .—Emile 
A. Okal, Geology and Geophysics, Yale 
University 


Obstacles to Mineral Development: A 

Pragmatic View, John S. Carman. 

Bension Varon, ed, Policy Studies, 18. 

178 pp. Pergamon Press, 1979. 

$17.50, 

The gap between industrialized and 
developing nations widens inexorably, 
and one of its many manifestations is the 
disproportionately large expenditure on 
the search for minerals in the United 
States, Canada, Australia, and South 
Africa compared with that elsewhere- 
“the exploration gap.” This short volume 
of essays written between 1965 and 1978 
examines this dilemma from a variety of 
practical standpoints. 

Topics addressed include: the Third 
World’s shortage of funds for mineral 
exploration; the practicalities, pitfalls, 
and potential of public-sector aid for 
mineral exploration in developing 
countries; the past exploration record of 
the United Nations Development Pro¬ 
gram, and possible future roles for the 
World Bank and the newly instituted 
United Nations Revolving Fund for 
Natural Resources Exploration; and an 
uncomplicated analysis of mining taxa¬ 
tion, with Canada cited as a salutary re¬ 
minder of inherent dangers. Particularly 
stimulating is a pithy rebuttal of some of 
the basic tenets set forth by the Club of 
Rome in The Limits to Growth, 

Although the essays reflect Carman’s 
long and distinguished association with 
the United Nations, they air many of the 
crucial issues confronting all those cur¬ 
rently involved in mineral exploration and 
raining. The presentation strikes a nice 
balance between the extreme interests of 
Third World governments and interna¬ 
tional mining companies, and advocates 
an evenhanded philosophy for both to 
consider, 

Carman’s style, only mildly influenced 
by Bension Varon’s expert editing, is 
straightforward, appealing, and fre¬ 
quently witty; and even turgid topics like 
mining taxation are rendered readable for 
the nonexpert. The volume is highly rec¬ 
ommended for participants in all aspects 
of resource development and in particular 
for the mineral-exploration and mining 
fraternity in both developing and indus¬ 
trial nations .—Richard H. Sillitoe, Con¬ 
sulting Economic Geologist, London 


The Encyclopedia of Paleontology. 

Rhodes W. Pairbridge and David Ja- 
blonski, eds. Encyclopedia of Earth 
Sciences, 7. 886 pp. Academic Press, 
1979, $90. 

No cleancut college student will appear 
at your door to sell this encyclopedia 
volume! Fairbridge and Jablonski con¬ 
tinue the Encyclopedia of Earth Sciences 
series with a broadly comprehensive vol¬ 
ume treating most conceivable aspects of 
paleontology and related subjects. Topics 
ranging from “Acritarchs” to “Zooxan- 
thellae" are authoritatively discussed by 
122 authors notable for their expertise 
and research experience, The results are 
impressive; one can literally thumb 
through the volume and learn new things 
much in the way that children pick up 
new concepts and broaden their horizons 
with the traditional family encyclo¬ 
pedia. 

As might be expected, the treatment 
even of similar subjects is very uneven: 
some authors discuss taxonomic groups 
with considerable attention to morphol¬ 
ogy, whereas others completely ignore it 
and emphasize changes in taxonomic di¬ 
versity over time. Some works are very 
much up to date, while others are too 
idiosyncratic or are too out of touch with 
current research to be of much utility. 
Although there are entries for “numerical 
taxonomy,’’ “diversity,” “diagenesis,” and 
so on, an emphasis on theory, quantitative 
techniques, and chemistry is sadly lack¬ 
ing. This is a pity, for one of paleontolo¬ 
gy’s perhaps painful advances has been in 
the acknowledgement of the need for 
mathematical and physicochemical ap¬ 
proaches. 

With these reservations, I found the 
volume to be useful and would recom¬ 
mend it to those with an idle hour or to 
those who can afford to keep the vplume 
on their desks for occasional refer¬ 
ence.— Jeffrey S, Leuinton, Ecology and 
Evolution, SUNY-Stony Brook 


Rockslidos and Avalanches, 2: Engi¬ 
neering Sites, Barry Voight, ed. De¬ 
velopments in Geotechnical Engineer¬ 
ing, 14B, 850 pp. Elsevier, 1979. $117. 

The first of the two volumes of Rock- 
slides and Avalanches covered major 
natural historical events in the Western 
Hemisphere, The second begins with an 
introduction to basic physical principles 
and perspectives in civil and mining op¬ 
erations. A section on slides near canals, 
lakes, reservoirs, and fjords includes 
considerations of the Gaillard Cut of the 
Panama Canal, power projects in Mexico, 
the Bighorn Reservoir and other slope 
failures in Montana, a rock avalanche that 
destroyed a mining camp on a lakeshore 
at Chungar in Peru, and predictive mod¬ 
els of landslide-generated water waves. 
Succeeding chapters on slope excavations 
for transportation routes use as case 


histories the Paracti rockslide in Bolivia, 
landslides involving several different 
materials in Brazil, slope stability in the 
Appalachian Plateau, the Loveland Basin 
slide above the east plaza for the Eisen¬ 
hower Memorial Tunnel in Colorado, and 
two slope failures in Canada. A final sec¬ 
tion on open pit mine slopes—the Chu- 
quicamata pit in Chile and others in Ari¬ 
zona, Wyoming, and Ontario—contains 
chapters on acoustic emission techniques 
and simulating pit slopes by the finite 
element method. 

The reasons for slope instability as an 
environmental hazard can generally be 
recognized after the event, if not before. 
Thus, rocks had been falling for a year 
before the Chungar disaster, the Loveland 
Basin landslide occurred during con¬ 
struction near a tunnel entrance, and 
slope movements at Chuquicamata were 
initiated by an earthquake that yielded 
data for conjecture about a subsequent 
collapse. Bedding or joint planes and clay 
shales are commonly to blame, especially 
when the hydrostatic pressure changes. 
Remedial actions, such as slope stabili¬ 
zation with rock anchors at the Tuan 
Buttes pit in Arizona, are described. One 
problem noted is that in some cases—for 
instance the Libby Dam-Lake Koocannsa 
wedge rockslides—no prior geotechnical 
data sources completely summarize the 
issues. This volume fills that need. It has 
an index to the numerous references in 
both volumes and a subject index that is 
unusually detailed and well arranged, as 
is the entire work Oswald C. Farijuliar, 
Geology, University of Massachusetts 


Petroleum Geochemistry and Geology. 

John M. Hunt. 617 pp. W. H. Freeman, 

1979. $30. 

Petroleum was known and used in an¬ 
tiquity, and it may be only a slight exag¬ 
geration to say that man has been inter- j 
ested in where and how it forms ever jj 
since. In recent years a better under- ; 
standing of this process has come from \ 
research in petroleum geochemistry-a F 
highly interdisciplinary area of science u 
that applies chemical and geological U 
principles to the study of the origin, mi- ; 
gration, and alteration of petroleum. Jolm f. 
Hunt, a former oil company researcher U 
now at Woods Hole, has played a key role U 
in the development of this field. 

This excellent book was written pri- \ 
marily for students and oil company 
personnel interested in the application of • 
geochemistry to petroleum exploration, % 
It describes the source material and 
composition of petroleum, its habitat, and £ 
how oil and gas form and move in the 
earth. An applications section shows how 
this information can be integrated with 
geology and geophysics to aid in the ; 
search for petroleum. 

The book is well written and the subject \ 
matter is presented in a clear and inter- f. 
esting manner, The text is greatly en- | 


hanced by chapter summaries, many il¬ 
lustrations, extensive literature refer¬ 
ences, and a detailed index. Some minor 
awkwardness in organization results from 
the quantity and diversity of material that 
must be (and is) encompassed in the 
book. 

An equally outstanding book by Tissot 
and Welte, Petroleum Formation and 
Occurrence (Springer-Verlag, 1978), 
covers much of the same subject matter. 
Of the two, I feel that Hunt’s book may be 
the more readable and better suited for its 
intended audience. It should be a valuable 
addition to the library of every petroleum 
geologist .—Theodore P. Goldstein, Mobil 
Research and Development Corporation, 
Princeton, NJ 


Life Sciences 

Cancer Markers: Diagnostic and De¬ 
velopmental Significance. Stewart Sell, 
ed. Contemporary Biomedicine. 541 pp, 
Clifton, NJ: Humana Press, 1980. 
$49.50. 

This book is the latest and in some ways 
the most inclusive example of that recent 
genre, the survey of macromolecules 
thought to be associated with neoplasms 
in one way or another. It may be the first 
not derived from a conference. This genre 
has old but undistinguished roots in the 
transient literature on new tests for can¬ 
cer. A pragmatic but rarely emphasized 
basis is the scientific need for objective 
criteria of neoplasia to supplement the 
subjective one upon which we are still 
utterly dependent—the visual recognition 
of neoplasia by an expert cell morpholo¬ 
gist using a microscope. The sheer diver¬ 
sity of neoplasms has balked the evolution 
of general distinctions, because some 100 
quite different-appearing normal cell 
types can each undergo a series of graded 
changes in neoplasia, in addition to the 
usual variety of nonneoplastic pathologic 
alterations. With chemical help one gen¬ 
eral nature of these changes is now being 
associated with loss of cell maturity. 

About ten years ago two general ideas 
began to redirect work in this area. It was 
appreciated, first by biochemists, that the 
substances of cancer cells were only the 
normal ones in abnormal proportions. 
The illusory search for some special sub¬ 
stance characteristic of cancers abated, 
somewhat, in favor of studies on the reg¬ 
ulation of cell composition. Independent 
confirmations of this generalization are 
still being recorded in the present book: 
e.g. "Each time we discover a new cate¬ 
gory of antigen that we feel may be 
tumor-associated or tumor-specific we 
find that these antigen^are present on 
normal tissues as well.” 

The second generalization was born of 
the first,because it was often only normal 


immature tissues that also manifested a 
substance first found in cancers. This 
principle is heralded here by use of some 
variant of “oncofetal” or “oncodevelop- 
mental” neologisms. The composition of 
cancers, both qualitatively and quanti¬ 
tatively, does resemble that of the cognate 
immature tissues sufficiently to provide 
some guidelines for study, Cancers are to 
some extent “caricatures of embryogen- 
esis,” or its reverse. 

Cancer Markers deals with, in 19 mul- 
tiauthored chapters (often in depth and 
with adequate references through 1978 for 
the use of laboratory scientists), a variety 
of substances including alphafetoprotein, 
carcinoembryonic antigen (CEA), iso¬ 
zymes, hormone products, tRNA nucle¬ 
osides, the monoclonal immunoglobulins 
of multiple myeloma, and a variety of 
other substances and immunological 
phenomena. Only one chapter contains a 
glossary of its acronyms, and those on the 
subjects wherein I most needed education 
bristle with gobbledygook. That 13 of the 
chapters deal primarily with immunology 
is simply because this science provides a 
good methodology to detect and measure 
specific substances, often glycoproteins. 
Not much encouragement is found here 
about possible tumor antigens that could 
be used to find and destroy cancer cells, 
Progress is recorded in finer classifica¬ 
tions of neoplastic cells and measures of 
the body burden Of such cells, both to 
guide treatments. Concepts are rarely 
tested or advanced. Such a detailed listing 
of so many substances in so many differ¬ 
ent cells exemplifies why further insight 
into the nature of cancer, beyond the 
simple principles set out above, will be 
hard won.—W, Eugene Knox, Biological 
Chemistry, Harvard Medical School 


Analytic Medicine, Vol. 1: Conventions. 

Graham Rabey. 75 pp, University Park 

Press, 1979, $14.95, 

Whatever one may say about this book, 
it is certainly not dull. It is beautifully 
produced with attractive text and ex¬ 
quisitely clear diagrams. Rabey, we are 
told, is a morphanalyst with experience in • 
maxillofacial surgery and an interest in 
mathematical philosophy; and from this 
unusual combination of attributes is 
bodied forth this strange, even idiosyn¬ 
cratic, volume. It must be a fascinating, 
but I expect exhausting, experience to 
hear him lecturing in full flight. He evi¬ 
dently lectures on anatomy to medical 
students, and the avowed object of this 
book is to provide them with an analytical 
approach to medicine. I am left wondering 
what secret source of medical students he 
may have; for in experience extending 
over seven medical schools I have never 
met a student equal to grappling with 
such a study. 

The book seems to me not one to be 
read but to be puzzled over. It does not, 
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like ordinary books, seem to have any 
beginning: one may open it at random and 
puzzle over it anywhere. The many di¬ 
agrams are without captions, and since 
they are unnumbered and the text rarely 
refers to them explicitly, it is often a 
matter of surmise as to what they illus¬ 
trate. The text is bespattered with su¬ 
perscript numbers that one is tempted to 
suppose are references, but a patient 
search has failed to disclose any inter¬ 
pretative key to which they correspond. 
(Surely the key cannot be an otherwise 
featureless dot on an adjacent diagram 
bearing the same number?) The early text 
is full of definitions that do not define. To 
say that a sign is a concept conveys noth¬ 
ing to me, Far too much use is made of 
purely typographical devices (quotation 
marks, bold face, italic font) to circum¬ 
vent problems of coherent exposition. 

But my greatest difficulty is frankly to 
determine what the book is about. The 
method is so nondidactic, the thrust so 
ill-directed, the style so elliptical, the ex¬ 
position so indirect, the order so arbitrary, 
that I cannot imagine how even a very 
patient student could work through it 
with massive help from some instructor 
who had been let into the secret. I am al¬ 
most left with the impression that the 
reader’s main task is to find out what the 
question is and that the answer is (some¬ 
how) contained in the diagrams. Perhaps 
the burden of my critique is that I am 
simply too puzzled to express anything 



460 American Scientist, Volume 68 


1980 July-August 451 







but my own puzzlement.— Edmond A. 
Murphy, Medicine, Johns Hopkins 
University School of Medicine 


Introductory Concepts in Develop¬ 
mental Biology. A. Monroy and A. A. 

Moscona. 252 pp. University of Chicago 

Press, 1979. $16. 

The aim of this book, which grew out of 
a series of lectures given by the authors in 
a developmental biology course at the 
University of Chicago, is not to survey all 
of this burgeoning field but to introduce 
specific areas to the interested beginner 
as well as to serve as a guide for the expe¬ 
rienced. The authors have concentrated 
on the areas corresponding to their own 
interests—the molecular approaches to 
understanding the structure of the egg 
and early embryo, and the analysis of 
tissue integration, The book’s eight essays 
on some of the most interesting topics in 
current developmental biology are ex¬ 
cellently written and provide a superb 
example of current thinking in the areas 
treated. 

Unfortunately, since the book was 
probably organized around 1977 (the date 
of the most recent references), it cannot 
serve as an up-to-date introduction. 
Nevertheless as a clear and insightful 
presentation of specific areas of research 
and of the best speculations on the sig¬ 
nificance of current viewpoints, this is 
clearly a useful book in the growing li¬ 
brary of texts concerned with develop¬ 
ment.— Anthony P. Mahowald, Biology, 
Indiana University 


Ultrastructural Pathology, Vol. 1, No. 
1 (January-March 1980). Jan Vincents 
Johannessen, ed. 156 pp. McGraw- 
Hill/Hemisphere. $96 quarterly sub¬ 
scription. 

Atlas of Ultrastructure: Ultrastructural 
Features in Pathology. C. Howard 
Tseng, ed. 400 pp. Appleton-Century- 
■■ Crofts, 1980. $26.50. 

With the incredible expansion of the 
biomedical literature in recent years, one 
must approach the establishment of a new 
journal with skepticism as to whether it 
will truly fulfill a need. The launching of 
Ultrastructural Pathology is an indica¬ 
tion of the maturation of diagnostic elec¬ 
tron microscopy and its wide utilization 
as a routine pathoanatomic technique. A 
further justification is the hope of conso¬ 
lidating the widely scattered literature in 
a more accessible form. The premier issue 
contains seven original articles and a 
section with case material previously 
presented at the 7th European Congress 
of Pathology. The contents of the articles 
and cases are both informative and well 
described, Unfortunately, the quality of 
the reproduction of the electron micro¬ 
graphs is not as good as one would hope 
for in a publication devoted to ultra¬ 


structure. The journal does, however, fill 
a gap and will be a valuable resource if the 
original articles continue to be critically 
reviewed and well selected, 

As a result of the increased application 
of electron microscopy to both diagnostic 
and investigative aspects of disease, at¬ 
lases of ultrastructural pathology are now 
being compiled. The present example, 
with 200 illustrations from biopsy and 
surgical specimens, has a reasonable 
spectrum of electron micrographs, which 
cover a wide variety of organ systems and 
disease entities, The illustrations are of 
large size and the quality of reproduction 
is adequate. The text accompanying each 
is brief and specifically highlights im¬ 
portant ultrastructural findings. This 
atlas should prove useful to students and 
postdoctoral fellows who are being intro¬ 
duced to ultrastructural pathology prob¬ 
lems,— Michael Kashgarian, Pathology, 
Yale University School of Medicine 


Geriatrics. A. N. Exton-Smith and P. W. 

Overstall, Guidelines in Medicine, 1. 

344 pp. University Park Press, 1979. 

$24.50. 

This excellent, concise overview of the 
field of geriatric medicine will be partic¬ 
ularly useful to the medical student and 
house officer. Reviewing differential di¬ 
agnosis within the context of the normal 
physiologic changes of aging, the authors 
effectively integrate current physiologic, 
biochemical, and neuropathologic studies 
of this population. The practicing physi¬ 
cian, too, will find this volume helpful in 
updating and expanding his knowledge 
regarding differential workup and modi¬ 
fication of therapeutic interventions and 
regimens for older patients.— Frances M. 
Baker, Geriatric Psychiatry, Yale Uni¬ 
versity School of Medicine 


Health in the City: Environmental and 
Behavioral Influences. Malcolm S. 
Weinstein. Habitat Texts, 92 pp. Per- 
gamon Press, 1980. $10, 

This book is an unusual compilation of 
interesting health data pertinent to cities. 
It combines the features of an easily 
readable text with the format of a basic 
public health textbook, The volume con¬ 
tains some elementary definitions as well 
as valuable information for workers in 
urban health,—Hons H. Neumann, Pre¬ 
ventive Medicine, Department of Health, 
New Haven, CT 


Anatomy of the Hypothalamus. Peter 
J, Morgane and Jaak Panksepp, eds. 
Handbook of the Hypothalamus, 1.726 
pp. Marcel Dekker, 1979, $145. 

Against the background of an inter¬ 
esting historical perspective, Morgane 


sets the tone for the entire handbook in 
the first chapter. His essential point, ex¬ 
pressed in a somewhat overdrawn man¬ 
ner, opposes the localization of hypotha¬ 
lamic “centers” which supposedly "me¬ 
diate” specific behaviors. Any functional 
consideration must regard the hypothal¬ 
amus as but one aspect of an interrelated 
neural axis that includes frontal, limbic, 
and reticular components. This prudent 
approach seems particularly justified in 
these times when our technological ad¬ 
vances so rapidly exceed our under* 
standing. 

The volume moves on to firm ground in 
the subsequent chapters dealing with 
issues such as developmental anatomy, 
cytoarchitectonics, and blood supply. 
These topics are covered at a level of de¬ 
tail that would normally be reserved for 
monographs in specialized journals. The 
text is accompanied by concise summary 
tables, excellent histological slides, de¬ 
tailed Golgi drawings, and striking an- 
giotopographic plates. These features add 
to the quality of the text, presenting a 
substantial amount of detailed material 
in a rather aesthetically impressive 
format. 

The remaining chapters range in qual¬ 
ity from good to excellent, with Palkovits 
and Zaborszky’s, on neural connections, 
standing out as a veritable tour de force. 

It provides a lucid discussion of the rele¬ 
vant neural systems while presenting a s 
critical summary of currently available |j 
anatomical methods and stressing the 
need for combining different techniques. 

In the final chapter, an excellent exposi¬ 
tion concerned with the neurophysiology 
and neuropharmacology of medial hypo¬ 
thalamic neurons, Renaud makes it 
abundantly clear that our understanding 
of these areas is just beginning. 

In a volume that purports to lay the 
foundation for a functional analysis of the 
hypothalamus, it is interesting that there 
is no discussion of the autoradiographic 
2-deoxyglucose technique for mapping 
functional brain activity. This curious 
void is an exception in an otherwise out¬ 
standing volume.— Ralph U. Esposito, 
Psychiatry, Boston University School of 
Medicine 


T and B Lymphocytes: Recognition and 
Function. Fritz H. Bach, Benjamin 
Bonavida, Ellen S. Vitetta, C. Fred Fox, 
eds. 709 pp. Academic Press, 1979. 
$36.50. 

Cellular immunology is moving so fast 
that even participants find it hard to keep 
abreast of the field. This timely volume 
contains the proceedings of a symposium 
held in early 1979. A large number of ex¬ 
perts presented their findings on the 
structure and function of lymphocytes, 
cellular interactions, tolerance, the role of 
macrophages, and virus-lymphocyte-host 
interactions. A section on “new tools" in 
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immunology included sessions on syn¬ 
thetic membranes, cloning of cells, and 
hybridomas. 

The essence of these presentations is 
given in 74 chapters, each of which is ei¬ 
ther a paper in itself or the report of a 
workshop. The material is well presented 
and is an up-to-date and authoritative 
summary of the subject. This is definitely 
a book for the specialist in cellular im¬ 
munology.— Henry N. Claman, Clinical 
Immunology, University of Colorado 
Health Sciences Center, Denver 


Current Topics in Developmental 
Biology, Vol. 13: Immunological Ap¬ 
proaches to Embryonic Development 
and Differentiation, Part 1. Martin 
Friedlander, ed. 346 pp. Academic 
Press, 1979. $34. 

The last ten years have witnessed the 
maturation of a new approach to devel¬ 
opmental biology using immunological 
and serological techniques to define cell 
surface molecules important in early de¬ 
termination and differentiation. This 
volume is a highly recommended com¬ 
pendium of reviews of these successes. 
The selection of papers is particularly 
balanced with respect to major areas such 
as the cell surface in early mammalian 
embryonic development, nonmammalian 
development, and the nervous system, 
each of which is covered by three different 
chapters. These multiple chapters on the 
same general topic assure the volume 
balanced and varied points of view. For 
the most part, these reviews are useful in 
being up to date on technical as well as 
intellectual advances. 

This volume provides an overview of 
the current and projected attack on the 
role of the cell surface in cellular interac¬ 
tions. The overall impression is that we 
are now leaving the phase of proving that 
the cell surface is important and can look 
forward to getting on with the business of 
demonstrating which molecules are es¬ 
sential, what their structure is, and the 
mechanisms by which they achieve dif¬ 
ferentiation.— Karen Artzt; Laboratory 
of Developmental Genetics, Sloan-Ket- 
tering Institute 


Non-Invasive Physiological Mea¬ 
surements, Vol. 1. Peter Rolfe, ed. 
Medical Physics Series. 349 pp. Aca¬ 
demic Press, 1979. £21. 

This first volume in a series is a good 
collection of fourteen separately authored 
chapters. Each presents a useful intro¬ 
duction for researchers, instrument de¬ 
signers, or clinicians through discussion 
of basic theory, measurement methodol¬ 
ogy, and clinical applicability. In general, 
the discussion of instrumentation follows 
the common fault of describing devices 
produced by a particular manufacturer. 


The areas covered include cardiodiag- 
nostics, electrical impedance measure¬ 
ments for quantifying skin disease and 
healing in vivo, pneumography and pe¬ 
ripheral blood flow, estimation of the 
nutrient skin blood flow, plethysmogra¬ 
phy for cutaneous and cerebral blood 
flow, blood pressure, phonocardiography, 
deep body temperature, evaporative 
water loss, and blood gas analysis. Each 
chapter has a useful bibliography.— 
George N. Webb, Biomedical Engineer¬ 
ing, Johns Hopkins University School of 
Medicine 


Toward a New Definition of Health: 

Psychosocial Dimensions. Paul I. 

Ahmed and George V. Coelho, eds. 470 

pp. Plenum, 1979. $25. 

The purpose of this collaborative 
monograph by 25 authors is to present an 
overview of health planning and practice 
in the United States, with the idea that 
these systems can and should apply to 
diverse populations and cultures 
throughout the world. The book’s five 
parts deal with dimensions of health and 
illness, psychosocial factors in disease, 
health needs of special groups, method¬ 
ology for health analysis, and implications 
for practitioners and policy planners. 

Each of these sections is succinctly 
summarized in a lucid introduction that 
allows the reader to be selective about 
ensuing chapters, A chapter entitled 
“Toward a More Caring Society,” by 
Rosalynn Carter, is a welcome, readable 
essay reflecting her warm understanding 
of the stigma of a “mental health label” 
and the need for change. 

Despite the varied styles, the book 
presents its material in a simple, clear 
fashion and is well edited for jargon, S ome 
of the chapters are even too simplistic. 
References at the ends of chapters are 
relevant and appropriate, and the Index 
is accurate and helpful. 

It should be added that the book could 
be understood at the secondary-school 
level and might even be considered elec¬ 
tive reading for that stage of intellectual 
development.— George L, Cohn, Psychi¬ 
atry and Medicine, Yale University 
School of Medicine 


Mathematical Models in the Health 
Sciences: A Computer-Aided Ap¬ 
proach. Eugene Ackerman and Lael 
Cranmer Gatewood. 357 pp. University 
of Minnesota Press, 1979, $23,50. 

This book was written as an introduc¬ 
tory graduate-level text for students in 
the Biometry and Health Information 
Systems program at the University of 
Minnesota. Following an introductory 
section consisting of one chapter, "Models 
and Goals,” are three major sections of 
four chapters each. They cover deter¬ 


ministic models, time series, and infor¬ 
mation and simulation. Almost every one 
of the chapters in these central sections is 
a brief introduction to a field of study that 
is served by many texts. The book ends 
with a short—and superfluous—summary 
section of one chapter. 

The exposition is introductory both in 
mathematical content and in the presen¬ 
tation of the biomedical context, and will 
serve senior-level and even some junior- 
level students interested in biomathe¬ 
matics and mathematical modeling. It will 
appeal to those interested in “how and 
where” to apply mathematical tools but 
probably not to mathematicians. Some 
readers will expect more and will be dis¬ 
appointed, but as an introductory survey 
the book achieves most of its goals and has 
a place on my bookshelves. There are few 
typographical errors and a few errors of 
substance. It is good but not outstand¬ 
ing.— John A, Jacquez, Physiology, 
Medical School and Biostatistics, School 
of Public Health, University of Mich¬ 
igan 


Plasma Proteips. Birger Blomback and 

Lars A. Hanson, eds, Trans. Desmond 

Hogg. 401 pp, Wiley-Interscience, 1979. 

$62. 

Waldenstrom, in his Introduction to 
this translation of a work originally pub¬ 
lished in 1976, kindly understates one of 
its problems with the comment that 
“some readers will find the content of the 
chapters somewhat unbalanced." One 
might have expected a book of this mod¬ 
est length to deal exclusively with plasma 
proteins, but it includes adventitious 
sections on microcirculation of blood, 
cellular immunological mechanisms, 
transplantation immunology, tumor im¬ 
munology, blood group serology, and the 
like. Some of these sections have an ex¬ 
ceedingly tenuous relevance to plasma 
proteins; others are so brief and general¬ 
ized that they do not provide even a rea¬ 
sonable overview of their subject. 

A general pool of references for each 
chapter is assembled at the end of the 
book, but specific references are wanting 
within most sections, Methodological 
descriptions, which comprise several 
sections, are adequate to indicate purpose 
but insufficient for application. Some 
important methods, such as electrofo- 
cusing, are not mentioned, The lack of 
immediate references is especially frus¬ 
trating in the technical sections and in 
those dealing with the clinical aspects of 
protein changes. 

Strong sections discuss clotting factors, 
which occupy approximately a quarter of 
the book, as well as albumin and the li¬ 
poproteins. Unfortunately, many other 
proteins are mentioned cursorily or not at 
all—Row'd Seligson and Alexander 
Baumgarten, Laboratory Medicine, 
Yale-New Haven Medical Center 
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Sciences de la Vie et Societe: Rapport 

presents a M. le President de la Repu- 

blique. P, Gros, F. Jacob, P. Royer. 288 

pp. Paris: Le Seuil, 1979.35 FF. 

At the end of 1978, French President 
Giscard d’Estaing asked three French 
scientists (among them a Nobel Laureate) 
to study the likely social consequences of 
discoveries in modern biology, to suggest 
the applications of biotechnology that 
would be most useful for human progress 
and happiness, and to propose specific 
ways of fostering those applications. The 
resulting report, delivered in November 
1979, is well worth reading by anyone in¬ 
terested in the impact of the life sciences 
on society. The scope is very wide, ranging 
from molecular biology to ecology. 

The longest of the five parts of the re¬ 
port concerns bioengineering technology, 
The authors discuss biochemical, genetic, 
and cellular techniques and examine ap¬ 
plications of these techniques in enzy¬ 
matic engineering, industrial microbiol¬ 
ogy, and bioconversion, as well as the 
prospects for genetic engineering. Of 
broad interest is the comparison of the 
situations in the U.S., Canada, and Japan 
with those in Germany, Great Britain, and 
particularly France. The authors argue for 
a much larger commitment to bioengi¬ 
neering from the French government and 
business. Suggestions for further research 
and recommendations for application 
programs—in areas ranging from nitrogen 
fixation to integrated control—are ad¬ 
vanced. 

Although intended as a report to the 
president of France, the book is more than 
that—an essay to be pondered by scien¬ 
tists and, of course, by politicians.— H. M. 
Andre, Animal Ecology, Catholic Uni- 
versity of Louvain, Belgium 


Plant Disease: An Advanced Treatise, 
Vol. 4: How Pathogens Induce Disease. 
James G. Horsfall and Ellis B, Cowling, 
eds. 466 pp, Academic Press, 1979, 
$42. 

Twenty-five authors have contributed 
to this treatise on how plant pathogens 
induce disease. No other current publi¬ 
cation deals as comprehensively with as 
many major aspects of the disease in¬ 
duction process. This volume comple¬ 
ments the others in the series, and, like 
them, will serve as a valuable reference for 
the student, teacher, and researcher in 
plant pathology. The need for compre¬ 
hensive texts such as this cannot be 
overstated, as plant pathology has become 
a field of many varied scientific speciali¬ 
ties. This point becomes evident when one 
considers that this volume must treat a 
variety, of disease-inducing agents, in¬ 
cluding fungi, bacteria, insects, myco¬ 
plasma, rickettsia, nematodes, parasitic 
seed plants, viruses, viroids, and air pol¬ 
lutants and other environmental factors. 


As in most disciplines, the wealth of in¬ 
formation now available in plant science 
exceeds what the student or teacher can 
comprehend. We therefore have become 
ever more dependent on reviews or com¬ 
pilations of information like this one. 

The challenge in developing and editing 
such a volume is to weave a thread of 
continuity through chapters written by 
authors of different backgrounds. Horsfall 
and Cowling have done an admirable job 
by beginning the volume with a series of 
theoretical and analytical chapters deal¬ 
ing with the evaluation and energetics of 
pathogens, predisposition phenomena, 
multiple pathogen interactions, and the 
penetration and colonization of hosts by 
pathogens. Once this groundwork is laid, 
subsequent chapters deal with the spe¬ 
cifics of how different pathogens induce 
disease and the effects of diseased plants 
and pathogens on livestock and man. 

Most authors not only present useful 
findings but also interject provocative 
comments that should stimulate the 
reader. While none of the chapters are 
highly detailed, sufficient reference ma¬ 
terial is provided as a guide to specific 
literature. The chapters are generally well 
written and frequently include references 
to chapters in this volume and in others. 
Comprehensive author and subject in¬ 
dexes enhance the accessibility of the 
book. The complete series will be a stan¬ 
dard and valuable reference for the plant 
scientist for many years.— William L. 
MacDonald, Plant Pathology and Agri¬ 
cultural Microbiology, West Virginia 
University, Morgantown, WV 


Plasmids. Paul Broda. 197 pp. W. H. 

Freeman, 1979. $18.50. 

The field of plasmid biology has un¬ 
dergone a period of incredible growth 
during the last twenty years. This book 
presents a concise and well-organized 
overview of this area of research, Partic¬ 
ular emphasis is placed on describing the 
replication and transfer of plasmid DNA, 
and a useful summary of current tech¬ 
niques for isolating and analyzing it is 
provided. Plasmid epidemiology is dis¬ 
cussed on a limited scale, The book con¬ 
tains an extensive bibliography of primary 
references. It should prove useful to 
workers in the field as well as to graduate 
students in molecular genetics,—Sidney 
R. Kushner, Molecular and Population 
Genetics, University of Georgia 


The Genesis of Diversity. Bryan Shor- 
rocks, 152 pp. University Park Press, 
1979. $9.95 paper. 

The purpose of this brief volume is to 
provide a text for first- or second-year 
undergraduates with no experience in 
population genetics. The author does an 



admirable job in presenting a wide variety 
of topics, including the Hardy-Weinberg 
principle, factors affecting gene fre¬ 
quency, fitness, polymorphism, quanti¬ 
tative inheritance, and speciation. In ad¬ 
dition, there are excellent treatments of 
topics such as adaptive landscapes, se¬ 
lection in heterogeneous environments, 
the effects of linkage and selection, elec¬ 
trophoresis, and the neutralist-selectio¬ 
nist dialogue in its current form, among 
others. The text is well written and the 
figures and illustrations are first-rate. 

The concise nature of the text makes it 
unsuitable for courses in population ge¬ 
netics or evolution. A number of more 
sophisticated texts are available. How¬ 
ever, it would benefit students in related 
subjects such as biology or ecology as 
supplementary reading. Because this is 
such a short book I expected a more re¬ 
cent treatment of the literature, so that 
students would be able to have access to 
current research. The bibliography has 
fewer than ten references since 1976,- 
Walter J, Tabachnick, Biology, Yale 
University 


Sea Microbes. John McNeill Sieburth. 

491 pp. Oxford University Press, 1979. 

$49.95. 

There is a great need for a good book on 
marine microbiology. Any book on the 
subject written today, however, would be 
heavily criticized by the more modem 
microbiologists—mainly because the 
amount of good literature from which to 
draw is limited. A good book in this area 
of oceanography would need to address 
itself to the types of organisms found and 
their relationship to the various parame¬ 
ters of the marine environment such as 
temperature (especially low temperature), 
hydrostatic presssure, and chemical 
components (the paucity of organic mat¬ 
ter and inorganic compounds such as ni¬ 
trogen, nitrite, nitrate, ammonia, hydro¬ 
gen, methane, dinitrogen oxide, and 
phosphate), as well as the processes cat¬ 
alyzed by the microorganisms in the en¬ 
vironment. It would also have to discuss 
the role of microorganisms in relation to 
other organisms and their function in the 
various trophic levels and in geochemical 
and chemical processes of the ocean, 

The book does not fulfill this descrip¬ 
tion, hut to write such a book would he a 
difficult task, As the author states in the 
Preface, a single-authored book dealing 
with as wide an area as marine micro¬ 
biology will naturally be flawed, 

The book is replete with terms (e.g. 
osmotrophic, anoxyphotobacteria, etc.) 
coined by the author, which have not been 
accepted (and probably will never be) by 
marine microbiologists or, biological 
oceanographers. The terms, unfortu¬ 
nately, are not defined, and they distract 
from a smooth reading. A glossary is not 
provided. In addition, the book reflects 


the author’s personal biases about what 
marine microbiology should be, and its 
approach to the subject is almost anti¬ 
quated. 

If you are attracted by the presentation 
of many beautiful photographs (light, 
phase, transmission, and electron micro¬ 
graphs) of microorganisms in the sea as 
well as by a naturalistic approach to ma¬ 
rine microbiology, then this is the book to 
choose. Documentation of the prokaryotic 
and microscopic eukaryotic cells in the sea 
is its most valuable aspect and makes the 
book an excellent reference source for 
many microbiologists. However, if you 
want to explore the dynamic processes 
catalyzed by microbes in relation to the 
biology, geology, and chemistry of the 
oceans, then this book is not the one to 
choose.— Richard Y. Morita, Microbiol¬ 
ogy and School of Oceanography, Oregon 
Slate University, Corvallis, OR 


Kinetics of Fast Enzyme Reactions: 

Theory and Practice. Keitaro Hiromi, 

346 pp. Halsted Press, 1979. $47.50. 

Professor Hiromi has established a 
school in Kyoto devoted to the develop¬ 
ment of kinetic techniques for the study 
of enzyme reactions. The investigations 
that he and his colleagues have carried out 
cover both the mechanisms of enzyme 
action and changes in protein structure. 
This volume enables a wider public to 
benefit from his enormous practical ex¬ 
perience in the design and use of equip¬ 
ment for the study of rapid reactions, both 
in the stopped-flow and relaxation field. 

Since the last few years have seen a 
large number of books on various aspects 
of enzymology, it is important to empha¬ 
size this volume’s special contribution. 
Here we find, in a relatively small, sin¬ 
gle-author monograph, sufficient infor¬ 
mation to help a novice design and test 
equipment for the performance of a wide 
range of rapid kinetic measurements. For 
such purposes the book will be widely 
appreciated by graduate students and 
research workers who wish to enter the 
field of modern enzymology and to ex¬ 
plore other aspects of reactions of mac¬ 
romolecules. 

In contrast to its great value as a prac¬ 
tical guide, the volume contributes little 
original material to our knowledge of en¬ 
zymes or the theory related to physical 
properties of large molecules and their 
reactions. The book is not recommended 
for students who have not yet begun 
practical research work. There are other 
volumes in which theoretical concepts 
about the interpretation of kinetic ex¬ 
periments are more clearly expressed, A 
rather indifferent index, exercises without 
answers,, and out-of-date tabulated in¬ 
formation are features which should be 
attended to in a revised edition. I should, 
however, emphasize that these criticisms 
in no way detract from my opinion that all 
involved in the detailed study of bio¬ 


chemical kinetics owe a great deal to 
Professor Hiromi, It is to be hoped that 
his book will help many more enzymolo- 
gists to use the valuable techniques he 
describes.— H. Gutfreund, Biochemistry, 
University of Bristol, England 


Zooplankton Community Analysis: 

Studies on a Tropical System, William 

M. Lewis, Jr. 163 pp. Springer-Verlag, 

1979. $24,80. 

Throughout the history of limnological 
research, tropical freshwater habitats 
have remained outside the scope of the 
rigorous quantitative investigations that 
have explored the characteristics of tem¬ 
perate lakes and ponds. Against this 
background, Lewis’s description of zoo¬ 
plankton community dynamics in Lake 
Lanao, Philippines, is both comprehen¬ 
sive and provocative; many assumptions 
and generalizations about tropical lakes 
are dispelled. His intent is commend¬ 
able—to integrate the somewhat forgot¬ 
ten trophic-dynamic approach of Linde- 
man with the more popular population 
and community approaches in order to 
provide a composite analysis of a tropical 
system. Based upon a well-designed 
sampling regime, his conclusions identify 
major control pathways influencing en¬ 
ergy flow through the ecosystem and af¬ 
fecting community structure. Unfortu¬ 
nately, Lewis’s description of population 
dynamics, upon which community con¬ 
clusions must rest, lacks meaningful 
species- or instar-specific natural history 
data. Details of demography, of individual 
life cycles, and of resultant life history 
patterns are obscured by extensive 
mathematically based correlation analy¬ 
ses, and it is difficult to understand how 
tropical populations differ biologically 
from temperate ones. 

The author’s careful investigation of 
the zooplankton community in Lake 
Lanao underlines the importance of ini¬ 
tiating similar studies in other tropical 
systems; we must be careful not to gen¬ 
eralize from this one extensive, but spe¬ 
cific, study. This short, concise book 
should be required reading for all lim- 
nologists and zooplankton ecologists, 
temperate and tropical, and will prove 
fascinating to all interested in how tropi¬ 
cal systems work.— Saran Twombly, 
Biology, Yale University 


Eleonora’s Falcon: Adaptations to Prey 
and Habitat in a Social Raptor. Hart- 
mut Walter. Wildlife Behavior and 
Ecology. 410 pp. University of Chicago 
Press, 1979. 

While attempting to migrate across the 
Mediterranean Sea and adjacent parts of 
the Atlantic Ocean each autumn, an es¬ 
timated 1.6 to 2 million small birds are 
killed by approximately 10,000 Eleonora’s 


falcons. Falco eleonorae, a highly spe¬ 
cialized predator that breeds on seacliffs 
and offshore islands in the Mediterranean 
region, has evolved a constellation of 
morphological, physiological, and be¬ 
havioral adaptations unique among rap¬ 
tors to take advantage of the seasonal 
passage of migrating birds as prey. Wal¬ 
ter’s discussion of these adaptations is 
based upon 12 years of research. 

Basically, Eleonora’s falcons have three 
unusual adaptations that warrant special 
attention: (1) they breed in late summer 
and early fall, later than any other 
Palearctic bird; (2) they lack the degree of 
sexual size dimorphism typical of bird¬ 
eating falcons; and (3) they are highly 
gregarious, breeding in colonies of up to 
500 pairs. 

Walter covers the life history and 
ecology of Eleonora’s falcons in detail, 
focusing on the breeding season. The un¬ 
usual timing of their breeding is shown to 
be an adaptation allowing the falcons to 
feed their young when the fall migra¬ 
tion—and consequently prey—is at its 
height. On the intriguing question of why 
there is no equivalent to Eleonora’s falcon 
preying on fall migrants crossing the Gulf 
of Mexico, the author concludes that 
prerequisites for this “feeding niche” are 
not present in the Caribbean region. The 
colonial breeding habits of Eleonora’s 
falcon are explained by the superabun¬ 
dant prey during migration and by the 
limited availability of nesting sites that 
allow the falcons to exploit migrants when 
most vulnerable over water. Walter’s 
conclusions on sexual size dimorphism in 
Eleonora’s falcons and raptors in general 
are inadequate; other current theories on 
the phenomenon are far more con¬ 
vincing. 

Although not easy reading, the volume 
is a stimulating account of the adapta¬ 
tions of a very unusual bird of prey.— 
Stanley A . Temple, Wildlife Ecology, 
University of Wisconsin 


Catalog of Hymenoptera in America 
North of Mexico, Vol, 1: Symphyta 
and Apocrita (Parasitica). $30. Vol. 2: 
Apocrita (Aculeata). $28. Vol. 3: In¬ 
dexes. $20. K. V. Krombein et al. 2735 
pp. Smithsonian Institution Press, 
1979. 

This is a new edition of a one-volume 
catalog published in 1951. The content is 
much expanded, including more complete 
lists of hosts, parasites, floral relation¬ 
ships, and the like, for 17,429 species of 
Hymenoptera. 

Catalogs like this are regularly found to 
provide a major impetus for further re¬ 
search on the organisms concerned, be¬ 
cause they greatly improve the access to 
a vast literature. The very existence of the 
catalog accelerates the studies that make 
it obsolete. The authors, with the aid of 
systems analysts and programmers in the 
Smithsonian, have therefore provided not 
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only a printed version but also a com¬ 
puter-stored version that can be regularly 
brought up to date, and which will be used 
both as a body of current, retrievable in¬ 
formation and to facilitate the setting-up 
of a revised printed version of the catalog 
when that is needed. The amount of 
planning that went into this enterprise 
must have been enormous, as was, of 
course, the work of gathering and veri¬ 
fying the data. It was, in various ways, a 
pioneer effort in biological cataloging. The 
authors are to be congratulated on having 
prepared a most useful tool, a job that 
often must have been boring and exas¬ 
perating in the extreme. 

One advantage of a computerized cat¬ 
alog is that new material can be added, 
not only from current literature but by 
recapture from the old literature. I rec¬ 
ommend the early addition of information 
on the numbers of records of species from 
various flowers. The floral lists in the 
current version occupy much space but 
mean little, for a single capture of a male 
bee resting on a flower has the same 
weight as repeated reports of females that 
may have been collecting pollen. The 
older literature rarely indicates what the 
bees were doing, but the number of re¬ 
ports, and, where known, the sexes of in¬ 
dividuals, would enormously enhance the 
value of floral lists.-—Charles D, Mi- 
chener y Entomology , University of 
Kansas 


Life Strategies, Human Evolution, 
Environmental Design: Toward a 
Biological Theory of Health. Valerius 
Geist, 495 pp. Springer-Verlag, 1979. 
$29.80, 

This text attempts to unite the fields of 
psychology, anthropology, medicine, and 
evolutionary biology to develop a holistic 
theory of human evolution, behavior, 
ecology, and health. A main theme relates 
nutrition to mental and physical health 
and describes its importance in human 
evolution and development. The author’s 
ambitious aim is an interdisciplinary 
synthesis leading toward a new predictive 
discipline, or, as he says, “a way of life that 
maximizes health,., within the construct 
of science,” that is, in a verifiable way. 

The title suggests Geist’s approach to 
his new synthesis. After a thorough trea¬ 
tise on how natural selection encourages 
organisms to adapt to their environments, 
many mechanisms of behavior are exam¬ 
ined in this context. For example, the 
author explains such seemingly diverse 
strategies as natural curiosity in the 
young, feeding patterns in sheep, and the 
tendency to maintain the status quo in 
modern society in terms of the forming, 
storing, and recalling of cognitive patterns 
in the central nervous system. 

The analysis of human evolution from 
the early prehominids to modern man is 
not confined to mere historical fact, but 


moves from the facts to an account of 
ramifications such as hairlessness, mo¬ 
nogamous pair bonds, music, laughter, 
dancing, and a myriad of other human 
characteristics. Geist uses paradigms de¬ 
rived from his interpretations of man’s 
evolutionary history to define health and 
to suggest an environment in which ideal 
physical and mental health—the maxi¬ 
mum phenotypic expression of genetic 
potential—could be realized. 

Although the reasoning seems thorough 
and persuasive, the argument encom¬ 
passes so many fields that it is difficult to 
criticize. Many conclusions are built on a 
minimum of fact and a maximum of 
speculation. Geist is often unnerving, even 
infuriating, and at times plainly wrong, 
yet he is always challenging, and his 
challenge should not go unanswered,— 
Jerry 0. Wolff, Biology, University of 
Virginia 


Parasites and Western Man. R. J, Do¬ 
naldson, ed. 220 pp. University Park 

Press, 1979. $17.50. 

This hook is intended to acquaint 
medical and veterinary practitioners with 
parasite diseases of man frequently en¬ 
countered in developed countries. It is a 
committee-type presentation consisting 
of nine chapters, each written by a con¬ 
tributor who is actively engaged in his 
area. An introductory chapter deals with 
general aspects of the host-parasite rela¬ 
tionship, while subsequent chapters dis¬ 
cuss insects, mites and ticks, lice, nema¬ 
todes, cestodes and trematodes, and 
protozoa, in that order. Chapters 8 and 9 
treat those parasites that are transmissi¬ 
ble from animals to man. 

The book is well organized, and the 
various chapters are generally well writ¬ 
ten, free from typographical errors, and 
adequately supported by bibliographic 
listings. The index is accurate. 

Unquestionably the most significant 
concept put forward in this book is the 
danger presented to human health by 
parasites which can infect both man and 
his domestic pet and food animals. If 
anything, the treatment of the subject of 
zoonoses in the last two chapters generally 
lacks depth and is not extensive 
enough.— William A. Summers, Micro¬ 
biology and Immunology, Indiana Uni¬ 
versity School of Medicine, Indianap¬ 
olis 


The Sinking Ark: A New Look at the 
Problem of Disappearing Species. 
Norman Myers, 307 pp. Pergamon 
Press, 1979. $9.95. 

As a reference source on the current 
status of our living world, this book will be 
useful for a broad audience, ranging from 
high school students to major decision¬ 
makers in corporations and in the public 
sector. The author adopts a wide-ranging 
approach, to the serious problem of dis¬ 


appearing species that is caused by the 
way humans prefer to live. He presents a 
most comprehensive collection of infor¬ 
mation and analyzes the contributing 
factors. He stresses the potential loss to 
mankind, the magnitude of which may 
never he known when a species is elimi¬ 
nated before it is studied. In many in¬ 
stances no published information is yet 
available on the consequences of recent 
large-scale developments, and the author 
relies on scientists in the field for factual 
information. 

Besides giving numerical values for the 
species that have disappeared, he dis¬ 
cusses their aesthetic values, their effect 
on ecological stability and diversity and 
on the genetic pool, as well as their prac¬ 
tical benefits for food, pharmaceuticals, 
and chemicals, He is not only concerned 
with the loss of large animals and plants 
but also with the effects of the disap¬ 
pearance of minor organisms, considering 
them from a political as well as a legal 
perspective. 

In Part 2, the author discusses man’s 
impact on moist tropical forests, detailing 
the peculiarities of those in the Amazon 
Basin, Southeast Asia, and tropical Africa. 
He also provides a good overview of the 
extent and type of exploitation in the 
forests of Brazil, Costa Rica, Indonesia, 
and Kenya. Ways of relieving some of the 
pressures through more efficient to, 
substitutes for tree products, plantation 
establishment in cutover areas, and 
agroforestry are briefly described. 

Part 3 explores strategies for the con- ; 
servation of species through the estab¬ 
lishment of parks and other protected 
areas, viewed in the legal and political 
framework on national, international, and 
global levels. Throughout the book the 
author refers to the importance of inter¬ 
national aid and conservation organiza¬ 
tions in preventing the continued disap¬ 
pearance of species. He feels that because 
this problem is of common interest to 
most nations and an unlikely source of 
political friction, it could help solve other 
international issues and promote the 
unity of mankind. 

Since the book will be of interest to 
nonbiologists as well as biologists, it would 
have been helpful if the author bad dis¬ 
cussed more fully the special problems of 
adaptation to changing environments of 
K-selected versus r-selected species. 

Myers presents a well-documented anti 
up-to-date report of the magnitude of 
species that are disappearing and offers 
well-thought-out approaches to amelio¬ 
rate the loss.— Francois Mergen, School 
of Forestry, Yale University | 


Chemical Zoology, Vol. 11: Mammalia. 
Marcel Plorkin and Bradley T. Scheer, 
eds. 341 pp. Academic Press, 1979. 
$46.50. , 

Volume 11, Mammalia, is the last of an 
impressive series edited by Florkin and 


Scheer. Beginning in 1967 with Protozoa, 
each volume of Chemical Zoology con¬ 
sisted of chapters written by experts on 
the systematics, morphology, and em¬ 
bryology pertinent to the phyla, followed 
by chapters on biochemistry, physiology, 
and metabolism pertinent to the phyla. 
For example, “General Characteristics of 
Craniata or Vertebrates” preceded "Os¬ 
motic and Ionic Regulations in Cyclos- 
tomes” (Volume 8). 

It is unfortunate that this experiment 
in interdisciplinary publishing will come 
to an end with an incomplete volume on 
mammals. However, the series stands, a 
monument to the state of knowledge and 
a source for identifying future research 
opportunities and active investigators. 
Judging from the affiliations of the ex¬ 
perts, it would appear that some phyla are 
popular abroad and others on the west or 
east coast of the United States—probably 
a correct indication of scientific liaisons 
and camaraderie!— H. Catherine W, 
Skinner, Surgery and Biology, Yale 
University 


Ecology and Environment 

The New York Summer Aerosol 
Study, 1976. Theo. J. Kneip and Mor¬ 
ton Lippmann, eds. Annals of the New 
York Academy of Sciences, 322.165 pp. 
NYAS, 1979. $30. 

In this era of fragmented science, it is 
refreshing to see what a group of scientists 
from a number of laboratories can do 
when they put their heads together and 
attack a single problem. The problem in 
this case was to “characterize the aerosol 
existing in New York City and the back¬ 
ground aerosol being transported to New 
York City.” The results, presented in a 
dozen papers, show that the whole can 
indeed be greater than the sum of its 
parts. 

A little bit of history is in order. Previ¬ 
ous studies in Southern California and in 
St. LouiB might not be applicable to New 
York, because the Southern California 
area with its complex topography is ex¬ 
posed to the strong marine influence of 
the Pacific, while St. Louis is downwind 
of a vast area of relatively low population 
density and industrialization. New York, 
on the other hand, is downwind of a 
heavily industrialized region. It has long 
been suspected, especially by anyone 
driving across the country in the summer 
time, that the East Coast suffers from the 
effects of pollutants generated in the in¬ 
dustrialized and urbanized Midwest. 

Nevertheless, the nation’s highest 
emission density of fossil-fuel-burning 
sources prevails in the New York City 
area. How much of the pollutant burden 
measured in New York comes from local 
sources, how much from the regions 
southwest of the cities, how much from 


the industrialized areas of Illinois, Indi¬ 
ana, and Ohio? 

From the discussion of these questions, 
a number of interesting conclusions 
emerged. The diurnal pattern of freshly 
generated aerosol particulates closely 
follows traffic patterns, suggesting that 
the automobile is their primary source 
during the summer. The sulfate compo¬ 
nent, on the other hand, appears to have 
been formed in air masses upwind of New 
York City, Oxidized hydrocarbons are 
probably generated by automobiles, in- 
cinerators, and photochemical oxidation 
in the immediate vicinity. The oxidized 
hydrocarbon fractions were found to be 
biologically active and may be of signifi¬ 
cance to human health, Particulates less 
then 0.1 micrometer in diameter are 
strongly related to automotive sources 
and highest during northerly wind activ¬ 
ity, while the visibility-reducing aerosol 
of smaller size is principally made up of an 
aged aerosol and associated with regional 
visibility-reducing stagnant air masses 
high in ozone, arriving with surface winds 
of southeast, southwest, and westerly di¬ 
rections, Approximately three-quarters 
of the sulfate and one-third of the total 
suspended particulates appear to have 
been transported into the New York City 
area from elsewhere. 

By implication, although it is not stated 
here, much of what appears downwind of 
New York comes from the city area. If 
there was ever any doubt, these studies 
should lay to rest forever the concepts of 
“airshed,” “air quality maintenance 
areas,” and even “air quality regions.” 
Unfortunately for the regulators, no one 
told the pollutants they were supposed to 
stay in the immediate vicinity of their 
origin. Although not the final word, these 
studies show what can be done even on a 
limited budget in a well-thought-out co¬ 
operative project.— William E. Reifsny- 
der, Forestry and Environmental Stud¬ 
ies, Yale University 


Water Resources Assessment: Meth¬ 
odology and Technology Sourcebook, 
Larry W. Canter, 529 pp. Ann Arbor 
Science, 1979.829.50. 

This book presents a partial evaluation 
of available methodologies and tech¬ 
nologies that are or might be used in en¬ 
vironmental impact assessment and a 
survey of the relevant literature. It rep¬ 
resents a study carried out by Canter in 
1978 for the U.S. Array Corps of Engi¬ 
neers Waterways Experiment Station as 
part of their extensive investigations for 
their Water Resources Assessment 
Methodology (WRAM). Literature has 
been selected from the period 1960-78, 
and every reference has been reviewed 
according to 12 criteria, each focusing on 
a particular aspect of assessment: inter¬ 
disciplinary team, assessment variables, 
baseline studies, impact identification, 


critical impacts, importance weighting, 
scaling or ranking, impact summarization, 
documentation, public participation, and 
conflict management and resolution. In 
all, 176 references are listed, summarized, 
and grouped by criteria. 

The author has done an exemplary job 
of gathering in one place a very diverse 
literature and of attempting to bring some 
order to it. The book will be a very valu¬ 
able reference for all professionals in¬ 
volved in environmental impact assess¬ 
ment with emphasis on water, giving 
enough information about each category 
and topic to indicate the scope of a prob¬ 
lem and provide direction for subsequent 
studies. The book will also be useful as a 
secondary source for classes. 

I felt, however, that Canter’s extensive 
and voluminous reviews of the literature 
indicate all too clearly how much more 
work must be done to establish a unified 
framework for environmental impact as¬ 
sessment. Nonetheless, his structure for 
presenting the literature and summary 
reviews will be most helpful to those 
working today on EIS matters as well as 
to those looking ahead to tomorrow— 
David H. Marks, Civil Engineering, 
MIT, 


The Hudson River Basin: Environ¬ 
mental Problems and Institutional 
Response. Ralph W. Richardson, Jr., 
and Gilbert Tauber, eds, Vol. 1,354 pp, 
Vol. 2,401 pp. Academic Press, 1979, 
$19.50 each. 

This summary of the work of the Hud¬ 
son Basin Project, a three-year study of 
environmental problems and institutional 
responses, admirably serves two purposes, 
It is, first of all, a wise and comprehensive 
statement and analysis of the environ¬ 
mental problems of a region. Environ¬ 
mental problems are defined broadly to 
include land use and human settlement, 
transportation, environmental services 
systems, energy systems, natural re¬ 
sources management, water resources, air 
resources, biological communities, human 
health, and leisure time and recreation, 
The region studied includes the tristate 
New York metropolitan region and the 
portion of its hinterlands within the 
Hudson River watershed (44 counties, 
25,000 square miles, population 20,5 
million), Environmental problems are 
stated briefly and clearly, and proposed 
methodologies for analyzing them are 
assessed. 

Second, it is a study of institutions re¬ 
sponsible for managing environmental 
problems, In a chapter on water resources, 
for example, the responsibilities and 
performances of legislatures and the 
agencies they create are discussed under 
the heading: “A Pathology of Current 
Institutional Performance.” The dis¬ 
couraging words of this section are fol¬ 
lowed by realistic suggestions for im- 
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proving institutional performance, with 
emphasis on possible roles for the public 
in decision-making processes. 

The two volumes thus serve the pur¬ 
pose of stating the problems and 
suggesting mechanisms for developing 
solutions. They will be of considerable 
interest to those living in the region 
studied, and will serve as important 
sources of information and guidance to 
anyone concerned with the same issues in 
other mas.—Charles A. Walker, Engi¬ 
neering and Applied Science, Yale Uni¬ 
versity 


Introduction to Environmental 

Science, Joseph M. Moran, Michael D, 

Morgan, James H. Wiersma. 658 pp. W. 

H, Freeman, 1980. $16.95. 

A first course in environmental science 
presents an unusual challenge in teaching. 
Before embarking on the simplest of en¬ 
vironmental problems the student must 
learn the fundamentals of population 
biology, evolution, geology, meteorology, 
physical oceanography, and political 
economy. Too often authors of environ¬ 
mental texts seek facile generalizations 
from the relevant fields without concern 
for the debate within the fields them¬ 
selves over such generalizations. With 
very few exceptions (e.g. in Chapter 2 we 
are told that diversity implies stability), 
the authors are innocent of this charge 
and are to be lauded for realizing their 
goal of "an examination of environmental 
problems based on an uncluttered, sys¬ 
tematic exposition of physical and bio¬ 
logical principles.” 

A consistent theme throughout the text 
is the enormous scientific and social 
complexity of our environmental con¬ 
cerns. Too often we do not have the 
technological capacity to deal with the 
problems we create, and when we do, 
economic and political demands often 
retard the implementation of solutions. 
The historical approach to issues of 
human population growth, water and air 
pollution policy, and energy development 
will allow the student to comprehend how 
environmental problems come to be rec¬ 
ognized, how technological advances are 
developed to meet them, and how the 
debates on alternatives influence our 
perception of the problems and, all too 
often, limit our options for solving them. 
The authors make no attempt to resolve 
the major controversies, nor do they 
proselytize for particular viewpoints; 
rather they trace the intricate web of 
conflicting scientific, economic, and legal 
Interests that surround our major envi¬ 
ronmental problems. 

The text is richly illustrated, each 
chapter is concisely summarized, and the 
problem sets provided are excellent. I 
recommend the book as an introduction 
to the environmental sciences for non¬ 
science majors.— Leo W. Buss, Biology, 
Yale University 


Behavioral Sciences 

Systems of Modern Psychology: A 

Critical Sketch. Daniel N. Robinson.. 

333 pp. Columbia University Press, 

1979, $22.50 cloth, $10 paper. 

Three words in this title are especially 
apt. Modern means twentieth-century, 
mostly after about 1920; sketch means 
treatment of important ideas, not sys¬ 
tematic coverage; and critical means 
analysis and evaluation, not simple ex¬ 
plication. And, withal, the word systems 
is not to be taken literally—it is no longer 
realistic to think of integrating most, or 
even much, of psychology into a single 
conceptual scheme. 

Robinson, a neuroscientist, has a re¬ 
markably wide acquaintance with his¬ 
torically and currently important psy¬ 
chological issues and a gift of incisive 
commentary. He writes about some great 
conceptual systems that are mostly alive 
and well—behaviorism, Gestalt, psycho¬ 
analysis—and some that are less well 
recognized but viable—phenomenonolo- 
gical and humanistic psychologies. In two 
chapters the notion of systems is 
stretched to include some currently lively 
approaches: the physicalistic—traditional 
“hard science,” neurophysiologically 
based (with knowledgeable remarks on 
philosophy of science in the history of 
psychology); and the cognitive approach, 
to which is appended perception and 
memory. There are suitable introductory 
and concluding chapters. 

Many of Robinson’s interpretations are 
interesting, even provocative. For exam¬ 
ple, he suggests that psychobiology is not 
yet capable of any general theory; that 
existing behaviorisms simply do not con¬ 
front most of what is important in human 
psychology; that psychoanalytic theories 
are only apparently connected with 
science; that lacking a clear definition of 
cognitive process, most of “cognitive 
psychology” has dealt with processes 
better classified under other labels, 

This book is not a text. It will be prof¬ 
itable reading for an advanced scholar in 
any field of psychology even remotely 
touched by it, but it will mainly stimulate 
further study. Only a person interested in 
theory for its own sake will want to read 
straight through. For him the value may 
be very great indeed.— C. E. Buxton, 
Psychology, Yale University : 


The Origins of Logic: Six to Twelve 
Months. Jonas Langer. Developmental 
Psychology Series, 437 pp. Academic 
Press, 1980, $26.50. 

Since the renewal of interest in Piaget’s 
theory during the early 1960s, the study 
of basic logical concepts (e.g. classification 
principles, numeration principles, rules of 
inference) has come to dominate research 
on human cognitive development. A 
number of books by authors such as H. 


Beilin, R. Gelman, L Siegel, and myself 
have now begin to expand on Piaget’s 
initial work in various ways. The author 
of this particular volume describes what 
he believes are the first glimmerings of 
logic, called “protologic,” in infants. He 
claims that the origins of concepts such as 
equivalence, negation, correlation, and so 
forth can be identified in the behavior of 
infants. Indeed, it is said that protologic 
goes through four stages during the sec¬ 
ond half of the first year of life. All this is 
taken to support Piaget’s well-known 
thesis that logic is rooted in sensorimotor 
behavior, not in language as philosophers 
often maintain. 

The book’s most original contributions 
lie in certain methodological develop¬ 
ments. A problem confronting anyone 
who wishes to study conceptual behavior 
in infants is the devising of tasks that take 
account of the subjects’ severe perfor¬ 
mance limitations. The author reports 
some interesting new assessment proce¬ 
dures, which he classifies as discrete 
object tasks, quasi-continuous object 
tasks, and discrete and quasi-continuous 
object tasks. At least some of these pro¬ 
cedures are close analogues of logical tasks 
used with children. Unfortunately, the 
number of infants studied was so small 
that the reader cannot be confident that 
any of these procedures generate stable 
data. However, the administration and 
coding methods are reported in sufficient 
detail that investigating the psychometric 
properties of these tasks should not prove 
difficult. 

The main weaknesses of this book are 
its empirical isolation and its theoretical 
prolixity. There is a large body of recent 
work by researchers such as T. G. R. 
Bower, E, H, Cornell, L, Cohen, H. 
Gardner, and I. Uzgiris that is directly 
relevant to the studies the author reports. 
This work is neither cited nor discussed, 
which seems an unconscionable oversight. 
On the theoretical side, the author shares 
Piaget’s penchant for egregious overin¬ 
terpretation of data. The proportion of 
theoretical hypotheses to hard new find¬ 
ings in need of explanation is, I fear, con¬ 
siderably greater than one. On the whole, 
the quantity of novel findings is just about 
right to supports regular article in aprt- 
mary journal, 

The author notes that this book is the 
first in a projected series dealing with 
logical development. It is to be hoped that 
the failure to integrate new data with the 
extant literature and the tendency to in¬ 
dulge in excessive theoretical speculation 
will be less in evidence in future vol-, 
umes.—C. J. Brainerd, Psychology, 
University of Western Ontario | 


Memory Organization and Structure. 
C. R. Puff, ed. 411 pp. Academic Press, 
1979. $27.50. 

This volume contains 12 original papers 
by active researchers concerned with 


problems of organization in human 
memory. While it reflects diversity in in¬ 
terests, ideas, and approaches, the com¬ 
mon emphasis is that organizational 
processing continues to have a vital role 
in memory research. There is even a cer¬ 
tain defensiveness about this position. 
One senses that there may be some real 
concern among the contributors about 
reviving interest in organizational re¬ 
search or testifying that organizational 
theories and perspectives are alive and 
well and are moving forward methodolo¬ 
gically and substantively. 

Apparently, the organizational view has 
been absorbed into the thinking and re¬ 
search on human memory, yet concern 
remains about what some see as a signif¬ 
icant decline over the past few years in 
research on organization of memory. This 
applies to the type of research that was 
dominant prior to the appearance of the 
Tulving and Donaldson text in 1972 ( Or¬ 
ganization and Memory). But, as is evi¬ 
dent from the present volume, there has 
also been a notable expansion of research 
on memory organization into develop¬ 
mental areas and into the areas of se¬ 
mantic memory and knowledge struc¬ 
tures. Further, the case is made that other 
orientations, such as the levels-of-pro- 
cessing view, are not incompatible with 
the organizational perspective and that 
the organizational view of memory can 
provide a very broad and general frame¬ 
work for memory research. 

Several chapters provide valuable de¬ 
tails about data, methodology, and con¬ 
ceptualizations for students and special¬ 
ists doing research in this field. As with 
most enterprises of this nature, there is 
duplication in the literature reviewed and 
described. Nonetheless, this is an impor¬ 
tant collection of papers for researchers 
in memory organization and for profes¬ 
sionals whose teaching responsibilities 
include human memory arid cogni¬ 
tion.— William P. Wallace, Psychology, 
University of Nevada 


Psychological Development from In¬ 
fancy: Image to Intention. Marc H. 
Bornstein and William Kessen, eds. 
Crosscurrents in Contemporary Psy¬ 
chology. 404 pp. Halsted Press, 1979. 
$24.95. 

The contributors to this volume were 
asked to examine, within their own 
specialties, possible empirical and theo¬ 
retical links between infancy and subse-, 
quent developmental periods. Their 
mission is explained in an elegant intro¬ 
ductory chapter by Kessen. The editors’ 
rationale is that, though theories of de¬ 
velopment typically assume that events 
in the first two years weigh heavily on all 
subsequent phases of growth, the avail¬ 
able evidence relating infancy to later 
development provides only the most 
tenuous support for the assumption of 
continuity. The evidence is limited in 


quantity due to the remarkable degree to 
which the study of the infant is segregated 
from research with older children, a 
practice the editors seek to discourage. 

Each of the three sections contains 
three to four chapters by well-known re¬ 
searchers and an authoritative analysis by 
a distinguished critic. The commentators 
are E. J. Gibson, P. H. Mussen, and J. M. 
Mandler. Their sophisticated and con¬ 
structive but often highly critical reviews 
greatly strengthen the individual contri¬ 
butions, and make the volume highly 
useful to specialists and advanced stu¬ 
dents of developmental psychology. 

Though all of the chapters stand as 
useful up-to-date summaries of research 
in selected areas, the issue of continuity 
actually serves as the centerpiece for very 
few chapters, and Nelson, Kagan, McCall, 
and Schaffer confront it most directly. 
Others, while not examining evidence per 
se, present new perspectives on continu¬ 
ity; Sameroff and Harris, for example, 
offer a dialectical model, While the con¬ 
tributions may have fallen short of the 
highest expectations of the editors and 
commentators, the failures are clearly due 
in part to deficiencies in our knowledge 
resulting from the separation of research 
on infancy from the study of later devel¬ 
opmental periods—a problem this book 
seeks to help correct,— Larry Fenson, 
Psychology, San Diego State Univer¬ 
sity 

Cognitive Structure: Theory and 

Measurement of Individual Differ¬ 
ences. William A. Scott, D, Wayne 

Osgood, Christopher Peterson, Scripta 

Series in Personality and Social Psy¬ 
chology. 252 pp. Wiley, 1979, $19.95. 

For many years, research into human 
cognition dwelt almost exclusively on 
quantitative aspects of human perfor¬ 
mance. The reasons for the researchers’ 
preoccupation with quantitative out¬ 
comes were several; a desire on the part of 
some to mimic the quantitative precision 
of the physical sciences; the construction 
of theories that said little, if anything, 
about cognitive structure; and the avail¬ 
ability of only the crudest methods for 
studying cognitive structure. The one 
technique that seemed to show some 
promise for investigating it—factor 
analysis—was seen as the province of 
psychometricians (psychologists con¬ 
cerned with psychological tests and 
measurements), and the method was for 
many years in disrepute among cognitive 
psychologists. 

Cognitive experimental and social 
psychologists have in recent years become 
dissatisfied with assessing merely quan¬ 
titative outcomes, and have slowly been 
developing methods (many of them pre¬ 
cise mathematical ones) for assessing 
qualitative outcomes as well. This clearly 
written and well organized book describes 
and evaluates many of these methods. It 
compiles in one place a number of meth- 
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ods that in the past have been available 
only in widely scattered sources. The 
summary chapter at the end provides an 
excellent overview of the book’s con¬ 
tents, 

Despite the many strengths of the book, 
its overall contribution is reduced by 
several salient weaknesses. First, despite 
the broad title, its methodological focus 
is narrow. The measures of cognitive 
structure comprise only a narrow subset 
of those available, and generally, they are 
only ones that fit into the authors’ me- 
tatheoretical perspective. Second, the 
substantive focus of the book is also nar¬ 
row. It deals almost exclusively : with 
measures of structure in personality and 
social cognition. The application of the 
measures to what most people mean by 
the “cognitive domain”—perception, 
learning, memory, problem solving, and 
intelligence—is barely discussed. Third, 
although a number of rather elaborate 
and carefully derived measures of cogni¬ 
tive structure are presented, the construct 
validity of these measures remains in 
doubt. The magnitudes of correlations of 
these measures with external variables 
(such as intelligence) are only at about the 
.30 level, which Walter Mischel has re¬ 
ferred to as the typical level of "person¬ 
ality coefficients.” The book’s almost 
exclusive preoccupation with “structure” 
seems to repeat the mistake of earlier in¬ 
vestigators in the information-processing 
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tradition who were preoccupied almost 
exclusively with “process.” Certainly the 
time is at hand when we need to talk si¬ 
multaneously about the measurement of 
structure and process and about how the 
two kinds of' measurement are related.— 
Robert J, Sternberg, Psychology, Yale 
Uniuersity 


Paleonutrition: Method and Theory in 

Prehistoric Foodways, Elizabeth S. 

Wing and Antoinette B. Brown, Studies 

in Archaeology. 202 pp. Academic 

Press, 1979, $16.50. 

Reconstructing diet from ancient food 
and human remains is an ongoing interest 
of archaeologists. Following developments 
in cultural anthropology, they have con¬ 
tinued to refine their understanding of 
ancient diet by pursuing several lines of 
inquiry: the ecology of food production; 
cultural analyses of food habits, prefer¬ 
ences, and methods of social distribution; 
and nutritional consequences of patterns 
of food production and dietary rules, This 
volume, which deals mainly with the third 
topic—nutrition—makes available the 
data from a 1976 symposium on the re¬ 
construction of diet from archaeological 
evidence, set in the context of more gen¬ 
eral chapters on basic nutrition and cul¬ 
tural food habits. It thus tries to combine 
a short, general introduction to nutrition 
and the anthropology of food with a de¬ 
tailed account of archaeological methods 
of data collection, analysis, and inter¬ 
pretation. 

Efforts to go from the modern scientific 
to the prehistoric understanding of 
foodways are, as the authors warn, 
“fraught with uncertainties” given the 
fragmentary nature of archaeological 
data. Moreover, the choice of what topics 
to cover in what degree of detail in a gen¬ 
eral discussion of nutrition and food 
habits is difficult. The work suffers from 
lack of consistent integration of general 
nutritional discussion with hard ar¬ 
chaeological data and from lack of focus. 
More attention might have been paid to 
analysis of food systems by means of food 
webs and energy flows, mentioned in 
Chapter 1 but not systematically treated 
again until the final chapter. 

Chapters 2-4 ("Cultural Attitudes to 
Subsistence,” "Nutrient Requirements,” 
and "Filling Dietary Requirements”), 
while competent, contain material more 
adequately handled by some of the recent 
literature on foodways and by the nutri¬ 
tional texts from which they largely de¬ 
rive, for example, J. R. K. Robson’s Mal¬ 
nutrition: Its Causation and Control. It 
is to such sources one must turn to un¬ 
derstand adequately disturbances of 
carbohydrate metabolism and their rela¬ 
tionship to the evolution of specific diets, 
and for more precise discussion of degrees 
of energy deficiency and implications for 
growth retardation. The three chapters 
evaluating archaeological evidence are 


more satisfying, particularly "Human 
Skeletal Remains” and the analysis of 
shellfish as part of “Biological Material 
Used for Food,” which contain the most 
recent methods of analysis and interpre¬ 
tation, The final chapter, “Procurement 
Patterns and Dietary Regimes,” again 
fails to integrate archaeological with 
general discussion data consistently, 
highlighting once more the fragmentary 
nature of the archaeological evidence and 
the speculative nature of the interpreta¬ 
tion. An appendix sets out laws relating to 
the collection, possession, and transpor¬ 
tation of biological and archaeological 
specimens, 

While the volume seems to have been 
intended as a textbook for courses on 
paleonutrition, students would better 
cover the nutritional aspect of the subject 
through a separate course on nutritional 
anthropology or by reading the nutrition 
texts cited in the early chapters. Though 
much of the interpretation moves with 
care from models derived from ethnog¬ 
raphy to archaeological data, the authors 
might have cited directly more of the re¬ 
cent ethnoarchaeological contributions to 
the study of paleonutrition. More posi¬ 
tively, the volume supplies a welcome 
summary of other archaeological ap¬ 
proaches to understanding the history of 
human nutrition— Ellen Messer, An¬ 
thropology, Yale University 


Ethnoarchaeology: Implications of 
Ethnography for Archaeology, Carol 
Kramer, ed, 292 pp. Columbia Univer¬ 
sity Press, 1979, $20. 

Research in ethnoarchaeology has 
evolved so swiftly over the last 15 years 
that publications can become historic 
documents almost as soon as they appear. 
Although published in 1979, the articles 
in this volume are representative of the 
first essays in archaeological ethnography, 
both in the problems they address and the 
insights they offer about the nature of the 
archaeological record, Ideally, ethnoar¬ 
chaeological research can be the context 
in which archaeologists’ ideas about the 
meaning of prehistoric materials are 
evaluated, inaccurate ones scrapped, and 
new ones forged, Few of the articles that 
evaluate archaeological concepts and as¬ 
sumptions here go beyond the stage of 
scrapping ideas that have failed to survive 
scrutiny in the real world. They do not go 
on to use contemporary observations to 
define what can be known about the past 
from prehistoric sites and materials. 
Perhaps, however, this step should not be 
expected from researches effectively 
completed before 1976. 

Chapters by Jacobs, Kramer, and 
Sumner on demographic and socioeco¬ 
nomic correlates of house structure in 
Iran, and by Hardin on the design choices 
made by Tarascan potters, are basically 
cautionary tales, critically evaluating 


concepts common in the archaeological 
literature of the 1960s. Chapters of vary¬ 
ing quality take a descriptive, direct his¬ 
toric approach to archaeological prob¬ 
lems. Carneiro’s research on stone-axe use 
by an Amazonian Indian is so amateurish, 
as was the axe-wielder, that it might welt 
have been omitted. Messer’s study of 
plant use in Oaxaca succeeds in providing 
behavioral and ecological texture for 
analyses of plant remains from Mesoam- 
erican sites. Hole productively uses eth¬ 
nographic observation to elucidate the 
archaeology of early Near Eastern pas- 
toralists. Lees’s chapter on irrigation and 
social organization in Oaxaca does take 
that second step in ethnoarchaeological 
research, detailing how she revised her 
ideas about appropriate scale of ar¬ 
chaeological sampling and relevant social 
processes as a result of her findings. Lees 
argues that studying the changes under¬ 
gone by “nonpristine” direct historic an¬ 
alogues can actually facilitate under¬ 
standing of their fundamental, di- 
achronically stable features. Ebert pre¬ 
sents interesting hypotheses about tech¬ 
niques of curing and patterns of disposal 
among mobile hunter-gatherers, butdoes 
not go on to evaluate these with contem¬ 
porary data. Jochim’s model of a Palaeo¬ 
lithic subsistence system is an ingenious 
synthesis of traditional ethnographic 
materials but is totally unconnected to 
real ethnoarchaeology. DeBoer's and 
Lathrap’s excellent description of the 
manufacture of Shipibo-Conibo ceramic 
and of its use, disposal, and the resultant 
site structure stops just short of refor¬ 
mulating archaeological research goals 
and strategies in light'of their work, de¬ 
spite many statements about regularities 
in the processes described. 

This is a useful book for anyone inter¬ 
ested in the areas and topics covered. It 
has considerable value also to studentsof 
the development of ethnoarchaeology, 
both for Kramer’s introductory historical 
review and in its own right as a historical 
document— Diane P. Gifford, Ecology 
and Evolutionary Biology, University oj 
California, Santa Cruz 


Mathematics and 
Computer Science 

Differential Analysis: Differentiation, 
Differential Equations and Differential 
Inequalities. T. M. Flett. 359 pp, 
Cambridge University Press, 1980. 
$39,50. 

Here is a scholarly treatment of the 
differential analysis of functions with 
values (and, most often, with independent 
variables as well) in normed spaces. Both 
the theory and the applications (to dif¬ 
ferential equations, calculus of variations, 
etc.) are developed in great depth, many 
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nontrivial exercises are very well chosen 
to amplify the material further, several 
historical notes enliven the discussion by 
pointing out the holes in the works of the 
old masters and how their successors filled 
them, and the bibliography and index are 
comprehensive enough to enlarge the 
book’s value as a reference. 

While the style is somewhat dry, it is 
clear; discussion is careful and coverage 
complete. An unusual feature is the in¬ 
clusion of the Hadamard differential and 
the proof that it yields the most general 
reasonable notion of differentiation for 
which the chain rule is valid. Curiously, 
theorems are not labeled as such, though 
lemmas and corollaries are, and all results 
are numbered. In fact, the one obvious 
way in which the book might be enhanced 
would be to include means, both textual 
and typographical, for the reader to dis¬ 
tinguish readily which results are most 
central. But this is a minor complaint 
about a very worthwhile book.—Stuart 
Jay Sidney, Mathematics, University of 
Connecticut 


Operator Colligations in Hilbert 
Spaces. Mikhail S. Livshits and Artem 
A. Yantsevich. Trans. American 
Mathematical Society. 212 pp. Halsted 
Press, 1979. $19.95. 

Livshits was one of the originators of 
the notion of characteristic function of an 
operator, which has developed over sev¬ 
eral decades into an important tool in 
operator theory. This book presents an 
ambitious extension of ideas from that 
domain. The results are applied to sys¬ 
tems theory, Riemannian geometry, sto¬ 
chastic processes, and other fields, This 
is likely to become an important work, but 
it is d ifficult and will initially be accessible 
only to those with considerable back¬ 
ground in operator theory.— Henry Hel- 
son, Mathematics, University of Cali¬ 
fornia, Berkeley 


Similarity, Self-Similarity, and In¬ 
termediate Asymptotics. G. I. Bar- 
enblatt. Trans. Norman Stein. 218 pp. 
Plenum, 1979. $36. 

Barenblatt’s book provides a welcome 
and well-written survey of applications of 
similarity concepts to the solution of a 
wide variety of mathematical problems in 
mechanics and heat transfer. Its most 
original feature is its emphasis on a- 
symptotic "self-similar solutions of the 
second kind.” These solutions are ob¬ 
tained by “matching” truly self-similar 
asymptotic solutions to initial conditions 
not possessing the same similarity. 

The book illustrates methods for con¬ 
structing such solutions by careful dis¬ 
cussion of well-chosen examples. Many of 
these examples, as well as the techniques 
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used to solve them, are the work of the 
author, Zeldovich, Kolmogorov, Sedov, 
and other Russian scientists, This book 
provides an excellent summary of their 
achievements.— Garrett Birkhaff, 
Mathematics, Harvard University 


Generalised Functions. R. F. Hoskins. 

Mathematics and Its Applications. 192 

pp. Halsted Press, 1979, $39,95. 

Generalized functions in one form or 
another seem to have originated in 
mathematics with Cauchy, passed 
through electrical engineering with 
Heaviside and physics with Dirac, and 
returned as a topic in pure mathematics 
with Sobolev and Schwartz, This book is 
intended to make the subject more ac¬ 
cessible to a mixed or technical audience 
through a straightforward treatment of 
the simplest cases: the delta function on 
the line and its translates, derivatives, and 
integrals. Applications include time in¬ 
variant linear systems, the Laplace and 
Fourier transforms, and Fourier series. At 
a more reasonable price the book could be 
considered as a supplementary text for an 
undergraduate linear systems or linear 
analysis course.— Richard Beals, Math¬ 
ematics, Yale University 


Engineering and Applied 
Sciences 

Methods in Electromagnetic Wave 

Propagation, D, S. Jones. 887 pp. Ox¬ 
ford University Press, 1979. $59. 

A modern-day practitioner of applied 
electromagnetic theory must be as con¬ 
versant with numerical techniques as with 
Maxwell’s equations. For example, to find 
the electromagnetic field scattered by a 
solid conducting object of arbitrary shape, 
it is necessary to solve numerically an in¬ 
tegral equation for the unknown surface 
current. Should the integral equation be 
written in terms of the electric or the 
magnetic field? What methods are avail¬ 
able for solving integral equations and 
what are their limitations? These are the 
types of problems addressed in this 
book. 

The volume presents a comprehensive 
treatment of the application of functional 
analysis and numerical techniques to the 
solution of electromagnetics problems. 
Fundamentals of numerical analysis, in¬ 
cluding interpolation, linear equations, 
and matrices are introduced, and practical 
problems such as stability and ill-condi¬ 
tioned systems are considered, Guided 
wave problems illustrate the application 
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of difference equations. The treatment of 
linear operators in general and partial 
differential equations in particular leads 
to a thorough study of various variational 
methods, including Galerkin’s method 
and the finite element technique. Integral 
equation solutions of antenna and scat¬ 
tering problems are covered in detail. The 
examination of transient phenomena in¬ 
cludes a discussion of the trade-offs in¬ 
volved in solving problems in the fre¬ 
quency domain versus the time domain. 
The volume also contains a complete re¬ 
view of the geometrical theory of diffrac¬ 
tion and inverse problems. 

Those interested in obtaining a state- 
of-the-art knowledge of the application of 
numerical methods to the solution of 
electromagnetics problems will find the 
book useful. It is comprehensive (400 re¬ 
cent papers and reports are referenced) 
and well written. The basic concepts are 
covered in such detail that this would be 
an excellent book on which to base a 
graduate course in applied electromag¬ 
netic theory (the author has included 
numerous exercises).—Peter W. Barber, 
Ele'ctrieal Engineering, University of 
Utah 


Elongational Flows: Aspects of the Be¬ 
haviour of Model Elasticoviscous 
Fluids, C, J, S. Petrie. Research Notes 
in Mathematics, 29. Fearon-Pitman, 
1979,254 pp. $17.50. 

The mechanical properties of polymer 
melts and solutions are so complex that 
the study of Shearing motions has occu¬ 
pied much of the last 30 years. Since it has 
become evident that shearing response 
does not predict behavior in stretching 
motions, theoretical and experimental 
work on elongational flows has begun to 
appear more frequently. Petrie’s book is 
a unified summary of the history of the 
subject, recent experimental work, and 
the phenomenological theory. It is useful 
both as an introductory work for students 
and as a reference for research work¬ 
ers.—A, C, Pipkin, Applied Mathemat¬ 
ics, Brown University 


Boiling Phenomena: Physicochemical 
and Engineering Fundamentals and 
Applications, Vols. 1 and 2. Sjoerd van 
Stralen and Robert Cole. Thermal and 
Fluids Engineering. 945 pp. Hemi- 
sphere/McGraw Hill, 1979. $45 each, 
$85 set. 

This book, according to the Preface, 
originated from 16 invited papers that 
appeared in the Dutch journal Poly tech- 
nisch Tijdschrift during the period 
1974-79. It is comprised of numerous ar¬ 
ticles—generally state-of-the-art re¬ 
views—on 13 major aspects of the overall 
subject of boiling, by 17 authors, many of 
whom are well-recognized specialists in 


their fields. It does indeed present quite 
comprehensive and relatively up-to-date 
coverage. Although I note that in some 
cases the referencing is not as complete as 
would be desirable, I think the volume will 
make a most valuable addition to the 
shelves of boiling-research professionals, 
and it could also be a useful text or pri¬ 
mary reference for graduate courses in 
that field.— Frederick G. Hammitt, Me¬ 
chanical Engineering, University of 
Michigan 


Holographic Interferometry. Charles 
M. Vest. 465 pp.Wiley, 1979. $27.60. 
Holographic Interferometry: From the 
Scope of Deformation Analysis of 
Opaque Bodies, W. Schumann and M, 
Dubas, Optical Sciences, 16. 194 pp, 
Springer-Verlag, 1979. $32,40, 
Holographic interferometry is a science 
that combines holography, interferome¬ 
try, and techniques from coherent optics 
to solve problems in experimental stress 
analysis, mechanical vibrations, nonde¬ 
structive testing, medical and dental re¬ 
search, fluid mechanics, heat and mass 
transfer, and plasma diagnostics. Vest’s 
book is a treatise on all aspects of holo¬ 
graphic interferometry and includes ex¬ 
amples of numerous applications. The 
volume is clearly written, nicely edited, 
and full of easy-to-follow line drawings. It 
is also strongly analytical; extensive use 
is made of mathematical analysis to ex¬ 
plain how the interferometric fringes are 
formed and how information is extracted 
from them. The book cites over 700 ref¬ 
erences, extending from the first papers 
on the subject through 1978. In theory 
Vest’s book could be read by a novitiate in 
the field of coherent optics; in practice 
this could prove too difficult. The author 
packs all the needed background (i.e. 
basic principles of coherence, interfer¬ 
ometry, diffraction and spatial filtering, 
aspects of statistical optics, holography, 
and holographic interferometry) into the 
first 64 pages, Thus, some prior reading in 
the field is helpful—for example, Good¬ 
man’s Introduction to Fourier Optics 
(McGraw-Hill, 1968). 

The first three chapters deal with the 
holographic interferometry of opaque 
objects, There the author derives the basic 
equations for fringe interpretation, i.e, 
how they are related to the vector dis¬ 
placement of surfaces, accuracy of mea¬ 
surements, the phenomenon of fringe lo¬ 
calization, and measurements of strain, 
stress, bending moments, and vibrations, 
In Chapters 5 and 6 holographic inter¬ 
ferometry is applied to transparent 
objects such as glass, flame, and gas, The 
transparent case is the one that applies to 
aerodynamics, heat transfer, plasma di¬ 
agnostics, and stress analysis of phase 
objects. As in the earlier chapters, math¬ 
ematical arguments and physical rea¬ 
soning are used extensively. The final 
chapter deals with extensions of holo¬ 


graphic interferometry and other tech¬ 
niques closely related to it, such a8 speckle 
interferometry. By ingenious means, the 
phenomenon of speckle, the spatial noise 
one observes when coherent light is re¬ 
flected from diffuse objects, has been used 
to form the basis of interesting measure¬ 
ment techniques. On the whole, for the 
interested reader who has some back¬ 
ground in modern optics and Fourier 
analysis, this book is strongly recom¬ 
mended. 

The short book by Schumann and 
Dubas makes heavy use of differential 
geometry of surfaces and vector and ten¬ 
sor calculus in discussing holographic in¬ 
terferometry, Not only are the discussions 
arcane but many of the diagrams are 
cluttered and difficult to follow. So, 
reader, beware: unless you are a specialist 
in the field or mathematical physics is 
your game, you had better begin with the 
book by Vest .—Henry Stark, Electrical 
and Systems Engineering, Rensselaer 
Polytechnic Institute 

Flow Visualization. Tsuyoshi Asanuma, 

ed. Thermal and Fluids Engineering. 
413 pp. Hemisphere/McGraw-Hill, 
1979. $64.50. 

The visualization of fluid flows is an 
important research tool for any experi¬ 
mentalist whose work is associated with 
the study of fluid-flow problems. Since 
most fluids, whether liquids or gases, are 
invisible to the naked eye, special meth¬ 
ods are required to make their flow visi¬ 
ble. A great number of visualization 
methods are available; they are used not 
only for pure fluid-mechanical studies, 
but also in such applied fields as fluid 
machinery, chemical engineering, bio¬ 
logical and medical flow problems, 
oceanography, atmospheric studies, and 
combustion research. The book is the 
proceedings of an international sympo¬ 
sium held in Tokyo in 1977, which for the 
first time brought together researchers 
from the various fields of experimental 
fluids engineering to discuss the devel¬ 
opment and application of such visual¬ 
ization techniques, 

The book includes four survey papers 
and 50 contributed papers, classified into i 
sections according to the experimental ; 
method involved—e.g. direct injection 
methods (dye in water or smoke in air 
flows), techniques for visualizing the flow 
near solid walls, observation and mea¬ 
surement of velocity profiles, optical 
methods. The four invited lectures review 
research activities in their respective re¬ 
gions—Eastern and Western Europe, 
Japan, and North America. 

Many excellent flow photographs that 
may promote the understanding of cer¬ 
tain flow situations are included. The 
experimentalist working with such a vi¬ 
sualization method might realize that the 
same techniques are being used by others 
in quite different fields. Or he might dis¬ 
cover that a researcher in another field is 
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employing a technique that appears 
suitable for application to his own prob¬ 
lem, These proceedings, therefore, are a 
very useful supplement to the existing 
literature in this field; they should be ac¬ 
quired by the libraries of institutions in¬ 
volved in any kind of experimental flow 
research.— Wolfgang Merzkirch, Ther¬ 
mal and Fluid Dynamics, Ruhr-Univ- 
ersitat Bochum, West Germany 


Optical Fibers for Transmission. John 

E. Midwinter. Pure and Applied Op¬ 
tics. 410 pp. Wiley, 1979. $24.95. 

This book fulfills a need for a coherent 
introductory text about a new and ex¬ 
panding communications technology. 
Most books in this field are either com¬ 
pendia of papers delivered at ad hoc 
“courses” or advanced texts reflecting 
some author's particular interest; this is 
the only general text by a single author. As 
a result, the various subfields are covered 
in a unified way with some evaluation of 
their relative importance. Advances are 
occurring so fast that it is a challenge to 
exclude obsolete material. The author 
largely solves this problem by sticking to 
basics and incorporating experimental 
observations when possible. Even so, a 
little of the information has become of 
only historical interest. Timeliness has led 
to a sacrifice of the usual British compe¬ 
tence in writing; Americans will probably 
find the style familiar. 

Any text titled “optical fibers” covers 
an area broader than the title might 
imply. Knowledge about fibers leads to 
knowledge about other components be¬ 
cause these have usually been designed to 
accommodate to the fiber. The subject 
matter is also broadened by chapters that 
show the relation between fibers and ca¬ 
bling, signal launching, signal detection, 
and system design. The content is thus 
comprehensive but the reader should re¬ 
alize that the technology has progressed 
considerably beyond the level discussed. 
He should also realize that this technol¬ 
ogy, like most others, is being shaped as 
much by economic factors as by theoret¬ 
ical possibilities. 

This book should be near the top of the 
reading list both for those seeking a gen¬ 
eral reference on optical communications 
and for those entering the field.— Robert 
D. Maurer, Corning Glass Works, Cor¬ 
ning, NY 


Advances in Catalysis, Vol. 28. D. D. 
Eley, Herman Pines, Paul B. Weisz, 
eds. 403 pp. Academic Press, 1979. 
$42.60. 

The use of a proper catalyst can greatly 
increase the rate of a chemical reaction 
and the specificity for a particular project. 
This results in lower processing energy 
requirements and a more efficient use of 
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raw materials, This economic incentive, 
together with the scientific challenge, has 
made catalytic research an area of con¬ 
tinuing interest for many decades. Vari¬ 
ous significant advances have been sum¬ 
marized in articles in previous volumes of 
this series. The latest volume describes 
current research. 

As in other collections of contributions 
by different authors, there is a lack of 
coherence in this volume. The review ar¬ 
ticles cover areas ranging from the ele¬ 
mentary mechanism in the catalytic oxi¬ 
dation of carbon monoxide on platinum 
metals, as studied by modern surface 
science techniques, to the chemistry and 
homogeneous catalysis of small molecules 
by transition metal complexes. The 
mechanistic implications of mathematical 
analysis of kinetic data, the organic 
chemistry of metal-catalyzed reactions of 
alkylaromatics, and the characterization 
of metalloenzyme catalysts are also ad¬ 
dressed. 

The currently widely studied molecule 
of carbon monoxide receives significant 
attention in this volume, Its reactions are 
the major topic of two articles, and are 
discussed in a third, Four of the articles 
are genuinely on catalysis. The essay on 
transition metal complexes reports mostly 
on stoichiometric reactions with only a 
few catalysis examples. It reflects well the 
current status of that field. 


The articles are written for readers with 
background in catalysis by experts in 
these areas. They are self-contained, ex¬ 
tremely comprehensive reviews, Impor¬ 
tant features are the specialist insight into 
research problems and the inclusion of 
current results from the authors’ labora¬ 
tories, This special scientific merit and a 
wealth of information make the book ex¬ 
tremely valuable, like the other volumes 
in this,series.— Harold H. Rung, Chemi¬ 
cal Engineering, Northwestern Univer¬ 
sity 


Magnetic Domain Walls in Bubble 
Materials. A. P. Malozemoff and J. C. 
Slonczewski, Applied Solid State 
Science, Advances in Materials and 
Device Research, Supplement 1.319 
pp. Academic Press, 1979. $33.50. 

Although the subject of magnetism, 
and in particular the dynamics of domain 
walls, has been studied intensively for 
over four decades, many new phenomena 
have been discovered within the past 
eight or nine years as a direct result of the 
flurry of activity associated with magnetic 
bubble memories, Hand in hand with 
these observations, new theories were 
developed that not only provided a 
framework for understanding the new 
results'but in some instances also shed 
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light on some old previously unexplained 
effects. 

This book, written by two prominent 
researchers who have made major con¬ 
tributions to the field, is a timely survey 
of the statics and dynamics of magnetic 
domain walls, with emphasis on wall dy¬ 
namics in magnetic bubble materials. It 
starts with a highly readable and very 
complete account of numerous experi¬ 
ments and experimental techniques that 
have helped to define the field, and then 
proceeds to develop one- and three-di¬ 
mensional theories of wall dynamics. The 
theoretical treatment is advanced, and 
casual readers wishing an overview of the 
subject will probably discover that it is too 
detailed for their needs, However, sea¬ 
soned researchers will find a complete and 
up-to-date account of the myriad aspects 
of wall dynamics in bubble materials. The 
book should also prove to be very useful 
to those contemplating entering the field, 
particularly since the authors have taken 
care to point out areas where either theory 
or experiment leaves something to be 
desired. It is to be hoped that their efforts 
will stimulate further work in these 
areas. 

Another outstanding feature of the 
book is a very complete bibliography (448 
references). This aspect alone makes it a 
valuable addition to the library of any 
bubble physicist. In a review of limited 
size, there is inevitably some sacrifice in 
the depth of treatment of certain topics, 
but the seminal papers of the original 
literature are always cited, greatly facili¬ 
tating further study,— G. P, Vella-Col- 
eiro, Bell Laboratories, Murray Hill, 
NJ 


History and Philosophy of 
Science 

Howard Florey: The Making of a Great 

Scientist. Gwyn Macfarlane. 396 pp. 

Oxford University Press, 1979. 

$18.95, 

Howard Florey was> in the opinion of 
Gwyn Macfarlane, “probably the most 
effective medical scientist since Lister." 
One might question in principle the va¬ 
lidity of so sweeping a claim, but 
Macfarlane’s admirable study leaves little 
doubt about Florey’s outstanding ability, 
the magnitude of his contributions, and 
the vitality' of his, scientific leadership, 
Confronted with a mass of archival ma¬ 
terials, with access to many of the people 
who knew Florey well, this long-standing 
associate of Florey chose not to write a 
full-scale biography. Instead he sought to 
follow Florey’s “development as a scien¬ 
tist” from the beginning of his life to the 
climactic events whose outcome was the 
demonstration of the therapeutic value of 
penicillin. 

Born in Adelaide, Australia, Florey 


excelled from an early age in athletics as 
well as in academic subjects, In his fourth 
year as a medical student he decided that 
he preferred research to clinical medicine, 
and that in order to pursue this preference 
he would have to leave Australia. His 
successful application for a Rhodes 
Scholarship in 1920 set the stage for his 
life in England. Macfarlane follows closely 
Florey’s experiences as a student at Ox¬ 
ford, as a research fellow at Cambridge, 
and as a medical officer on the Oxford 
University Antarctic Expedition; he 
chronicles the interlude in America on a 
Rockefeller Scholarship, the opportune 
research appointment at London Hospi¬ 
tal, and successive moves to Cambridge 
and Sheffield before the permanent re¬ 
turn to Oxford in 1938 and the founding 
of what is often regarded as the best, 
school of pathology of its time. The book 
traces, succinctly but clearly, the several 
lines of research—on the cerebral circu¬ 
lation, the actions of various drugs, the 
physiology of the lymphatic system, the 
functions of the mucus secretions of the 
intestinal tract, and the antibacterial ac¬ 
tion of lysozyme—which Florey was able 
to sustain either simultaneously or alter¬ 
natively over long stretches of his scien¬ 
tific career. The preservation of more than 
150 letters that Florey wrote to his future 
wife, Ethel Reed, during the long period 
of separation while he was in England and 
she in Australia, provide a remarkably 
revealing view of the ambitions, the self¬ 
doubts, and the range of inner feelings— 
including persistent loneliness—of a man 
who later protected his emotions beneath 
a blunt, driving, and affable outward 
personality. 

Macfarlane does not resort to the 
common tactic of dividing his subject’s 
life and the analysis of his scientific work 
into separate sections. Instead, he com¬ 
bines the development of Florey’s career, 
his personal evolution, his struggles to 
.obtain financial support, his relations 
with colleagues, and his experimental 
investigations into one flowing story. 
Occasionally this approach causes the 
reader the inconvenience of having to turn 
back to refresh his memory, but the result 
is rewarding/for Macfarlane is able to 
recreate the integrated life of a complex 
person engaged in each of these types of 
activities at every stage. Those who were 
Florey’s predecessors, teachers, support¬ 
ers, associates, and obstacles are vividly 
described. 

The culmination of the book is natu¬ 
rally the oft-told penicillin story. One of 
Macfarlane’s objectives is to rectify the 
distortion that he believes has made Sir 
Alexander Fleming the sole hero of the 
story, to the neglect of Florey’s leadership, 
which filled the immense gap between a 
remarkable unexpected discovery and the 
beginning of the antibiotic era in medi¬ 
cine. My impression is that Macfarlane 
has applied his corrective measures fairly, 
neither belittling Fleming nor aggrand¬ 
izing Florey. Throughout the book the 


author tempers his obvious admiration for 
Florey by attention to his limitations as 
well as to his formidable strengths. 

The volume is intended for the general 
reader. Therefore, although Macfarlane 
describes the scientific investigations with 
clarity and precision, he does not follow 
the details of Florey’s research in the an¬ 
alytical depth which his own knowledge 
of the subject and the materials available 
to him would have permitted. Conse¬ 
quently the book does not provide the 
scientist or the historian of science with 
new illumination about the processes of 
scientific imagination and discovery. 
What it does do, and do brilliantly, is to 
portray a scientific personality so fully 
that we can feel at the end that we have 
ourselves known Florey.in action. 
Macfarlane writes clearly, elegantly, and 
where appropriate, movingly. Altogether 
this is an important, compelling book. 
Whoever may eventually he inspired by 
it to reconstruct, from the laboratory 
notebooks and other documents which 
have been preserved, a more penetrating 
examination of Florey’s scientific work, 
will have great difficulty in providing a 
better overall picture of “the making of a 
great scientist.’’— Frederic L. Holmes, 
History of Medicine, Yale University 
School of Medicine 


Genesis and Development of a Scien¬ 
tific Fact. Ludwik Fleck. 203 pp. Uni¬ 
versity of Chicago Press, 1979. $17.50. 

In a traditional view of science, facts arc 
taken to be objective and permanent.' 
Theories may come and go hut the facts 
remain. Many writers today, e.g. Kuhn 
and Feyerabend, have criticized this view, 
which is also attacked in this book. What 
is remarkable, however, is that this book 
is an English translation of a German 
work written forty-five years ago, at a 
time when logical positivism was in 
bloom. 

The hook is a case study of the modern 
concept of syphillis. Along with historical 
and sociological observations Fleck pre¬ 
sents a philosophical approach that has a 
very contemporary ring. For example, he 
believes that scientific theories pass 
through two periods: one in which every¬ 
thing is in striking agreement and a sec¬ 
ond in which exceptions begin to come to 
the fore. He questions the notion of a 
“crucial experiment” and argues that 
often contradictions to a theory are not 
noticed, or are kept secret or explained 
away. Fleck points out that even the il¬ 
lustrations in medical texts are touched 
up to be true to theory rather than to na¬ 
ture. 

For Fleck, facts evolve through a social 
process. He introduces the controversial 
notion of a “thought collective” to explain 
this. A thought collective is a group of 
persons who exchange ideas in a particu¬ 
lar field and transmit a stock of knowl¬ 
edge and a level of culture; Historians, 
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sociologists, and philosophers will find the 
book useful. As Kuhn says in his Fore¬ 
word: “Though much has occurred since 
its publication, it remains a brilliant and 
largely unexploited resource.”— James 
Moor, Philosophy, Dartmouth College 


Ars Orientalis: The Arte of Islam and the 
East, Vol. 11. Elisabeth West Fitzhugh 
et al., eds. 328 pp. Washington, DC: 
Freer Gallery of Art, Smithsonian In¬ 
stitution, 1979. $70. 

This collection of essays differs from 
the normal art historical approach that 
one has come to expect of the Freer Gal¬ 
lery in that it reflects the interests of the 
late John Rutherford Gettens, to whose 
memory the volume is dedicated. The 
fifteen papers included in this issue deal 
exclusively with the scientific investiga¬ 
tion of various classes of oriental objets 
d’art. The book is therefore a fairly cir¬ 
cumscribed application of the analytical 
sciences and serves to answer adequately 
how best the analytical scientist can make 
a contribution to the field of art history. 

The contributions can be roughly di¬ 
vided into two main categories: those that 


deal with the origins of materials and 
those that provide a technical study of the 
materials used by oriental craftsmen and 
the ways in which they were manipu¬ 
lated. The first group includes a study of 
the proportions of lead isotopes in Chi¬ 
nese glass that attempts to suggest a 
source for the raw materials. Another 
paper studies the trace elements present 
in early Islamic luster wares and points to 
an origin for, these ceramics in the Meso¬ 
potamian Valley. 

The second group of papers is more 
varied, covering such topics as the pig¬ 
ments used by early Japanese artists, the 
uses to which the Japanese put lacquer 
(Urushi) in repairing antiquities, some 
aspects of Chinese bronze and silver- 
smithing, and the manufacture of Japa¬ 
nese swordguards (Tsuba). Most of the 
papers on metalworking in this group are 
supported by detailed chemical and me- 
tallographic studies, the latter possible 
only because the objects studied were so 
badly damaged that they no longer had 
great artistic merit and could therefore be 
sacrificed for sampling. 

The quality of the contributions is quite 
outstanding. Many of the authors have 
devoted a lifetime of study to this some¬ 


what esoteric field, and it would be in¬ 
vidious to single out any single paper for 
praise, It was not, however, the editors’ 
aim to give a comprehensive account of 
the investigation of erstwhile oriental 
craftsmanship but rather to focus on 
those areas in which Gettens was himself 
most active. Hence one finds a heavy 
emphasis on metallurgical studies and on 
the analyses of pigments and very little 
indeed that relates to materials of organic 
origin used by the oriental craftsman. 

One word of warning. There was a time 
when art historians complained that their 
scientific colleagues were difficult, if not 
impossible, to comprehend because of 
their strange terminology. Perhaps the 
wheel has turned full cycle, for the scien¬ 
tist who is not conversant with the various 
cultures and phases of oriental history 
may find this work somewhat forbidding. 
Nevertheless, anyone who wishes to un¬ 
derstand more fully what is involved in 
the scientific investigation of works of art 
could do no better than to study this vol¬ 
ume. It is sumptuously printed and bound 
and should find a place in every scientific 
library.-#. W. M. Hodges, Art Conser¬ 
vation, Queen’s University, Kingston, 
Ontario 
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pp. Ann Arbor Science. $39.96. 

Blomback, Birger, & Lars A, Hanson, eds. 
Plasma Proteins. Trans. Desmond 
Hogg. A KABI Book. 401 pp. Wiley- 
Interscience, 1979, $62. 

Bloor, Colin M,, & Averill A. Liebow. The 
Pulmonary and Bronchial Circulations 
in Congenital Heart Disease. Topics in 
Cardiovascular Disease. 284 pp. Ple¬ 
num. $32.50. 


Order. 246 pp. Pergamon Press. 
$15.50. 

Cotman, Carl W., & James L, McGaugh, 
Behavioral Neuroscience: An Intro¬ 
duction , 838 pp. Academic Press, 
119.95. 

Cox, B., et al., eds. Thermoregulatory 
Mechanisms and Their Therapeutic 
Implications. Proc. 4th Internat. 
Symp., Oxford, 1979.303 pp. Basel: S. 
Karger. $42.50. 

Crompton, D. W. T., & S. M, Joyner. 
Parasitic Worms . Wykeham Science 


Effect on Disposal and Utilization. 
Proc,' Symp., Hatfield Polytechnic, 
Herts., UK, 1979.337 pp. Wiley-Inter¬ 
science, 1979. $40, 

Hajdu, Steven I. Pathology of Soft Tissue 
Tumors. 599 pp. Lea & Febiger, 1979, 
$65. 

Harm, Walter, Biological Effects of Ul¬ 
traviolet Radiation. IUPAB Biophysics 
Series, 1.216 pp, Cambridge University 
Press. $24,95 cloth, $8.95 paper, 

Harrison, Richard M,, & David E, Wildt, 
eds. Animal Laparoscopy. 256 pp. 
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Williams and Wilkins. No price torn, 2nd ed.,Vol. 3.446 pp. Academic Parish, J. H., ed, Developmental Biology 

given. Press. No price given. Q f Prokaryotes. Studies in Microbiol- 

Hecht, Max K,, William C, Steere, Bruce Levitt, J, Responses of Plants to Envi • 0 gy, 1.297 pp. University of California 
Wallace, eds. Evolutionary Biology, ronmental Stresses, 2nd ed., Vol. 1: Press, 1979. $48.50. 

Vol, 12,388 pp. Plenum, $32.50, Chilling, Freezing, and High Tern- Prasad, Kedar N. Regulation of Differ- 

Hershey, Daniel, & Hsuan-Hsien Wang. perature Stresses. Physiological entiation in Mammalian Nerve Cells. 

A New Age-Scale For Humans. 156 pp. Ecology. 497 pp. Academic Press. 245 pp. Plenum. $24.50. 

Lexington Books, $19.95. $29.50, Purich, Daniel L., ed. Enzyme Kinetics 

Hickey, Tom. Health and Aging. Series Lewis, D, Brian, & D. Michael Gower. and Mechanism. Methods in Enzy- 

in Social Gerontology. 192 pp. Brooks/ Biology of Communication. Tertiary mology, Vol. 64, Part B: Isotopic Probes 

Cole, Paper, no price given. Level Biology. 239 pp. Halsted Press. and Complex Enzyme Systems. 418 

Hiromi, Keitaro. Kinetics of Fast Enzyme $27.95, pp, Plenum. $35. 

Reactions: Theory and Practice. 346 Lewis, Walter H., ed. Polyploidy: Bio - Randall, James E. Microcomputers and 

pp. Halsted Press, 1979. $47.50. logical Relevance. Basic Life Sciences, Physiological Simulation. 235 pp. 

Hochachka, Peter W. Living Without 13.584 pp. Plenum. $55. Addison-Wesley. $14.50 paper. 

Oxygen: Closed and Open Systems in Lillegraven, Jason A,, Zofia Kielan- Read, Stanley, E., & John B. Zabriskie, 
Hypoxia Tolerance. 181 pp. Harvard Jaworowska, William A, Clemens, eds. eds. Streptococcal Diseases and the 

University Press. $17,50. Mesozoic Mammals: The First Two- Immune Response. Proc. Symp,, 

Holm, Leroy, et al, A Geographical Atlas Thirds of Mammalian History. 311 pp. Trinidad, 1977. 830 pp.. Academic 

of World Weeds. 391 pp. Wiley-Inter- University of California Press, 1979. Press. $45. 

science, 1979. $35. $35 cloth, $9,75 paper. Richards, V., ed. Current Cancer Immu- 

Inouye, Masayori, ed , Bacterial Outer Line, Leg, & George Reiger. The Audubon nology. Progress in Experimental 

Membranes: Biogenesis and Func- Society Book of Marine Wildlife. 239 Tumor Research, 25.295 pp. Basel: S. 

tions. 534 pp. Wiley-Interscience, 1979, pp. Harry N. Abrams. $45. Karger. $94.50. 

$ 50 , LoBue, Joseph, et al., eds. Contemporary Rimm, Alfred A., et al. Basic Biostatistics 

Johnston, Francis E., Alex F. Roche, Hematology I Oncology, Vol. 1.330 pp. in Medicine and Epidemiology. 353 pp. 

Charles Susanne, eds. Human Physical Plenum. $29.50. _ Appleton-Century-Crofts. $16.50 

Growth and Maturation: Meihodolo- McLaughlin, Patsy A, Comparative paper, 
gies and Factors. NATO Advanced Morphology of Recent Crustacea. Ill Rose, A. H„ ed. Secondary Products of 
Study Institutes, Series A: Life Sci- pp. W, H. Freeman. $21.50. Metabolism. Economic Microbiology, 

ences, 30. Plenum. $42.50. Mange, Arthur P., & Elaine Johansen 3. 595 pp. Academic Press, 1979. 

Kaye, Alvin M., & Myra Kaye, eds. De- Mange. Genetics: Human Aspects. 675 $78.50. 

velopment of Responsiveness to Ste- pp. Saunders/Holt, Rinehart & Win- Ryder, Edward J. Leafy Salad Vegeta- 

roid Hormones. Proc. Conf., Rehovot, ston, No price given. _ bles. 266 pp. AVI Publishing, 1979. 

Israel, 1978, 483 pp. Pergamon Press. Martof, Bernard S., et al. Amphibians $20. 

$66. and Reptiles of the Carolinas and Sadegh-zadeh, Kazem, ed. Metamedicine: 

Kerkut, G. A„ & J. W. Phillis, eds. Prog- Virginia. 264 pp, University of North An International Journal for Philos- 

ress in Neurobiology, Vol. 12.322 pp, Carolina Press. $14.95. ophy and Methodology of Medicine, 

Pergamon Press, 1979. $61. Mendelson, Wallace B, The Use and Vol. 1, No. 1.132 pp. D. Reidel. $68 

Keyser, J. W. Human Plasma Proteins: Misuse of Sleeping Pills: A Clinical inst., $25 indiv. 3X/yr subscr. 

Their Investigation in Pathological Guide. 220 pp. Plenum, $22.50. Sammes, P. G., ed. Topics in Antibiotic 

Conditions. 320 pp. Wiley-Interscience, Milan, F. A., ed. The Human Biology of Chemistry, Vol. 3.: Mechanism of 

1979, $50.95. Circumpolar Populations. Interna- Action of Nalidixic Acid and Its Con- 

Kimmel, H. D., E. H, van Olst, J. F. Or- tional Biology Programme, 21.381 pp. geners, New 0-Lactam Antibiotics. 203 

lebeke, eds. The Orienting Reflex in Cambridge University Press. $75. pp. Halsted Press. $59.50, 

Humans. Proc, Internal Conf., Leeu- Monroy, A., & A. A. Moscona. Introduc - Scott, Sir Ronald Bodley. Cancer: The 
wenhorst Conf. Center, The Nether- tory Concepts in Developmental Facts. 208 pp. Oxford University Press, 

lands, 1978. 747 pp. Halsted Press, Biology. 252 pp, University of Chicago 1979. $11.95. / 

1979. $49.96. Press, 1979. $16, Sherman, Alan, & Sharon J. Sherman. 

Kremmer, Tibor, & Laszl6 Boross. Gel Moskalenko, Yu. E., et al. Biophysical The Elements of Life: An Approach to 

Chromatography: Theory, Methodol- Aspects of Cerebral Circulation. Trans. Chemistry for the Health Sciences. 531 

ogy, Applications. 298 pp. Wiley-In- Ruth Schachter. 164 pp. Pergamon pp, Prentice-Hall. $17.95, 

terscience, 1979, $45. Press. $41. Singhal, R. L., & J. A, Thomas, eds. Lead 

Krieger, Dorothy T„ & Joan C. Hughes, Newell, Richard C. Biology of Intertidal Toxicity. 514 pp. Urban & 

eds. Neuroendocrinology. A Hospital Animals, 3rd ed. 781 pp. Faversham, Schwarzenberg, $39.50. 

Practice Book. 352 pp. Sinauer. Kent, UK: Marine Ecological Surveys, Skutch, Alexander F. The Imperative 

$22.95. 1979. £22. Call: A Naturalist's Quest in Ten i- 

Kulae'v, I. S, The Biochemistry oflnor- Nieburgs, Herbert E., ed. Prevention and perate and Tropical America. 331 pp. 

ganic Polyphosphates. Trans. R. F. Detection of Cancer, Part 2 '.Detection, University Presses of Florida, 1979. 

Brookes, 255 pp. Wiley-Interscience, Vol. 2: Cancer Detection in Specific $20. , 

1979, $48.95. Sites, 1153 pp. Marcel Dekker. Smith, Robert Leo. Ecology and held 

Kumar, Sudhir, ed. Biochemistry of $69.50. , , Biology, 3rd ed. 835 pp. Harper & How. 

Brain. 625 pp. Pergamon Press. $100, Norwood, Christopher. At Highest Risk: $18.95. 

Landau, Barbara R. Essential Human Environmental Hazards to Young and Sobell, Linda Garter, Mark B. Sobell, 

Anatomy and Physiology, 2nd ed. 718 Unborn Children. 280 pp. McGraw- Elliott Ward, eds. Evaluating Alcohol 

pp. Scott, Foresman. $19.95. Hill. $10.95. and Drug Abuse Treatment Effec- 

Leake, Lucy D., & Robert J, Walker. In- Oppenheimer, Steven P. Introduction to tiueness. 188 pp. Pergamon Press. 
vertebrate Neuropharmacology. 358 Embryonic Development. 404 pp, $20. 

pp, Halsted Press, $59.95, Allyn and Bacon. $18,95. Soil Conservation Policies: An Assess- 

Leaver, C. J., ed. Genome Organization Qrians, Gordon H. Some Adaptations of ment, 154 pp. Ankeny, IA: Soil Con- 

and Expression in Plants. NATO Ad- Marsh-nesting Blackbirds. Mono- servation Society of America, 1979. 

vanced Study Institutes, Series A: Life graphs in Population Biology, 14.295 $6.50 paper. 

Sciences, 29.607 pp. Plenum. $59.50. pp. Princeton University Press. $18 Staples, Richard G, & Ronald J. Kuhr, 

Lennarz, William J., ed. The Biochemis- cloth, $7.95 paper. eds, Linking Research to Crop Pro- 

try of Glycoproteins and Proteogly- Paik, Woon Ki, & Sangduk Kim, Protein duction. Proc. Boyce Thompson In¬ 
cans. 381 pp. Plenum. $35. Methylation, Biochemistry, 1.282 pp. stitute, Cornell Univ., 1979.235 pp. 

Lee, S.D,,ed. Nitrogen Oxides and Their Wiley-Interscience. $27.50. Plenum. $29.50. 

Effects on Health, 382 pp. Ann Arbor Parikh, C. K, Parikh’s Text Book of Spiro, Thomas G„ ed. Nucleic. Acid- 
Science. $33,95. Medical Jurisprudence and Toxicol- Metal Ion Interactions. Metal Ions in 

Levandowsky, M., & S. H. Hutner, eds. ogy, 3rd ed. 1091 pp. Pergamon Press, Biology, 1.256 pp. Wiley-Interscience. 

Biochemistry and Physiology of Pro- 1979. $79, $24.50. 
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Steinberg, Franz U. The Immobilized 
Patient: Functional Pathology and 
Management. Topics in Bone and 
Mineral Disorders. 156 pp. Plenum. 
$16.50. 

Svennerholm, Lars, et al, eds. Structure 
and Function of Gangliosides. Ad¬ 
vances in Experimental Medicine and 
Biology, 125,571 pp. Plenum. $49,50. 
Swift, M, J., O. W. Heal, J. M. Anderson. 
Decomposition in Terrestrial Ecosys¬ 
tems. Studies in Ecology, 5. 372 pp. 
University of California Press, 1979, 
$48.50, 

Tanford, Charles. The Hydrophobic Ef¬ 
fect: Formation of Micelles and Bio¬ 
logical Membranes, 2nd ed. 233 pp. 
Wiley-Interscience. $18.50. 

Texon, Meyer. Hemodynamic Basis of 
Atherosclerosis. 95 pp. Hemisphere/ 
McGraw-Hill, No price given. 

Thomas, Jack Ward, ed. Wildlife Habi¬ 
tats in Managed Forests: The Blue 
Mountains of Oregon and Washington. 
Agriculture Handbook 553. 572 pp. 
Washington, DC: U.S. Government 
Printing Office, 1979. $14 paper. 

Thys, J. P., J. Klastersky, E. Yourassow- 
sky, eds. Aerobic Gram-Negative 
Bronchopneumonias. Proc. Symp,, 
Brussels, 1978. 183 pp. Pergamon 
Press, $25. 

Tortora, Gerard J. Principles of Human 
Anatomy, 2nd ed. 655 pp, Harper & 
Row. $19.95. 

Tseng, C. Howard, ed, Atlas of Ultra¬ 
structure: Ultrastructural Features in 
Pathology. 400 pp. Appleton-Cen¬ 
tury-Crofts. $26.50. 

Unanue, Emil R,, & Alan S. Rosenthal, 
eds. Macrophage Regulation of Im¬ 
munity. Proc. Conf., Augusta, MI, 
1979.523 pp. Academic Press. $27.50. 
Vander, Arthur J, Renal Physiology, 2nd 
ed, 200 pp. McGraw-Hill. $9,95 
paper. 

Vander, Arthur J., James H. Sherman, 
Dorothy S. Luciano. Human Physiol¬ 
ogy: The Mechanisms of Body Func¬ 
tion, 3rd ed. 724 pp. McGraw-Hill. 
$20.95.. 

Van der Spoel, S., & A. C, Pierrot-Bults, 
eds. Zoogeography and Diversity of 
Plankton. 410 pp. Halsted Press, 1979. 
$69.95. 

Venet, Louis, ed. Breast Cancer: A Prac¬ 
tical Guide to Diagnosis and Treat¬ 
ment. 181 pp. SP Medical and Scien¬ 
tific, 1979. $20. 

Verwoerd, Carel D. A., & Cornelia G. van 
Oostrom. Cephalic Neural Crest and 
Placodes. Advances in Anatomy, Em¬ 
bryology and Cell Biology, 58. 75 pp. 

S pringer-Verlag, 1979. $26.40 paper, 
Weiss, David W. Tumor Antigenicity and 
Approaches to Tumor Immunothera¬ 
py: An Outline. Current Topics in Mi¬ 
crobiology and Immunobiology, 89.83 
pp. Springer-Verlag,, $16,50. 

Weissman, Irving, ed. Annual Reviews 
Reprints: Immunology, 1977-1919 .466 
pp. Palo Alto, CA: Annual Reviews Inc. 
Paper, no price given. 

Williams, J. D., ea. Antibiotic Interac¬ 
tions. 183 pp. Academic Press, 1979. 
$23 

Williams, Theodore P., & B. N. Baker, 
eds. The Effects of Constant Light on 
Visual Processes. Proc. Symp., Florida 
State Univ., Tallahassee. 1979.455 pp. 
Plenum. $45. 


Winick, Myron, ed. Nutritional Man¬ 
agement of Genetic Disorders. Current 
Concepts in Nutrition, Vol. 8.231 pp. 
Wiley-Interscience, 1979. $24.50. 

Winter, David A. Biomechanics of 
Human Movement. Biomedical Engi¬ 
neering and Health Systems. 202 pp. 
Wiley-Interscience, 1979, $19.95. 

Wu, Ray, ed. Recombinant DNA. Meth¬ 
ods in Enzymology, 68.555 pp. Aca¬ 
demic Press, 1979. $46. 

Youdim, M. B. H., ed. Aromatic Amino 
Acid Hydroxylases and Mental Dis¬ 
ease. 390 pp. Wiley-Interscience. 
$63.25. 



Ecology and Environment 


Allen, Robert, How to Save the World: 
Strategy for World Conservation. 150 
pp. Barnes & Noble. $12.95, 

Beale, Jack G. The Manager and the 
Environment. Environmental Sciences 
and Applications, 10.211 pp. Pergamon 
Press. $28. 

Bewick, Michael W, M„ ed, Handbook of 
Organic Waste Conversion. Environ¬ 
mental Engineering Series. 419 pp. Van 
Nostrand Reinhold, $24.50. 

Biswas, Asit K,, ed. The Ozone Layer. 
Environmental Sciences and Applica¬ 
tions, 4.381 pp. Pergamon Press, 1979. 
$50 

Conway, Richard A., & Richard D, Ross. 
Handbook of Industrial Waste Dis¬ 
posal. Environmental Engineering 
Series. 565 pp, Van Nostrand Reinhold, 
$32.50. 

Energy and Environment , Readings from 
Scientific American. 230 pp, W. H, 
Freeman, $15.95 cloth, $8.95 paper. 
Gunther, Francis A., ed. Residue Reviews: 
Residues of Pesticides and Other 
Contaminants in the Total Environ¬ 
ment, Vol. 73.130 pp. Springer-Verlag. 
$21.80. 

Hinckley, Alden D. Renewable Resources 
in Our Future, Environmental Sciences 
and Applications, 8.121 pp. Pergamon 
Press, $6.75 paper. 

Lamb, Berton L,, ed. Water Quality Ad¬ 
ministration: A Focus on Section 208 , 
Man, the Community and Natural 
Resources, 280 pp. Ann Arbor Science. 
$ 20 . 

National Research Council. Board on 
Toxicology and Environmental Health 
Hazards. Odors from Stationary and 
Mobile Sources, 491 pp. National 
Academy of Sciences, 1979, $20,50 
paper. 

Overcash, Michael R., & James M. Da¬ 
vidson, eds .Environmental Impact of 
Nonpoint Source Pollution, 449 pp. 
Ann Arbor Science. $29.95. 

Pimentel, David, & Marcia Pimentel. 
Food, Energy and Society. Resource 
and Environmental Sciences Series. 165 
pp. Halsted Press, 1979, $10.95 paper. 
Stoel, Thomas B,, Jr,, Alan S. Miller, 
Breck Milroy, Fluorocarbon Regula- 
: tion: An International Comparison, 
306 pp. Lexington Books. $26,95. 
Thain, William. Monitoring Toxic Gases 
in the Atmosphere for Hygiene and 
Pollution Control, 159 pp. Pergamon 
Press. $23. 


Turk, Jonathan. Introduction to Envi¬ 
ronmental Studies. Golden Sunburst 
Senes in Environmental Science. 331 
pp. Saunders/Holt, Rinehart and 
Winston. $12.95 paper. 

Weinstein, Malcolm S. Health in the 
City: Environmental and Behavioral 
Influences. 92 pp. Pergamon Press. 
$ 10 , 

Welch, E. B. Ecological Aspects of Waste 
Water. 337 pp. Cambridge University 
Press. $28,50 cloth, $8.95 paper. 


Behavioral Sciences 

Al-Issa, Ihsan. The Psychopathology of 
Women. A Spectrum Book. 390 pp. 
Prentice-Hall. $16.95 cloth, $7.95 
paper. 

Barkin, Florence, & Elizabeth Brandt, 
eds. Speaking, Singing and Teaching: 
A Multidisciplinary Approach to 
Language Variation, Anthropological 
Research Papers, 20. 482 pp.Tempe, 
AZ: Department of Anthropology, 
University of Arizona. $10 paper. 

Bowlby, John. Loss: Sadness and De¬ 
pression. Attachment and Loss, Vol, 3. 
472 pp, Basic Books. $22.50. 

Bringuier, Jean-Claude. Conversations 
with Jean Piaget, Trans. Basia Miller 
Gulati, 143 pp. University of Chicago 
Press. $12.95. 

Cashdan, Asher, ed. Language, Reading 
and Learning. Ill pp, University Park 
Press, 1979. $11.95 paper. 

Chang, Kwang-Chih. Shang Civilization, 
417 pp. Yale University Press. $30. 

Chapman, Keith. People, Pattern and 
Process: An Introduction to Human 
Geography. 334 pp. Halsted Press, 
1979. $37.95. 

Coan, Richard W. Psychologists: Personal 
and Theoretical Pathways, 195 pp. 
Halsted Press, 1979. $18.95. 

Davidson, Julian M., & Richard J. Da¬ 
vidson, eds. The Psychobiology of 
Consciousness. 489 pp. Plenum. 
$32.50. 

Dimsdale, Joel E., ed, Survivors, Victims, 
and Perpetrators: Essays on the Nazi 
Holocaust. 474 pp. Hemisphere. 
$19.50. 

Edmunds, G., & D. C. Kendrick. The 
Measurement of Human Aggressive¬ 
ness . 223 pp. Halsted Press. $27,95. 

Feldman, David Henry. Beyond Univer¬ 
sal in Cognitive Development. Pub¬ 
lications for the Advancement of 
Theory and History in Psychology, 204 
pp. Norwood, NJ: Ablex. $17.50. 

Fleming, Stuart. Thermoluminescence 
Techniques in Archaeology. 233 pp. 
Oxford University Press, 1979. 
$39,50, 

Gardner, Howard. Artful Scribbles: The 
Significance of Children’s Drawings. 
280 pp. Basic Books. $15, 

George, William C., Sanford J. Cohn, 
Julian C. Stanley, eds. Educating the 
Gifted: Acceleration and Enrichment. 
Based on 9th Annual Hyman Blumberg 
Symposium, 242 pp. Johns Hopkins 
University Press, 1979. $16 cloth, $4.95 
paper, 

Gilbert, Joseph. Interpreting Psycho- 
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logical Test Data, Vol. 2: Behavioral 
Attribute Antecedent, 211 pp. Van 
Nostrand Reinhold. $16,95, 

Gliedman, John, & William Roth. The 
Unexpected Minority: Handicapped 
Children in America. 525 pp. Harcourt 
Brace Jovanovich, $17.95, 

Goffer, Zvi .Archaeological Chemistry: A 
Sourcebook on the Applications of 
Chemistry to Archaeology. Chemical 
Analysis, 55. 376 pp. Wiley-Inter¬ 
science. $24,95. 

Goldstein, Jeffrey H. Social Psychology. 

535 pp. Academic Press. $16.95. 
Gould, R, A. Living Archaeology. New 
Studies in Archaeology, 270 pp. Cam¬ 
bridge University Press. $27.50 cloth, 
$9,95 paper. 

Graham-Campbell, James. The Viking 
World. 219 pp. Ticknor & Fields. $25, 
Kaufmann, Geir. Visual Imagery and Its 
Relation to Problem Solving: A Theo¬ 
retical and Experimental Inquiry. 144 
pp. Columbia University Press, Paper, 
no price given, 

Kazdin, Alan E, Research Design in 
Clinical Psychology. 448 pp. Harper & 
Row. $16.95. 

Keeley, Lawrence H. Experimental De¬ 
termination of Stone Tool Uses: A 
Microwear Analysis. Prehistoric Ar¬ 
cheology and Ecology. 212 pp. Univer¬ 
sity of Chicago Press. $15 cloth, $7 
paper. 

Klausmeier, Herbert J., et al. Cognitive 
Learning and Development: Infor¬ 
mation-Processing and Piagetian 
Perspectives. 370 pp. Ballinger, 1979. 
$25. 

Kovar, Lillian Cohen, Wasted Lives: A 
Study of Children in Mental Hospitals 
and Their Families. 213 pp. Halsted 
Press, 1979. $16.95. 

Laughlin, William S,, & Albert B. Harper, 
eds. The First Americans: Origins, 
Affinities, and Adaptations, 340 pp. 
Deerfield Beach, FL: Verlag Chimie 
International, 1979, $29.80. 

Lockard, Joan S., ed. The Evolution of 
Human Social Behavior. 336 pp. El¬ 
sevier North-Holland. $22.95, 
McAllester, David P., & Susan W. McAl- 
lester. Hogans: Navajo Houses and 
House Songs, 113 pp. Wesleyan Uni¬ 
versity Press. $16,95. 

Marks, David, & Richard Kammann. The 
Psychology of the Psychic. 232 pp, 
Prometheus Books. $16.95 cloth, $8,95 
paper, 

Marmor, Judd, & Sherwyn M. Woods, 

, eda, The Interface Between the Psy¬ 
chodynamic and Behavioral Thera¬ 
pies. Critical Issues in Psychiatry, 377 
pp. Plenum,.$22,50,. 

Money, John, Love and Love Sickness: 
The Science of Sex, Gender Difference, 
and Pair-bonding. 266 pp. Johns 
Hopkins University Press. $16,95, 
Morris, Ronald W. B. The Prehistoric 
Rock Art of Galloway & the Isle of 
Man. 192 pp. Sterling, 1979, $17.95 
cloth, $13.95 paper, 

Osherson, Samuel D. Holding On or -Let- 
. ting Go: Men and Career Change at 
Midlife. 258 pp. Free Press, $19.95. 
Peacock, James, & A, Thomas Kirsch. 
The Human Direction: An Evolution¬ 
ary Approach to Social and Cultural ' 
Anthropology, 3rd ed. 333 pp. Pren¬ 
tice-Hail. $10.95 paper. 

Pervin, Lawrence A. Personality: Theory, 


Assessment, and Research, 3rd ed. 598 
pp, Wiley. $17.95. 

Pieraut-Le Bonniec, Gilberte, The De¬ 
velopment of Modal Reasoning: Gen¬ 
esis of Necessity and Possibility No¬ 
tions. Developmental Psychology, 171 
pp. Academic Press. $16.50. 

Pre-Columbian Archaeology. Readings 
from Scientific American. 211 pp. W. 
H. Freeman. $16 cloth, $8.50 paper. 

Rachman, S, J., & Clare Philips. Psy¬ 
chology and Behavioral Medicine. 164 
pp, Cambridge University Press, $19,95 
cloth, $5.95 paper. 

Rick, John W. Prehistoric Hunters of the 
High Andes, Studies in Archaeology. 
360 pp. Academic Press. $27.50. 

Rieber, R. W„ ed. Language Develop¬ 
ment and Aphasia in Children. Per¬ 
spectives in Neurolinguistics and Psy¬ 
cholinguistics. 236 pp. Academic Press. 
$16. 

Rubinstein, Moshe F., & Kenneth R, 
Pfeiffer. Concepts in Problem Solving. 
227 pp, Prentice-Hall. Paper, no price 
given. 

Sarason, Irwin G,, & Charles D. Spiel- 
berger. Stress and Anxiety, Vol. 6, Se¬ 
ries in Clinical and Community Psy¬ 
chology. 386 pp. Halsted Press, 1979, 
$ 22 , 

Schein, Edgar H, Organizational Psy¬ 
chology, 3rd ed, Foundations of Mod¬ 
ern Psychology, 274 pp. Prentice-Hall. 
No price given. 

Schiefelbusch, Richard L,, ed, Nonspeech 
Language and Communication: 
Analysis and Intervention. Language 
Intervention, 4,529 pp. University Park 
Press, $24,95. 

Schuyler, Robert L., ed, Archaeological 
Perspectives on Ethnicity in America: 
Afro-American and Asian American 
Culture History. 147 pp. Baywood. $6 
paper. 

Seamon, John G. Memory and Cognition: 
An Introduction. 261 pp, Oxford Uni¬ 
versity Press. $14.95 cloth, $7.95 
paper. 

Singleton, W. T,, P. Spurgeon, R, B. 
Stammers, eds. The Analysis of Social 
Skill. NATO Conference Series, 3: 
Human Factors, 11. 359 pp, Plenum, 
$35, 

Smith, Nancy R., & Margery B. Franklin, 
eds. Symbolic Functioning in Child¬ 
hood, Child Psychology, 240 pp, 
Halsted Press, 1979. $19,95, 

Solso, Robert L. Cognitive Psychology, 
499 pp. Harcourt Brace Jovanovich, 
1979. $17.95. 

Sullivan, George, Discover Archaeology: 
An Introduction to the Tools and 
Techniques of Archaeological Field- 
work 273 pp. Doubleday, $10,95, 

Shackley, Myra. Neanderthal Man. 149 
pp. Archon. $19.50, 

Staub, Ervin, ed, Personality: Basic As¬ 
pects and Current Research. 386 pp* 
Prentice-Hall. $17.95. 

Taylor, John. Science and the Super¬ 
natural. 180 pp, E. P. Dutton, $10.95, 

Thoman, Evelyn, ed. Origins of the In¬ 
fant’s Social Responsiveness. The 
Johnson & Johnson Baby Products 
Company Pediatric Round Table, 2. 
470 pp, Halsted Press, 1979. $29.95. 

Tomlinsoii-Keasey, Carol. Child’s Eye 
View: A New Way of Understanding 
the Development and Behavior of 
Children. 276 pp. St. Martin’s Press. 


$10.95. 

Trump, D. H. The Prehistory of the 
Mediterranean. 310 pp. Yale Univer¬ 
sity Press. $19.95. 

Tuma, D. T., & F. Reif, eds. Problem 
Soloing and Education: Issues in 
Teaching and Research. Proc. Conf., 
Carnegie-Mellon Univ., Pittsburgh, 
1978.212 pp. Halsted Press. $16.50. 

Wallerstein, Judith S., & Joan Berlin 
Kelly. Surviving the Breakup: Horn 
Children and Parents Cope with Di¬ 
vorce, Ml pp. Basic Books. $18.50. 

Warren, Mary Anne. The Nature of 
Woman: An Encyclopedia and Guide 
to the Literature, 708 pp. Point Reyes, 
CA: Edgepress. No price given. 

Wegner, Daniel M., & Robin R, Vallacher, 
eds. The Self in Social Psychology. 300 
pp. Oxford University Press. $12.50 
cloth, $6.95 paper. 

Wenke, Robert J. Patterns in Prehistory: 
Mankind's First Three Million Years. 
724 pp, Oxford University Press. $11.95 
paper. 

Wixman, Ronald. Language Aspects of 
Ethnic Patterns and Processes in the 
North Caucasus. Research Paper 191. 
243 pp. Chicago: Department of Geog¬ 
raphy, University of Chicago. $8 
paper. 

Zuckerman, Marvin. Sensation Seeking: 
Beyond the Optimal Level of Arousal. 
449 pp, Halsted Press, 1979. $29.95. 


Mathematics and 
Computer Science 

Artwick, Bruce A. Microcomputer In¬ 
terfacing, Series in Personal Comput¬ 
ing. 341 pp, Prentice-Hall, $18.95, 

Aschbacher, Michael. The Finite Simple 
Groups and Their Classification. 
Mathematical Monographs, 7.61 pp. 
Yale University Press. $6.95 paper. 

Burghes, D. N., & A. D. Wood. Mathe¬ 
matical Models in the Social, Man¬ 
agement and Life Sciences. Mathe¬ 
matics and Its Applications. 287 pp. 
Halsted Press. $38.95. 

Coffron, James W, Understanding ani 
Troubleshooting the Microprocessor. 
338 pp. Prentice-Hall. 

Colton, Kent W., & Kenneth L. Kraemer, 
eds. Computers and Banking: Elec¬ 
tronic Funds Transfer Systems and 
Public Policy. Applications of Modern 
Technology in Business. 309 pp. Ple¬ 
num. $25. 

Dollard, John D., & Charles N. Friedman. 
Product Integration with Applications 
to Differential Equations. Encyclope¬ 
dia of Mathematics and Its Applica¬ 
tions, 10. 263 pp. Addison-Wesley, 
1979. $24.50. 

Ecklof, Paul C. Set Theoretic Methods® 
Homological Algebra and Abelian 
Groups. SGminaire de MathematiquB 
Superieures, University de Montreal, 
1979.117 pp. Les Presses de ITJniv- 
ersit5 de Montreal. $9 paper. 

Edgington, Eugene S. Randomization 
Tests. Statistics: Textbooks and 
Monographs, 31.287 pp. Marcel Dek- 
ker. $29,50. 

Fleming, Walter, & Dale Varberg. Algebra 
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and Trigonometry. 521 pp. Prentice- 
Hall. $17.95. 

Plett, T. M. Differential Analysis: Dif¬ 
ferentiation, Differential Equations 
and Differential Inequalities. 359 pp. 
Cambridge University Press. $39.50. 
Golumbic, Martin Charles. Algorithmic 
Graph Theory and Perfect Graphs. 
Computer Science and Applied Math¬ 
ematics. 284 pp. Academic Press. 
$29.50. 

Gorenstein, Daniel. Finite Groups, 2nd 
ed. 519 pp. Chelsea. $22.50. 

Gorsline, G. W. Computer Organization: 
HardwarefSoftware. 309 pp. Pren¬ 
tice-Hall. $19.95. 

Graham, Alexander. Matrix Theory and 
Applications for Engineers and 
Mathematicians. Mathematics and Its 
Applications. 295 pp. Halsted Press, 
1979. $47.50, 

Groza, Vivian Shaw. College Algebra, 439 
pp. Saunders/Holt, Rinehart and 
Winston, No price given, 

Haeussler, Ernest F., & Richard S. Paul. 
Calculus: For the Managerial, Life, 
and Social Sciences. 573 pp. Reston. 
$16.95. 

Hardy, G. H., & E. M. Wright. An Intro¬ 
duction to the Theory of Numbers, 5th 
ed. 426 pp. Oxford University Press, 
1979. $49.95 cloth, $16.95 paper. 
Hoskins, R. F. Generalized Functions. 
Mathematics and Its Applications. 192 
pp. Halsted Press, 1979. $39.95. 
Hungerford, Thomas W., Richard Mercer, 
Sybil R. Barrier. Precalculus Mathe¬ 
matics, 642 pp. Holt, Rinehart and 
Winston. No price given. 

Hurley, James F, Intermediate Calculus: 
Multivariable Functions and Differ¬ 
ential Equations with Applications, 
726 pp. W. B. Saunders. No price 
given. 

Johnson, Ellis L. Integer Programming: 
Facets, Subadditivity, and Duality for 
Group and Semi-group Problems. 
CBMS-NSF Regional Conference Se¬ 
ries in Applied Mathematics, 32.68 pp, 
Philadelphia: Society for Industrial and 
Applied Mathematics. $9 paper. 

Jones, A. J. Game Theory: Mathematical 
Models of Conflict. Mathematics and 
Its Applications. 309 pp. Halsted Press. 
$45. 

Kolman, Bernard, & Robert E. Beck. El¬ 
ementary Linear Programming with 
Applications. Computer Science and 
Applied Mathematics. 399 pp. Aca¬ 
demic Press. $17.95. 

Kuratowski, Kazimierz. A Half Century 
of Polish Mathematics: Remembrances 
and Reflections. International Series 
in Pure and Applied Mathematics, 108. 
204 pp. Pergamon Press, $22. 

Liu, Pan-Tai, ed .Dynamic Optimization 
and Mathematical Economics, Math¬ 
ematical Concepts and Methods in 
Science and Engineering, 19. 269 pp. 
Plenum. $29.60. 

Lyczak, Richard A. Elementary Pro¬ 
gramming for Statistics: FORTRAN and 
basic Programming for Statistical 
Analysis. 197 pp. Duxbury Press. 
Paper, no price given. 

Manna, Zohar. Lectures on the Logic of 
Computer Programming. CBMS-NSF 
Regional Conference Series in Applied 
Mathematics, 31.49 pp. Philadelphia: 
Society for Industrial and Applied 
Mathematics. $7.50 paper. 


Meek, B. L., & P. M. Heath, eds. Guide to 
Good Programming Practice, Ellis 
Horwood Series in Computers and 
Their Applications. 181 pp. Halsted 
Press $2795 

Mitchell, A.'r‘ & D. F. Griffiths. The 
Finite Difference Method in Partial 
Differential Equations, 272 pp. 
Wiley-Interscience. $24.95. 

Pooch, Udo W., & Rahul Chattergy. 
Minicomputers: Hardware, Software, 
and Selection. 365 pp. St. Paul: West 
Publishing. No price given. 

Reed, George M., ed. Surveys in General 
Topology. 557 pp. Academic Press. 
$35. 

Rothenberg, Ronald I. Finite Mathe¬ 
matics: A Self-Teaching Guide. 283 pp. 
Wiley. $7.95 paper. 

Rozenberg, Grzegorz, & Arto Salomaa. 
The Mathematical Theory of L Sys¬ 
tems. Pure and Applied Mathematics. 
352 pp. Academic Press. $38. 

Sagan, Hans, & Carl Meyer, Jr. Ten Easy 
Pieces: Creative Programming for Fun 
and Profit. 179 pp. Hayden. $7.95 
paper. 

Strang, Gilbert. Linear Algebra and Its 
Applications, 2nd ed. 414 pp, Aca¬ 
demic Press. $17.95, 

Walker, J. A. Dynamical Systems and 
Evolution Equations: Theory and 
Applications. Mathematical Concepts 
and Methods in Science and Engi¬ 
neering, 20.236 pp. Plenum. $29.50. 

Weitzman, Cay. Distributed Micro/ 
Minicomputer Systems: Structure, 
Implementation, and Application. 403 
pp. Prentice-Hall. $22.50. 

Winograd, Shmuel. Arithmetic Com¬ 
plexity of Computations, CBMS-NSF 
Regional Conference Series in Applied 
Mathematics, 33.93 pp. Philadelphia: 
Society for Industrial and Applied 
Mathematics. $10.50 paper. 


Engineering and Applied 
Sciences 

Advances in Tunnelling and Subsurface 
Technology and Use. Proc. 5th ITA 
:• Meeting, Atlanta, 1979.108 pp. Per¬ 
gamon Press. $27 paper. 

Bell, John M., ed. Proceedings of the 34th 
Industrial Waste Conference. Purdue 
Univ., 1979.999 pp, Ann Arbor Science. 
$59.95. 

Biles, William E,, & James J. Swain. Op¬ 
timization and Industrial Experi¬ 
mentation. 368 pp. Wiley-Interscience. 
$32.50, 

Biswas, A. K., & W. G, Davenport, Ex¬ 
tractive Metallurgy of Copper, 2nd ed. 
International Series on Materials 
Science and Technology, 32. 438 pp. 
Pergamon Press. $50 doth, $20 
paper. 

Blake, Lamont W, Radar Range-Perfor¬ 
mance Analysis. 443 pp. Lexington 
Books. $29.95. 

Bober, William, & Richard A. Kenyon. 

Fluid Mechanics, Wiley. $22,95. 
Boyen, John L, Thermal Energy Recov¬ 
ery, 2nd ed. 346 pp. Wiley-Interscience. 
$27.50. 

Bruton, Leonard T. RC-Active Circuits: 


Theory and Design. Electrical and 
Computer Engineering. 523 pp. Pren¬ 
tice-Hall. $29.95, 

Carson, J. W., & T. Rickards. Industrial 
New Product Development: A Manual 
for the 1980s. 166 pp. Halsted Press, 
1979. $29,95. 

Chigier, N. A., ed. Gas Dynamics in 
Combustors. Progress in Energy and 
Combustion Science, 4.282 pp. Perga¬ 
mon Press, 1979. $65. 

Colloms, Martin. High Performance 
Loudspeakers, 2nd ed. 245 pp. Halsted 
Press, $21.95. 

Cook, T. M., & D. J, Cullen. Chemical 
Plant and Its Operation, 2nd SI ed. 
Library of Industrial and Commercial 
Education and Training: Chemical In¬ 
dustry Division. 173 pp. Pergamon 
Press. $16.50 cloth, $7,95 paper. 
Cracknell, A. P, Ultrasonics. Wykeham 
Science Series, 55.200 pp. Crane, Rus- 
sak, Paper, no price given. 

Donaldson, Hamish. Designing a Dis¬ 
tributed Processing System. 233 pp. 
Halsted Press, 1979, $34.95. 

Dworsky, Lawrence N. Modem Trans¬ 
mission Line Theory and Applications. 
236 pp. Wiley-Interscience, 1979. 
$18.50. 

Elmer, William B. The Optical Design of 
Reflectors, 2nd ed. Pure and Applied 
Optics. 290 pp. Wiley. $24.95. 
Eschenfelder, A. H. Magnetic Bubble 
Technology. Series in Solid-State Sci¬ 
ences, 14, 317 pp. Springer-Verlag. 
$49.80. 

Ezell, John Samuel. Innovations in En¬ 
ergy: The Story of Kerr-McGee. 542 
pp. University of Oklahoma Press, 
1979. $17.50. 

Ferry, David K,, J. R. Barker, C. Jacoboni, 
eds. Physics of Nonlinear Transport in 
Semiconductors. NATO Advanced 
Study Institutes, Series B: Physics, 52. 
614 pp. Plenum. $65. 

Fontana, Mars G., & Roger W. Staehle, 
eds. Advances in Corrosion Science 
and Technology, Vol. 7.365 pp. Ple¬ 
num. $39.50. 

Friend, Wayne Z. Corrosion of Nickel- 
Base Alloys. Corrosion Monograph 
Series. 459 pp. Wiley-Interscience. 
$39.95, 

Gibson, J. E, Thin Shells: Computing and 
Theory, Structures and Solid Body 
Mechanics. 289 pp. Pergamon Press. 
$34 cloth, $16.75 paper. 

Happ, H. H, Piecewise Methods and 
Applications to Power Systems, Series 
on Systems Engineering and Analysis. 
405 pp. Wiley-Interscience. $29.95. 
Hardison, Thomas B. Introduction to 
Kinematics, 272 pp. Reston, 1979. 
$17.95. 

Harvey, P, E. Pressure Component Con¬ 
struction-Design and Materials Ap¬ 
plication, rev. ed. 479 pp. Van Nos¬ 
trand Reinhold. $24,95. 

Hayward, Alan T. J. Flowmeters: A Basic 
Guide and Source-Book for Users. 197 
pp. Halsted Press, 1979. $24,95. 
Herbert, Herman, ed. Treatise on Mate¬ 
rials Science and Technology, Vol. 19: 
Experimental Methods, Part A, 263 
pp. Academic Press. $32. 

Hirschhorn, Howard H. Writing for 
Science, Industry, and Technology. 
265 pp. D. Van Nostrand. $13.95. 
Hughes, William F. An Introduction to 
Viscous Flow. Thermal and Fluids 
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Engineering. 219 pp. Hemisphere/ 
McGraw-Hill, 1979. $23.50, 

Irons, Bruce, and Sohrab Ahmad. Tech¬ 
niques of Finite Elements. Ellis Hor- 
wood Series in Engineering Science. 529 
pp, Halsted Press. $72.50. 

Johnson, Ray C. Optimum Design of 
Mechanical Elements, 2nd ed, 519 pp. 
Wiley-Interscience. $29.95, 

Klempner, Daniel, & Kurt C. Frisch, eds. 
Polymer Alloys 2: Blends, Blocks, 
Grafts, and Interpenetrating Net¬ 
works. Polymer Science and Technol¬ 
ogy, 11.282 pp. Plenum. $35. 

Kollmann, Wolfgang, ed. Computational 
Fluid Dynamics. A von Karman Insti¬ 
tute Book. 612 pp. Hemisphere/ 
McGraw-Hill. $55. 

Kollmann, Wolfgang, ed. Prediction 
Methods for Turbulent Flows. A von 
Karman Institute Book. 468 pp. 
Hemisphere/McGraw-Hill. $47,50. 

Lafferty, J. M., ed. Vacuum Am: Theory 
and Application. 372 pp. Wiley-In¬ 
terscience. $26.50. 

Lee, Lieng-Huang, ed, Adhesion and 
Absorption of Polymers, Vols. 12A and 
12B. Polymer Science and Technology, 
897 pp. Plenum. $39.75 each. 

Marchuk, G, I., et al. The Monte Carlo 
Methods in Atmospheric Optics. Series 
in Optical Sciences, 12. 208 pp. 
Springer-Verlag. $29.80. 

Masters, K. Spray Drying Handbook, 3rd 
ed. 687 pp. Halsted Press, 1979, 
$79.95. 

Mattavi, James N,, & Charles A. Amann, 
eds. Combustion Modeling in Recip¬ 
rocating Engines. General Motors 
Symp, Series. 605 pp, Plenum. 
$69.50. 

Milnes, A. G. Semiconductor Devices and 
Integrated Electronics . 999 pp. Van 
Nostrand Reinhold. $26.50. 

Munasinghe, Mohan. The Economics of 
Power System Reliability and Plan¬ 
ning: Theory and Case Study. A World 
Bank Research Publication. 323 pp, 
Johns Hopkins University Press, 1979 
$15 cloth, $5.95 paper. 

Muvdi, B. B.,& J. W. McNabb. Engi¬ 
neering Mechanics of Materials. 772 
pp. Macmillan. $23,95. 

Myhra, David, Energy Plant Sites: 
Community Planning for Large 
Projects. 258 pp. Atlanta: Gonway 
Publications. $35 paper, 

Olsen, G. H. The Beginner’s Book of 
Electronics, rev. ed. A Spectrum Book. 
305 pp, Prentice-Hall. $17.95 cloth, 
$6,95 paper. 

Oppenheim, A, K. Gasdynamics of Ex¬ 
plosions and Reactive Systems. Proc, 
6th Colloquium, Stockholm, 1977.1015 
pp. Pergamon Press. $80. 

0zi§ik, M. Necati. Heat Conduction, 687 
pp. Wiley-Interscience. $28, 

Patankar, Suhas V. Numerical Heat 
Transfer and Fluid Flow. Series in 
Computational Methods in Mechanics 
and Thermal Sciences. 197 pp. Herai- 
sphere/McGraw-Hill, $22,50, 

Phillips, Richard D„ et al, eds, Biological 
Effects of Extremely Low Frequency 
Electromagnetic Fields, DOE Sym¬ 
posium Series, 50. CONF-781016,577 
pp. Springfield, VA: NTIS, 1979. $10.50 
paper, 

Pister, Karl S., ed. Structural Engineer¬ 
ing and Structural Mechanics: A Vol¬ 
ume Honoring Egor P. Popov. 445 pp. 
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Prentice-Hall. $28.50. 

Pojasek, Robert B., ed, Toxic and Haz¬ 
ardous Waste Disposal, Vol. 3: Impact 
of Legislation and Implementation on 
Disposal Management Practices. 205 
pp. Ann Arbor Science. $39.95, 

Poloujadoff, Michel. The Theory of Lin¬ 
ear Induction Machinery. Monographs 
in Electrical and Electronic Engineer¬ 
ing. 276 pp. Oxford University Press. 
$42. 

Ranney, M. William, ed. Functional 
Fluids for Industry, Transportation 
and Aerospace. Chemical Technology 
Review, 155.364 pp. Noyes Data. $45. 

Rezk, A. M. A,, ed. Heat and Fluid Flow 
in Power System Components. Science 
and Applications of Heat and Mass 
Transfer. 308 pp, Pergamon Press, 
1979. $47. 

Rhodes, J., & A. C. Walker, eds. Thin- 
walled Structures: Recent Technical 
Advances and Trends in Design, Re¬ 
search and Construction. Proc. Conf., 
Univ. of Strathclyde, Glasgow, 1979. 
796 pp. Halsted Press. $49.95. 

Robertson, John A._, & Clayton T. Crowe. 
Engineering Fluid Mechanics, 2nd ed. 
661 pp. Houghton Mifflin. $22.95. 

Rosenberger, F, Fundamentals o/ Crystal 
Growth 1: Macroscopic Equilibrium 
and Transport Concepts. Solid-State 
Sciences, 5. 530 pp. Springer-Verlag, 
1979. $39.50, 

Rosenblueth, Emilio, ed. Design of 
Earthquake Resistant Structures. 295 
pp, Halsted Press. $44,95. 

Schetzen, Martin. The Volterra and 
Wiener Theories of Nonlinear Sys¬ 
tems. 531 pp, Wiley-Interscience, 
$28.50. 

Schild, Erich, et al. Structural Failure in 
Residential Buildings, Vol. 2: External 
Walk and Openings. Trans, Sheila 
Bacon. 154 pp, Halsted Press, 1979. 
$27.95, 

Schneck, Daniel J., ed. Biofluid Me¬ 
chanics, Vol. 2. 519 pp. Plenum. 
$59,50. 

Schwartz, Mischa. Information Trans¬ 
mission, Modulation, and Noise:^ A 
Unified Approach to Communication 
Systems, 3rd ed. Communications and 
Information Theory, 646 pp, 
McGraw-Hill. No price given. 

Sorensen, Bent, Renewable Energy. En¬ 
ergy Science and Engineering: Re¬ 
sources, Technology, Management. 683 
pp. Academic Press, 1979, $46. 

Soroko, L. M. Holography and Coherent 
Optics. Trans, Albin Tybulewicz. 818 
pp, Plenum. $59.50. 

St-Pierre, L. E., & G. R. Brown, eds. Fu¬ 
ture Sources of Organic Raw Materi- 
als—CHEMRAWN 1. Proc. World 
Conf., Toronto, 1978.651 pp. Pergamon 
Press, $45. 

Verma, Rajni K. Master Tables for 
Electromagnetic Depth Sounding In¬ 
terpretation. IFI Data Base Library. 
473 pp. Plenum. $75. 

Walker, G, Stirling Engines. 532 pp. Ox¬ 
ford University Press. $89, 

Weinberg, Gerald M,, & Daniela 
Weinberg. On the Design of Stable 
Systems. Series on Systems Engineer¬ 
ing and Analysis. 353 pp. Wiley-Inter¬ 
science, 1979. $21,50. 

Wells, G. L. Safety in Process Plant De¬ 
sign. 276 pp. Halsted Press, $59.95. 

Willeke, Klaus, ed. Generation of Aero¬ 


sols and Facilities for Exposure Ex¬ 
periments. 597 pp. Ann Arbor Science. 
$33.95. 

Williams, D. G., & B. Aalami. Thin Plate 
Design for in-Plane Loading. Con- 
strado Monographs. 210 pp. Halsted 
Press, 1979. $39.95. 

Wilson, John I. B. Solar Energy. Wyke- 
ham Science Series, 56.196 pp. Crane, 
Russak, 1979. $15.95 paper. 

Winkel, David, & Franklin Prosser. The 
Art of Digital Design: An Introduction 
to Top-Down Design. 498 pp. Pren¬ 
tice-Hall. $24.95, 


History and Philosophy of 
Science 


Butti, Ken, & John Perlin, A Golden 
Thread: 2500 Years of Solar Architec¬ 
ture and Technology. 289 pp. Van 
NoBtrand Reinhold. $15.95. 

Cohen, Morris L., Naomi Ronen, Jan 
Stepan, eds. Law & Science: A Selected 
Bibliography. 155 pp. MIT Press. 
$ 15 . 

Edwards, Jonathan. Scientific and.Phil¬ 
osophical Writings. Wallace E. An¬ 
derson, ed. Works of Jonathan Ed¬ 
wards, 6.433 pp. Yale University Press. 
$25. 

Gehlen, Arnold. Man in the Age of 
Technology. Trans, Patricia Lipscomb. 
European Perspectives. 185 pp. Co¬ 
lumbia University Press. $15. 

Goldstein, Thomas. Dawn of Modern 
Science: From the Arabs to Leonardo 
da Vinci. 297 pp. Houghton Mifflin. 
$12.95. 

McGraw-Hill Modern Scientists and 
Engineers, Vol 1.465 pp. Vol. 2.449 
pp. Vol. 3.452 pp. No price given. 

Martin, Brian. The Bias of Science. 100 
pp. Forest Grove, OR: ISBS, 1979, SO 
paper. 

Morowitz, Harold l The Wine of Life: 
And Other Essays on Societies, Energy 
and Living Things. 265 pp. St. Martin’s 
Press, 1979. $10. 

National Research Council. Committee 
on the Education and Employmentof 
Women in Science and Engineering. 
Women Scientists in Industry and 
Government: How Much Progress in 
the 1970‘'s? 56 pp. National Academy of 
Sciences. $5 paper. 

Park, David. The Image of Eternity: 
Roots of Time in the Physical World. 
149 pp, University of Massachusetts 
Press. $14,50, 

Peschel, Enid Rhodes, ed. Medicine and 
Literature , 199 pp. Neale Watson. 
$15. 

Schreiber, Howard G. The Philosophy if 
Life and the Universe. 169 pp. Vantage 
Press. $6,50. 

Scheffer, Victor B. Adventures of a 
Zoologist. 204 pp. Scribner’s. $10. 

Smith, Alice Kimball, & Charles Weiner, 
eds. Robert Oppenheimer: Letters and 
Recollections. 376 pp. Harvard Uni¬ 
versity Press. $20. 

Werskey, Gary. The Visible College: The 
Collective Biography of British Sci¬ 
entific Socialists of the 1930s. 376 pp. 
Holt, Rinehart and Winston, 1978. 
$12.95. , 


National Officers and Standing Committees 
of Sigma Xi 1980-81 



National Officers 

Presfcfenf( 1980-81) 

Herbert E. Longenecker 

3443 Esplanade Avenue, New Orleans, 

LA 

President-elect (1980-81) 

William A. Nlerenberg 
Scripps Institution of Oceanography 
La Jolla, CA 
Executive Director 
Thomas T. Holme 

345 Whitney Avenue, New Haven, CT 
Treasurer 
Gordon B. Carson 
Northwood Institute, Midland, Ml 
Immediate Past President (1979) 

Melvin Kranzberg 

Georgia Institute of Technology, Atlanta, 
GA 

Board of Directors 

The President, President-elect, Executive 
Director, Treasurer, Immediate Past 
President, eighteen elected members 
(twelve regional and six at-large), and the 
chairmen of the following committees: 
Qualifications, Membershlp-at-Large, In¬ 
ternational Membership, Awards, Lec¬ 
tureships, Publications, Nominations, and 
Science and Society. 


Regional Directors 
Northeast 

Evan B. Douple (1981-82) 

Dartmouth Medical School, Hanover, NH 
J. Sfallard Waterhouse (1982-83) 

State University College, Plattsburgh, NY 
North Central 

Robert M. Whitney (1981-82) 

University of Illinois, Urbana, IL 
M. Patricia Faber (1980-81) 

Barat College, Lake Forest, IL 
Northwest 

Ernest Gilmour (1982-83) 

Eastern Washington University, Cheney, 
WA 

Kenneth Rowe (1980-81) 

Oregon State University, Corvallis, OR 
Mid-Atlantic 

David McLaughlin (1981-82) 

Howard University, Washington, DC 
David D. Moran (1982-83) 

David W. Taylor Ship Ctr„ 
Bethesda, MD 

Southeast 

Calvin A. Lang (1980-81) 

University of Louisville, Louisville, KY 
Gerald H. Elkan (1982-83) 

North Carolina State University, Raleigh, 
NC 


Dlrectors-at-Large 
John W, Prados (1980-81) 

University of Tennessee, Knoxville, TN 
J. Forbes McClellan (1980-81) 

Colorado State University, Fort Collins, 
CO 

Lawrence M. Kushner (1981-82) 

Mitre Corporation, McLean, VA 
Ronald E. Stacker (1981-82) 

San Jose State University, San Jose, CA 
Patricia Fallla (1982-83) 

Argonne National Laboratory, Argonne, IL 
Harvey A. Bender (1982-83) 

University of Notre Dame, Notre Dame, 

IN 


Southwest 

Glenn Russell (1980-81) 

University of Texas Medical Branch, 

Galveston, TX 

Mary Lee Barber (1981-82) 

California State University, Northrldge, 
CA 

Executive Committee 

The President, President-elect, Treasur¬ 
er, Immediate Past President; a Dlrector- 
at-Large: Lawrence M. Kushner; a Re¬ 
gional Director; M. Patricia Faber; and a 
Committee Chairman: V. Elvlng An¬ 
derson 


Standing Committees 
Policy and Evaluation 


Budget 


The Treasurer, Chairman, President, 
President-elect, Executive Director, and 
M. Patricia Faber 
Barat College, Lake Forest, IL 

John W. Prados 

University of Tennessee, Knoxville, TN 


Finance 


The Treasurer, Chairman, President, Ex¬ 
ecutive Director, and 

Brage Golding 

Kent State University, Kent, OH 

Arnold Ott 

3368 Hidden Hills SE, Grand Rapids, Ml 


Audit Review 


The Treasurer, Chairman, and 

Edward J. Poziomek 

Chemical Systems Laboratory, Aberdeen 

Proving Ground, MD 

Franklyn B. Van Houten 

Princeton University, Princeton, NJ 


Long-Range Planning 


The Past President, Chairman, President, 
President-elect, Treasurer, and (by terms) 
Charles A. Walker (1980-81) 

Yale University, New Haven, CT 
M. Patricia Faber (1981-82) 

Barat College, Lake Forest, IL 
Hal G. Moore (1982-83) 

Brigham Young University, Provo, UT 
Lawrence M. Kushner (1983-84) 

Mitre Corporation, McLean, VA 
Patricia Failla (1984-85) 

Argonne National Laboratory, Argonne, IL 
Frederick W. Crawford (1985-86) 
Stanford University, Stanford, CA 

Organization and Membership 


Qualifications 


Frank C. Croxton, Chairman (1980-81) 
1921 Collingswood Road, Columbus, OH 

Violet M. Dlller 

University of Cincinnati, Cincinnati, OH 

Patricia Failla 

Argonne National Laboratory, Argonne, IL 

J. Forbes McClellan 

Colorado State University, Fort Collins 







David McLaughlin 

Howard University, Washington, DC 

Thomas F. McNamara 

State University of New York, Stony Brook 

Armlger Sommers 

Abbott Laboratories, North Chicago, IL 

Ronald E. Stecker 

San Jose State University, San Jose, CA 


Membership-at-Large 


Edward J. Poziomek, Chairman (1980- 
81) 

Chemical Systems Laboratory, Aberdeen 
Proving Ground, MD 

Harold G. Cassidy 

605 West Second Street, Madison, IN 

Patricia Pallia 

Argonne National Laboratory, Argonne, IL 

John Henderson 

Tuskegee Institute, Tuskegee, AL 

Leonora Mlrone 

51 Laurel Place, New Rochelle, NY 

David D. Moran 

David W. Taylor Ship R&D Ctr., Bethesda, 
MD 

Kenneth Rowe 

Oregon State University, Corvallis, OR 

Ronald E. Stecker 

San Jose State University, San Jose, CA 


International Membership 


Unton E. Grlnter, Chairman (1983-84) 
University of Florida, Gainesville, FL 

Arthur N, L, Chiu 

University of Hawaii, Manoa, Honolulu, HI 

AnnaF. Faull 

72 Fresh Pond Lane, Cambridge, MA 

John A. Hrones 

Case Western Reserve University 
Cleveland, OH 

Hans Oser 

National Bureau of Standards, Washington, 
DC 

Peter D.L. Roper 

900 Sherbrooke St., W., Montreal, Quebec, 
Canada 


Regions 


President-elect, Chairman, and the twelve 
regional directors 

Activities 


Awards 


Frankfyn B. Van Houten, Chairman 
(1980-81) 

Princeton University, Princeton, NJ 

476 American Scientist. Volume 68 


Harold G. Cassidy 

605 West Second Street, Madison, IN 

Dorothy Cunningham 
Hunter College, New York, NY 

William Dawson 

Univ. of Notre Dame, Notre Dame, IN 
Richard H. Goodwin 
Connecticut College, New London, CT 

M. Patricia Morse 

Northeastern University, Boston, MA 

Ralph E. Thorson 

Univ. of Notre Dame, Notre Dame, IN 
Karl M. Waage 

Yale University, New Haven, CT 


Meetings 


Executive Director, Chairman, and 
Frederick W. Crawford (1980) 

Stanford University, Stanford, CA 
J. Stallard Waterhouse (1981) 

State University College, Plattsburgh, NY 
John Wasacz (1982) 

172 Madison Rd., Scarsdale, NY 
James Provan (1983) 

McGill University, Montreal, Quebec, 
Canada 

Loren G. Martin (1984) 

Virginia Commonwealth University 
Richmond, VA 


Lectureships 


John W. Prados, Chairman (1980-81) 
University of Tennessee, Knoxville, TN 

Claude C. Albritton 

Southern Methodist University, Dallas, TX 

E. Jo Baker 

Georgia Institute of Technology, Atlanta 

R, Stephen Berry 

University of Chicago, Chicago, IL 

Dan I. Bolef 

Washington University, St, Louis, MO 

Peter Caws 

City University of New York, NY, NY 

Calvin A. Lang 

University of Louisville, Louisville, KY 

Bryce L. Munger 

Pennsylvania State University, Hershey 

Ellen M. Rasch 

East Tennessee State Univ., Johnson City 

Mary E. Reuder 

154 Charles Street, East Williston, NY 

Alfred Runte 

Baylor University, Waco, TX 


Publications 


Caryl P. Haskins, Chairman (1980-81) 
2100 M St., N.W., Washington, DC 
Thomas T. Holme (Executive Director), 
ex officio 

345 Whitney Avenue, New Haven, CT 
Jane V. Olson (Editor), ex officio 
345 Whitney Avenue, New Haven, CT 
Herbert S. Bailey, Jr. 

Princeton University Press, Princeton, NJ 
Joseph H, Kuney 

Informatics Inc., 6011 Executive Blvd. 
Rockville, MD 
Robert H. Marks 
American Institute of Physics 
335 E. 45th St., New York, NY 


Nominations 

(until 1980 Assembly of Delegates) 


Melinda J. Burrill, Southwest, Chairman 
California State Polytechnic Univ., Pomona 
Edward J. Poziomek, Mid-Atlantic 
Chemical Systems Laboratory, 

Aberdeen Proving Ground, MD 

Leonora Mlrone, Northeast 
51 Laurel Place, New Rochelle, NY 
Robert Zand, North Central 
University of Michigan, Ann Arbor, Ml 
Gordon M. Lerfald, Northwest 
550 S. 40th Street, Boulder, CO 
Edward N. Lambremont, Southeast 
Louisiana State University, 

Baton Rouge, LA 
Harold J. Cassidy 

605 West Second Street, Madison, IN 
Lawrence M. Kushner 
Mitre Corporation, McLean, VA I 

Dean E. McFeron | 

University of Washington, Seattle, WA 


Science and Society 


V. Elvlng Anderson, Chairman (1980-81) 
University of Minnesota, Minneapolis, MN 
Jeffrey Kirsch (1980-81) 

San Diego State University, San Diego, 
CA 

Edward J. Poziomek (1980-81) 
Chemical Systems Laboratory, 
Aberdeen Proving Ground, MD 
Harvey A. Bender (1981-82) 

Univ. of Notre Dame, Notre Dame, IN 
Loren G. Martin (1981-82) 

Virginia Commonwealth University 

Richmond, VA 

Mary Lee Barber (1982-83) 

California State University, Northrldge 
Clifford Grobsteln (1982-83) 

University of California, San Diego 
La Jolla, CA 
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Interdisciplinary references of importance 
to today's scientific community 


McGraw-Hill 
ENCYCLOPEDIA OF 
OCEAN AND 

ATMOSPHERIC SCIENCES 

By the Staff of the < 

McGraw-Hill Encyclopedia 
of Science and Technology ; 

Sybil P, Parker, 

Editor in Chief 

The dynamic relationships between the 
oceans and the atmosphere are explored 
in 236 articles on the marine and atmo¬ 
spheric aspects of geology geophysics, 
geochemistry, fluid mechanics, biology, 
chemistry, and physics. This unique En¬ 
cyclopedia covers such key topics as 
cloud physics... atmospheric pollution 
weather forecasting and modification 
... hydrologic and energy cycles... 
marine mining.., and ocean currents. 
All the articles were either taken from 
the McGraw-Hill Encyclopedia of Science 
and Technology, Fourth Edition, orwere 
written especially for this reference. 
Some 500 illustrations include satellite 
and underwater photographs, maps, 
graphs, drawingffand radar displays. 
580 pp., approp. 500 Ulus., $3 4.50 



THE OCEAN WORLD ENCYCLOPEDIA 

By Donald G. Groves and Lee M. Hunt 

Some 400 lively nontechnical articles bring together today's most significant find; 
ings in oceanographic research, including the origin, age, and characteristics of | 
the oceans... features of the ocean floor.,. waves and currents.,. oceans and at-1 
mosphere... and ocean chemistry and mineral resources. Numerous illuslra- | 
lions highlight the results of recent research into hurricanes, habitable zones, J 
tidal bores, sea ice, artificial beach nourishment, the Sargasso Sea, and much 
more. This popularly written Encyclopedia is easily understandable to those | 
without a background in oceanography, yet authoritative and comprehensive | 
enough to serve as a valuable reference to the specialist. 448 pp., 225 Ulus., $29,|| 


McGraw-Hill ENCYCLOPEDIA OF ENVIRONMENTAL SCIENCI 

Second Edition 

By the Staff of the McGraw-Hill Encyclopedia of Science and Technologm 
Sybil P. Parker, Editor in Chief # 1 

Now completely revised and updated, this important reference on the environ¬ 
mental impact of human activity has some 250 illustrated articles by leading au- 3 
thorities. The entire spectrum of environmental science is covered, including hot; 
industrial, agricultural, and domestic wastes upset the balance of nature... the 
dynamics of ecosystems... human and plant disease... pollution, land use, and 
resources as factors in energy production... and much more. This unique Enqjl 
clopedia gives an insight into our present state of knowledge, the directions thraj 
must be taken, and the laws and conservation practices required to deal with ttej 
problems. Its accessible, authoritative articles are written for the general reade!|| 
well as the professional. 558 pp., 650 illus., 


McGraw-Hill MODERN SCIENTISTS AND ENGINEERS 

By the Staff of the McGraw-Hill Encyclopedia of Science and TechnoloM 
Sybil P. Parker, Editor in Chief 

This major three-volume reference contains fascinating autobiographies and |g 
biographies of more than 1,100 contemporary scientists and engineers who coftf 
stitute the core of the world's scientific community and about whom informatigj 
is not readily available from any other source. Nearly all of these outstanding gj 
achievers in the scientific area (including all the Nobel Prize winners from the 
1920s to 1978) speak frankly about the problems they encountered in their wor|j 
and their solutions to those problems. A portrait sketch accompanies wtua)]y| 
every entry, The set is fully cross-referenced, and bibliographies of works by W 
biographees are included. 1,366 pp., illus., hoped 3-vol. set, $1M 


■Banal Order today using the coupon belowfOBMljj 

McGraw-Hill Book Company j 

P.O. Box 400, Hightstown, N.J. 08520 ,, ~jjS 

Send me the book(s) checked below to examine without obligation for 1? t 

the end of that time, I will either remit in hill, plus local tax, postage^ 

orreturnbookts) postpaid tp McGraw-Hill. f ■ \ f 

□ McGratv-IlUl Encyclopedia ot Ocean and Atmospheric Scluncfs 

(045267-91 ..- « 

□ McGraw-Hill Encyclopedia of Environmental Science, Second Edition . jl 

(045204-4) . ..fjji 

□ The Ocean World Encyclopedia (025010-31 . 

□ McGraw-Hill Modern Scientists and Engineers (045266-0) .. 3-vol. set, $110 M jj 


Clty/Stato/Zlp——--------- Z: 

SAVE MONEY! Remit In lull with this coupon, plus any tax, and McGraw-Hill paM g 
regular postage and handling costs. Fyll return and refund privileges still apply. - 
Offer good only (n US. Ordqr subject to acceptance by McGraw-Hill. Jg 
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All Ends Up 

S, HARRIS. Foreword by LINUS PAULING. 
128 pp„ illus, Cartoons from American Scientist. 
Although Sidney Harris is known to many for his 
science cartoons, his subject matter is practically 
without limits, as the cover cartoon (about existen¬ 
tialism) for his latest collection, All Ends Up. 
brilliantly demonstrates, The third collection of 
S. Harris cartoons to be published by William 
Kaufmann, Inc,, All Ends Up features a Foreword 
by two-time Nobel Laureate, Dr. Linus Pauling—and 
a profusion of new laughs (more than 120, in fact) 
by S, Harris. Publication date: November, 1980. 

$5.95 paperback. A 

Chicken Soup 
& other medical matters 

S, HARRIS. Foreword by WILLARD ESPY. 
108 pp., illus, 

Like chicken soup itself, S. Harris's second book is a 
sure cure for whatever uils you, "What this world 
needs right now is a good laugh. Chicken Soup 
provides at least 1001"—Abigail Van Burcn. 

$3,95 paperback. B 

What’s So Funny About Science? 

Cartoons from American Scientist. 

S. HARRIS, 120pp„illus. 

A collection of over 100 cartoons on a remarkable 
range of scientific and technical subjects, bringing 
out what is human and humorous in sophisticated 
scientific inquiry. "What's So Funny About Science'. 1 
Why, Sidney Harris, that's what!"—Isaac Asimov. 
$8.95 hardcover. Ch $3.95 paperback. C’p 

Two important books on 
hypnosis, its origins and 
current applications 
Mesmerism 

FRANZ A. MESMER. Translated by GEORGE 
j, BLOCH, Introduction by £R, HILGARD. 
176 pp„ index. fns„ glossaries, appendices. 

Now available for the first lime in English: The 
compiled writings of Franz Anton Mesmcr, the 
18th-century Austrian physician whose startling 
therapeutic methods became known as "mesmerism 
Mesmer's works explain his remarkable theory 
of "animal magnetism" and his claims for its 
power to cure and prevent disease. Included along 
with case histories of the cures resulting from 
his use of animal magnetism, ure accounts of the 
skepticism and scandal lie engendered in practicing 
his unorthodox medicine. 

$ II. 50 hardcover. E 

Hypnosis in the 
Relief of Pain 

ERNEST R, HILGARD and JOSEPHINE R. 
HILGARD, Stanford University, 256 pp., illus. 
Addresses the significant contributions hypnosis can 
make in the alleviation of pain suffered in childbirth, 
in medical or dental surgery, in the treatment of 
burns or injuries, and in the incidence of crippling 
disease such as cancer, "Extremely valuable. ' 
-Contemporary Psychology. 

$13.95 hardcover. D 


Words! 

MARKSOPPELAND. Editor, University of Akron. 
120 pp., illus. 

WORDS!, a lively collection of imaginative drawings 
of words, gives symbolic and graphic definition 
to 110 of the language's best—from "Anamorphos" 
to "Obscure" to "Worms," WORDS! is an enter¬ 
taining, inspiring and graphic new way of looking 
at our language, Publication date, November 1980, 
$6.95 paperback. F 

Great Expectations: 

The Psychology of Money 

HENRY CLAY LINDGREN, San Francisco State 
University. 353 pp. 

This revealing, detailed psychological analysis 
brings together the history of coin and currency 
with dozens of contemporary studies to illuminate 
the role of money in our personalities, politics and 
behavior. 

$ 12,50 hardcover, G 


Draw! 

KURT HANKS and LARRY BELLISTON. 
242 pp.. illus. 

Over 900 drawings, cartoons, sketches and photo¬ 
graphs, and brief easy-to-grasp discussions of the 
essential tools, methods and techniques of modern 
drawing and design. 'VI veritable symposium on the 
visual media...Hanks ml Belliston are really 
showing us how to turn on an unused channel of 
thinking; how can you refuse such .an offer?’ 
—Human Behavior Magaiine. 

$9.75 paperback. H 


Special Prepublication Offer: 
HANDBOOKOF 

ARTIFICIAL 

INTELLIGENCE 

Edited by AVRON BARR and EDWARD 
FE1GENBAUM, Stanford University, 3 volumes, 
This pioneering work brings together and explains in 
detail, yet in comprehensible language, the results 
of more than 25 years of research and development 
in the new art and science of artificial intelligence, 
The Handbook of AI is a reference work, a textbook, 
a guide to programming techniques and to extensive 
literature of the field, and a book for intellectual 
browsing. Publication date: Volumes i & II. Spring, 
1981, Volume III: Spring 1982. Speciul prepublica¬ 
tion offer: All 3 volumes for $65,00, or Volumes i 
& 11 for $50.00, (After publication, each volume will 
cost at least $30.00.) I 1 !•' ,, 


Rapid Viz 

Techniques for the 
Rapid Visualization of Ideas 

KURT HANKS and LARRY BELLISTON. 

170 pp„ illus, 

Learning and practicing basic quick-sketching 
skills opens minds to new ways of thinking. The 
exercises in this book harness natural abilities to 
convert fleeting ideas (about homes, landscapes, 
trip-planning, plumbing, geography, car repairs, 
wardrobes—you name it!) into visual form. 

$7.95 paperback. J 


AND MORE WORDS—PICTURES—IDEAS—BOOKS—ETC. 

The California Water Atlas. William Kuhrl, General Editor, $37,50 hardcover. K 
Current Trends in Psychology. Irving Janis.ed. $16.00 hardcover. Lh $7,95 paperback. Lp 
The Flight of Peter Fromm. A Novel. Martin Gardner. $9.95 hardcover, Mh $5.95 paperback. Mp 
Investigating Microeconomics Jim Eggert. $8,95 hardcover. Nh $4,95 paperback. Np 
Microbial Diseases: Notes, Reports. Summaries, Trends. Carl W, May, ed, $14.00hardcover. Oh 
$7.95 paperback. Op 

I9(ti Wretched Mess Calendar, $3,95 paper. P 

Notes on Graphic Design and Visual Communication, Gregg Berryman. $3.95 paperback. Q 
Professor F., McSquarcd’s Original, Fantastic and Highly Edifying Calculus Primer, Howard Swann 
and John Johnson. $7,95 paperback. R 

The Universal Traveler: A Soft-Systems Guide to Creativity, Problem-Solving, and the 
Process of Reaching Goals. Don Koberg and Jim Baghall. $5.95 paperback, S 
"I think, therefore lam paid" T-Shirts (Features S. Harris cartoon.) S, M, L, XL sizes, in man's 
(regular cut) or woman's (French cut) shirt. $6.95 TS 

r--—i 

j Ask for these titles at your local bookstore. Or order them directly from us with our I 
j guarantee of satisfaction, j 

j Please send me the books and other items indicated below, I understand that if I am not | 
I completely satisfied, i may return the order within 30 days fora full refund, j 

J A B Ch Cp D E FG H P P J K Lh Lp Mh Mp Nh Np Oh Op P Q R S TS type: W/M S.M.LXL | 

I 0 Enclosed is full payment plus $1.25 shipping charges. (Calif Water Atlas purchasers please add an j 
■ additional $2.50 for shipping) Calif, residents please add sales tax, i 


I City, State, Zip_---—--- 

| 

j William Kaufmann, Inc. 

j Dept, AS ONE FIRST STREET, LOS ALTOS, CALIFORNIA 94022 

I_ 
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Stereomicroscope DR: Low cost for 
routine teaching, lab, and 
industrial applications. 


Zeiss stereos highly 
resolve to give you... 


DV4 Zoom Stereomicroscope 


DRC Camera Stereomicroscope 
with MC-63 Automatic Camera 


...finest image quality 

Zeiss stereomicroscopes give you 
the highest resolution that stereo¬ 
microscopy can achieve. You get a 
truly fiat field with no distortion, no 
globe effect. All Zeiss stereomicro¬ 
scopes have separate light paths 
for each eye, rather than just one 
objective as in most others. You get 
the finest image quality, the finest 
detail, in both transmitted and inci¬ 
dent light. 


...greatest convenience 

Every Zeiss stereomicroscope 
offers convenience unmatched in 
its class, The DRC Camera Stereo¬ 
microscope and the economically 
priced DR allow you to mount two 
objectives at once, so that, at the 
touch of a finger, you can go from 
low to high power without losing 
focus, The 1:4 zoom system of the 
DV4 covers a magnification range 
of 2.5-200X, Nationwide service. 


The great name in optics 


ZEISS 


West Germany 


Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los Angeles, 
San Francisco, Washington,' DC. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, MSB 2S6. Or call (416) 449-4660. 















Sigma Xi, The Scientific Research Society 


President Herbert E. Longenecker 
|Tji President-elect William A. Nierenberg 

j|J Kps || Executive Director Thomas T. Holme 
Treasurer Gordon B. Carson 
Immediate Past President Melvin Kranzberg 


A Message from the President 

A recent issue of a national weekly magazine opened a special 10-page report 
on science with this question: “Is America’s love affair with science and 
technology coming to an end?" The question arises easily from the well- 
publicized criticisms of nuclear power developments, food additives, genetic 
engineering, the disposal of chemical wastes, and from dozens of buzz-words 
and phrases. An affirmative response may be seen in the declining financial 
support for research and development budgets, as calculated in noninflated 
dollars. 

Despite the obvious problems, there is ample evidence of a continuing high 
level of interest in scientific research in fields represented by the Sigma Xi 
membership. Witness the substantial increase in subscriptions to American 
Scientist resulting from the nonmember campaign of the past two years— 
especially remarkable because during the same period several new science- 
oriented magazines were entering the field. Clearly, there is a strong interest 
in science and technology, and the wave of new publications has, perhaps, only 
begun to satisfy an enlightened public’s expectations. 

Against this background, the opportunities for Sigma Xi appear most at¬ 
tractive. American Scientist, with articles written by scientists, edited and 
produced by professionals, is in a unique position to command the growing 
attention of persons seriously interested in scientific directions and achieve¬ 
ments. For Sigma Xi, the journal has become a major contributor to the 
maintenance of membership and participation in the Society’s broad range 
of activities. 

As administrative personnel changes occur next year at the Society’s head¬ 
quarters, extraordinary attention is being directed to assuring the continuity 
of competence at the highest possible levels in the publishing and editing of 
American Scientist. Sigma Xi’s major publication is a precious asset, dedi¬ 
cated as it is not only to “companions in zealous research" but to readers whose 
leadership can greatly assist in the provision of a strong base for understanding 
and support, with or without a “love affair." 
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Editorial Staff 

Editor Jane V. Olson 
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This living saccate female, about 700 pm long, represents 
one of three distinct female morphotypes controlled by the 
level of dietary vitamin E, or tocopherol, in the rotifer 
Asplanchna sieboldi, See the article by John J. Gilbert on 
p. 636. (Photograph by the author.) 



Can you make the ends 
of these glass fibers fit 

together precisely? 


11IP will Someday you may be communicating 
TvL Wllliover beams of light. Thousands of 
people already are. Their calk are carried through 
glass fibers using a new technology called lightwave 
communication 

But before this innovative technology could be 
put to work, Western Electric had to solve a major 
problem how to splice threads of glass. 

Western Electric, working from a Bell Labs 
idea, developed a solution “honeycombs” of precisely- 
etched crystal that can hold : 
the fibers in perfect alignment. 

A unique process guarantees ' 

that all of the honeycombs wil- 

So no two fibers are ever more than one eight-thousandth 
of an inch out of line. 

Qass fibers can carry hundreds of times 

more information than copper wire. 

This hdps the Bell System keep down 
the cost of your phone service. 

Western Electric products have helped to make 

i the best in the world. 
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EVOLUTION 
AND ECOLOGY OF 
ZOOPLANKTON 
COMMUNITIES 

W. Charles Kerfoot, editor 

Sixty-six experts from eleven countries 
confronted ma jor issues of zooplankton 
ecology and evolution at a symposium spon¬ 
sored by the American Society of Limnology 
and Oceanography at Dartmouth College. 
The papers have biological implications 
beyond the boundaries of limnology and will 
influence future research. Detailed contents, 
available upon request. 800 pages. 399 illus¬ 
trations, 143 tables. $45,00 

MARINE 

INVERTEBRATES 

Comparative Physiology 
Carl S. Hammcn 

This book presents basic physiological 
processes and uses selective examples to 
show how they vary among species, ena¬ 
bling them all to cope with problems of 
survival, Invertebrates are studied without 
reference to vertebrate physiology. The 
book will be useful as a text for courses in 
comparative physiology, invertebrate physi¬ 
ology, and marine biology and to profes¬ 
sional biologists working in related special¬ 
ties. A Utmrsily of Rhode Island hook, 180 
pages, 38 illus. 16 tables, $12.00 

New from the 

National Library of Medicine 

Herpetic Infections of Man 
hyMiroJurctiC, M.D. 

Trichincllosis 

Proceedings of the 

Fourth International Conference 

edited by Charles W, Kim 

and Zbigniew S, Pawfowski, $25.00 

University Press of 
New England 

Hanover, New Hampshire 
and London, England 


Letters to the 
Editors 


Cube or hexagon? 

To the Editors: 

One might hope that Dr. Haber 
would extend his fascinating research 
(“How We Perceive Depth from Flat 
Pictures,” Am. Sci. 68:370-80, July 
1980) to the diagnosis and treatment 
of a dysfunction that may have 
short-circuited many otherwise 
promising careers. That is, some 
minds appear to be incapable of 
“seeing depth” in the line drawings 
traditionally used to represent 
three-dimensional figures. For ex¬ 
ample, the familiar cube cartoon may 
be perceived as just a curious hexa¬ 
gon. Demonstrable difficulties of this 
nature afflict about 5% of the popu¬ 
lation, 


I first became aware of this phe¬ 
nomenon white teaching calculus: 
excellent students may suddenly ap¬ 
pear dimwitted when introduced to 
volume integration. Given the chance, 
such students can learn tb live with 
their handicap. But they may be un¬ 
justly failed unless educators realize 
that they have encountered a learning 
disability analogous to dyslexia. 

L.C. Baird 

Mideast Center for Radiological 
Physics 

Allegheny General Hospital 
Pittsburgh, PA 15212 


Aerosols and climate 

To the Editors: 

“Atmospheric Aerosols and Cli¬ 
mate,” by Owen B. Toon and James 
B. Pollack [Am. Sci. 68:268-78, May 
1980) gives a good account of the state 
of aerosol research, but the underly¬ 


ing problem of a possible glaciation is 
not mentioned. I refer to the location 
of the continents at the time, a major 
factor in glaciation. Since glaciation 
can apparently occur only when land 
masses are at the higher latitudes, it 
would seem to be of only secondary 
concern that aerosols should partici¬ 
pate in a cooling cycle. 

I do not mean to belittle the sig¬ 
nificance of aerosols and their effects 
on climate but only to set the priority 
of sequencing straight. 

John D. Shane 
Department of Botany 
and Microbiology 
Arizona State University 

To the Editors: 

Toon and Pollack present a credi¬ 
ble but somewhat biased review of 
aerosols and their effect on climate. 
Throughout their discussion, they 
indicate that tropospheric aerosols 
are generally too small to interfere 
efficiently with infrared radiation and 
that the net effect of any increase in 
their concentration would thus he to 
cool the Earth. I would like to suggest 
that just the opposite is more likely to 
be true. 

Toon and Pollack pay lip service to 
the need for “empirical testing" of 
model predictions, but they cite tin 
studies of this nature relative to the 
tropospheric dust problem. I have 
personally been involved in several 
such experiments, which point to a 
conclusion different from theirs. My 
first encounter with tropospheric , 
dust, experimentally speaking, came 
as a result of a strong westerly wind 
that raised dust over much of the 
southwestern United States against j 
a backdrop of essentially cloudless: 
skies. In comparing the resultant re-1 
duction in solar radiation with the 
concurrent increase in thermal ra¬ 
diation to the surface, I found that on 
a 24-hour basis, or within a climato¬ 
logical context, the warming effect 
was more pronounced than the cool, 
ing effect (Idso 1972). 

Subsequently, in the course of 
studying desert duststorms of th e 
“haboob” type, I measured the reac¬ 
tive effects of one very weak dust; 
front of this type and observed a full 
10% increase in the infrared emit- 
tance of the atmosphere hut could not 
detect even the slightest decrease in 
incoming solar radiation (Idao 1075),; 
And in every subsequent duatstorm 
I have investigated, the results have 
always been the same—wariojog 













TheTurbuience Parameter 


Energy-efficient operation of the internal combustion engine 
requires the highly turbulent movement of fuel and air in 
the chamber. Recent advances at the General Motors Research 
Laboratories provide a new basis for determining what degree 
of turbulence will get the most work from each drop of fuel. 


Flame Spml Behavior j 

14 U ? 7 % y / 

!* i L/v\ / / 

tA4 m n 
|I I 1 

1 *■ e '? e ?/ 

tji i e 
y, v. i * 


0 20 ■ 40 GO BO 

Flame Radius (mm) 

Burning velocity plotted as a function of flame 
radius, Combustion stages are indicated by 
roman numerals, 

High-speed photographs showing flame evolution 
(lusting six milliseconds) through (our stages: 
initiation (I); flame growth (II): full development 
(111): termination (IV). 


Without turbulence, 

the highly agitated motion of cylin¬ 
der gavses, combustion would take 
place too slowly for the gasoline 
engine to function. Predicting 
combustion behavior in order to 
design engines with greater fuel 
efficiency depends upon under¬ 
standing the relationship between 
vital, turbulent gas motions and 
burning rate. The challenge is to 
quantify this relationship—a com¬ 
plex task made more difficult by 
the requirements of measuring a 
transient event occurring in a few 
milliseconds within a small, 
confined space. 

New knowledge of how tur¬ 
bulence affects flame speed has 
been revealed in fundamental stud¬ 
ies conducted at the General 
Motors Research Laboratories by 


Drs. Frederic Matekunas and 
Edward Groff. Their investigative 
results have been incorporated into 
a model that successfully predicts 
the effect of engine design and 
operating conditions on power and 
fuel economy. 

The researchers separated 
their experiments into two phases. 

In the first phase, they measured 
turbulence in the engine cylinder; 
in the second phase, they deter¬ 
mined flame speeds over a broad 
range of operating conditions. Test¬ 
ing took place in a specially 
designed, single-cylinder engine 
equipped with a transparent piston 
to permit high-speed filming of the 
combustion event. 

Hot-wire anemometry was 
applied to measure the turbulent 
flows while the engine was 
operated without combustion. 
Instantaneous velocities were cal¬ 
culated from the anemometer sig¬ 
nals and simultaneous mea¬ 
surements of gas temperature and 
pressure. More than 400,000 pieces 
of data were processed for each 
ten-second measurement period, 
v The significant, measure of 
turbulence is its ■intensity," defined 
as the fluctuating component of 
velocity. Because conditions in the 
cylinder are both transient within 
cycles and variant between cycles, 
separating the fluctuating and 
mean components of velocity 
is inherently difficult. The re¬ 
searchers overcame this problem 
by using a probe with two orthog¬ 
onal wires properly aligned with 
the direction of the mean flow. 




In the combustion phase, 
tests were performed at over one 
hundred operating conditions of 
varied spark timing, spark plug 
location, engine speed and intake 
valve geometry. Detailed thermo¬ 
dynamic analyses were applied to 
the recorded cylinder pressures to 
calculate flame speeds throughout 
combustion. High-speed films were 
analyzed frame by frame to vali¬ 
date flame speeds and to charac¬ 
terize how gas motions influence 
the initial flame. 

The researchers used these 
measured flame speeds, turbulence 
intensities, and the conditions 
under which they occurred to for¬ 
mulate a burning law for engine 
flames. They divided the combus¬ 
tion event into four stages, The 
initiation stage begins with igni¬ 
tion and ends as the flame grows to 
consume one percent of the fuel 
mass. In the second stage, the 
flame accelerates and thickens in 
response to the turbulent field. The 
third stage exhibits peak flame 
speed. In the final stage, the thick 
flame interacts increasingly with 
the chamber walls and decelerates. 

Over THE RANGE of turbu- 
lent intensities encountered in 
engines, the researchers were able 
to describe the turbulent burning 
velocity, St, during the critical 
third stage of combustion with the 
expression: 

St-2.0 Sl+1.2u'Pr 082 j8 


Sl, the laminar flame speed-a 
known function of pressure, tem¬ 
perature and mixture composi- 
tion-is the flame speed that would 
exist without turbulence. The vari¬ 
able u' is the turbulence intensity. 
P R represents a pressure ratio 
accounting for combustion- 
induced compression of the 
unburned mixture. The dimension¬ 
less factor j6 accounts for the effect 
of spark timing on geometric dis¬ 
tortion of the flame which occurs 
during the first combustion stage 
and persists into the later stages. 

The researchers also 
observed that the burning velocity 
in the second stage increases in 
proportion to flame radius, and that 
in predicting the energy release 
rate from the burning velocity 
equation, it is necessary to account 
for the finite flame-front thickness. 

"The form of our burning 
equation," says Dr. Matekunas, 
"shows a satisfying resemblance to 
expressions for non-engine flames, 
This helps link complex engine 
combustion phenomena to the 
existing body of knowledge on tur¬ 
bulent flames.” 

"We see this extension,” adds 
Dr. Groff, "as a significant step 

toward optimizing fuel economy in 

automotive engines.” 


THE 
MEN 
BEHIND 
THE 
WORK 

Drs, Matekunas 
and Groff are 
senior engineers 
in the Engine 
Research De¬ 
partment at the General Motors 
Research Laboratories. 

Both researchers hold 
undergraduate and graduate 
degrees in the field of mechanical 
engineering. 

Dr. Matekunas (right) re¬ 
ceived his M.S. and Ph. D, from 
Purdue University, where he com¬ 
pleted graduate work in advanced 
optics applications, 

Dr. Groff (left) received an 
M.S. from California Institute of 
Technology and a Ph. D, from The 
Pennsylvania State University. His 
doctoral thesis explored the com¬ 
bustion of liquid metals. 

General Motors welcomed 
Dr. Matekunas to its staff in 1973, 
and Dr. Groff in 1977. 
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STRAWBERRY MIRAGE 


predominates (Idso 1973; Idso and 
Brazel 1977). 

I have just completed an extensive 
study of solar and thermal radiation 
at Phoenix in which I have looked at 
nonduststorm conditions, to remove 
any bias that may be introduced by 
those situations. Again, my findings 
have been the same: increasing the 
mass concentration of tropospheric 
aerosols always seems to lead to 
warming within a climatological 
context (Idso, in press). Thus, al¬ 
though Toon and Pollack may be 
quite correct in stating that “climate 
theorists cannot provide a single an¬ 
swer to the question of whether tro¬ 
pospheric aerosols warm or cool the 
Earth,” the experimental approach 
seems to be much more definitive. 

Sherwood B. Idso 
Tempe, AZ 85282 

Idso, S, B. 1972. Radiation fluxes during a duststorm, 
Weather 27:204-208. 

-- 1973, Thermal radiation from a tropospheric 

dust suspension. Nature 241:448-49, 

-1975. Low-level aerosol effects on the earth's 

surface energy balance. Tellus 27:318-20. 

-In press, An experimental determination of 

the radiative properties and climatic consequences 
of atmospheric dust under non-duststorm condi¬ 
tions. Atmos. IJmmm. 

Idso.S. B„ and A, J. Brazel. 1977, Planetary radiation 
balance as a function of atmospheric dust: Clima¬ 
tological consequences. Science 198:731-33. 


Drs. Toon and Pollack reply: 

John Shane brings up an inter¬ 
esting point. There are many differ¬ 
ent causes of climate change, and 
many different types of climate 
change have occurred. Over billions of 
years the atmosphere has evolved, 
over hundreds of millions of years ice 
ages have recurred, over hundreds of 
thousands of years individual glacial 


Errata 

In the article “Civilizations: Or¬ 
ganisms or Systems?” {Am. Sci. 68: 
517-523, September 1980), by Karl 
W. Butzer, the caption for Figure 3 
should read “On this Egyptian time¬ 
line, periods of increasing population 
are shown in dark brown, those of 
decreasing population are in white, 
and periods of stable population are 
in light brown.” 

In “Accidental Explosions” {Am. 
Sci. 68:420-28, July 1980), by Roger 
A. Strehlow, the figures on the ordi¬ 
nate of Figure 2 should be (in as¬ 
cending order) 10 3 , 10 4 , 10 B , and 
10 6 . 


cycles have repeated, over hundreds 
of years cool periods have been noted. 
The reader interested in the diversity 
of climate changes and their under¬ 
lying causes may wish to read Pol¬ 
lack’s “Climate Change on the Ter¬ 
restrial Planets” {Icarus 37:479-553, 
1979). Although ice ages and their 
relation to continental drift are of 
great interest, we are not likely to 
witness an ice age in our lifetime, but 
aerosols affect our present climate 
and so are of practical significance. 

Sherwood Idso has conducted sev¬ 
eral interesting experimental studies 
of aerosols, and we regret that we in¬ 
advertently overlooked them in our 
article, He seems to have missed our 
point, however. We definitely did not 
say that any increase in tropospheric 
aerosol concentration would cool the 
Earth. The reason theorists cannot 
give a warming or cooling answer is 
that there is no answer. Some aerosols 
warm the Earth (especially those 
containing opaque compounds) and 
some cool it (especially small trans¬ 
parent sulfates). 

Most of Idso’s experiments refer to 
soil particles, which, as we pointed 
out, might either warm or cool the 
Earth depending on their visible sin¬ 
gle scattering albedo and upon the 
underlying soil albedo. As shown in 
our Figure 3, larger aerosols have a 
stronger warming effect because of 
their impact on infrared energy. 
Similarly, the large particles en¬ 
countered in the dust storms studied 
by Idso are more apt to have a 
warming effect than smaller parti¬ 
cles. 

We definitely agree that experi¬ 
ments are needed, but at this point no 
one has produced any final answers. 
Such experiments are extremely dif¬ 
ficult because of the many parameters 
involved. 

Alcoholism and 
Korsakoff s syndrome 

To the Editors: 

I have one nit to pick with Dr. 
Marlene Oscar-Berman in connection 
with her interesting article “Neu¬ 
ropsychological Consequences of 
Long-Term Chronic Alcoholism” 
{Am. Sci. 68:410-19, July 1980). The 
title implies general coverage of the 
sequelae of alcoholism, and the first 
sentence in the third paragraph con¬ 
tinues in this vein. The main body of 
the article is, however, restricted to a 
review of Korsakoff’s syndrome. Al- 
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Constancy and 
Change in Human 
Development 

Orville G. Brim, Jr., and 
Jerome Kagan, Editors 

Orville Brim, Jerome Kagan, 
and an outstanding group of 
specialists in human growth 
assess questions of change and 
continuity in physical, mental, 
and emotional development 
throughout the life span. The 
book covers a broad spectrum 
of developmental issues, and its 
variety and richness provide a 
summary of human develop¬ 
ment which is unparalleled in 
any other single volume. 

57 linecuts $27.50 


The Age of Birds 

Alan Feduccia 

"Alan Feduccia is in a special 
category of ornithologists, 
those who feel at home in the 
speculative world of the 
ancestry of birds.,. He is an his¬ 
torian and a detective, wrapped 
in one, and this volume will be a 
standard reference work for 
students and laymen for years 
to come,"~S. Dillon Ripley 
$ 20.00 


The Evolutionary 
Synthesis 

Perspectives on the 
Unification of Biology 

Ernst Mayr and 
William B. Provine, 
Editors 

Biology was forged i nto a 
single, coherent science only 
within living memory. In this 
volume, the scientists and his¬ 
torians responsible for the 
"modern synthesis" of evolu¬ 
tionary biology and genetics 
come together to analyze that 
remarkable event, Their contri¬ 
butions are indispensable to 
any historical study of biology in 
the20th century. 480pp. 
$25.00 


Behavioral Mechanisms in Ecology 

Douglass H. Morse 

"This synthesis and integration of behavioral ecology into a unified frame¬ 
work will... prove extremely valuable to many evolutionary and ecologi¬ 
cally-oriented biologists, as well as to any serious student of animal biology." 

—RichardT. Holmes, Dartmouth College 

106 line'illus. $25.00 


The Langurs of Abu 

Female and Male 
Strategies of Reproduction 
Sarah BlafferHrdy 
"The Langurs of Abu will for many 
years remain one of the major studies 
of wild primates, both for its observa¬ 
tional and theoretical content." 

—Alison Jolly 

$7.95, paper; $17.50, cloth 


Now available in paper— 

The Behavior of 
Communicating 

An Ethological Approach 

W. John Smith 

in y, "This is clearly an important book, not 

' tudies merely a review, butoriginal, provoca- 
iserva ‘ tive and stamped with the author's 

... highly personal approach to the 

,on Jolly su bj ec t, —Journal of Animal Ecology 
$7.95, paper; $22.50, doth 


Biogeography 
ana Adaptation 

Patterns of Marine Life 
GeeratJ. Vermeij 
"This Darwinian book—there is hardly 
higher praise—is a step toward under¬ 
standing, which will probably chal¬ 
lenge our technical methods more 
than the broad insights of that clever 
naturalist on the Beagle did." 

—Scientific American 
$8.95, paper; $25.00 cloth 


Infancy 

Its Place in Human Development 
Trade Edition 

Jerome Kagan, Richard B. 
Kearsley, and Philip R, Zelazo 

"Poetically and seductively written, 
Infancy expresses a valuable perspec¬ 
tive on research methods ana assump¬ 
tions, offers thought-provoking data 
on cognitive processes of emotional 
development, and provides a careful 
demonstration that excellent day care 
is not obviously harmful." 

—American Scientist 
$6.95, paper, $18.50, cloth 


Take It Or Leave It. 


Chances are you won't be 
able to leave it, You need a 
recorder you can take from 
patient to patient, room to 
room, building to building 
and sometimes further. 

That's why Racal's 4DS 4- 
channel Store Recorder is 
right at home in the hospital 
or lab, it weighs just 40 lbs, 
and is the only recorder of its 
kind, 

Take away the 4DS Record¬ 
er's portability and what do 
you have? Just a superior re¬ 
corder that plays back ex¬ 
actly what it records at seven 


different tape speeds, from attenuation (up to 20X) of in- 
15/16 to 60 ips, That means put require no additional 
you can contract or expand equipment, 
data up to a 64-to-1 ratio For further information write 
with the flip of a switch. And or call: 
since every tape speed has RACAL RECORDERS, INC, 
its own filters for FM recording, 5 Research Place if ' 
you get accurate playback Rockville, MD 20850 
without adding external 301/948-3085 
equipment, a 

Off-tape servo and high J 

signal-to-noise ratio (en- 0$ 

hanced up to 4 dB by flutter 
compensation) ensure that 

the information you record will iuK 

be, faithfully reproduced, And SHlIKyl 

amplification (up fo 10X) and a®, ,ll— 


Racal Recorders 


Racal’s 4DS Store Recorder 
For Medical Research. 









W e're the undisputed leader in the much or how fast your laboratory grows, 

laboratory computer field. We you can add to our computer system as 
built one out of every three systems now the need arises. 


in operation. And we want to bring our 
expertise to your lab. 

You won't find anybody more 
qualified. 

At Digital, we offer by far the broad¬ 
est range of compatible; easy-to-use, 
cost-effective lab computers available any¬ 
where. Somewhere between the smallest 
MINC™ system and the largest DECsys- 
tem-10 and -20,™ Digital makes a system 
ideally suited to the size, complexity, 
and financial resources of your lab. 

And once tire system is installed, 
your investment is protected for the future. 
That's because Digital's systems can be 
linked in compatible networks. Not just 
with others from Digital, but with many 
mainframes as well. So no matter how 


With one of Digital's computer 
systems in your lab, the benefits become 
apparent very quickly. Productivity 
is increased. Highly paid researchers are 
freed from the more tedious, repetitive 
tasks. Resources are allocated more 
efficiently. Data acquisition, analysis, 
simulation, documentation, project man¬ 
agement, and many other time-consuming 
tasks become routine operations. 

If you're concerned about keeping 
your lab running smoothly in the face of 
skyrocketing costs and increasingly strin¬ 
gent regulation, take advantage of our 
experience in your field. Talk to a Digital 
Laboratory Data Products representative. 
You'll find out just how easy it is to put 
the leader to work for you. 


























"IN JUST 10 DAYS, I'LL SHOW YOU HOW TO DO 

REAL MATH 

ON YOUR SCIENTIFIC CALCULATOR!" 


/ ! i“. ™ 

d n -1 •Fun, too! 


STEPUPyourmathskills/aisf— thousandsalreadyhave 
—by using my «(?io wief/i orf inguidcb ook form. I t's called 
CALCULATOR CALCULUS and comes with this 
guarantee; If after 10 dap you're not astounded at the 
problems yaiTresolvingonyourawtcalculator, return 
the guidebook for an immediate refund, 

Cut the point is - you won't want to send it back. For 
this is the easiest, fastest shortcut everl The day you 
receive yourcopy in the mail you’ll want toput it to work. 
It's that exciting and helpful, 

My name is Dr, George McCarty, I teach math at the 
University .of California, I wrote this guidebook to cut 
through the confusion, It does just that—with worked- 
out examples, simple exercises and practical pro¬ 
blems—all designed to work on your calculator! 
POWER METHODS, Need to evaluate functions, 
areas, volumes - solve equations - use cur ves, trig, 
polarcoordinates—find limits fo r sequences and series7 
It's all here! 

If you're in the biological, social or physical sciences, 
you'll be doing Bessel functions, carbon dating, 
Gompertz'growth curves, half-life, future value, 
marginalcosts, motion, cooling, probability, pressure 
— and plenty more (even differential equations), 
Important numerical techniques] Those algorithms 
are here, too -- rational and Pad£approximation, 
bracketing, continued fractions, Etiler'smethod, Heun’s 
method, iteration functions, Newton's method, 
predictor-corrector, successive substitutions, Simpson's 
method and synthetic division, 

LOOK AT WHAT USERS SAY; Professor John A, 
Ball of Harvard College (authorof the book ‘Algorithms 


for RAN Calculators') writes: 

"I wish I had had as good a calculus course." 

Professor H. I. Freedman of theU. of Alberta, writing 
inSoc. hid, Appl, Muth Review, states; "There can he no 
question as to the usefulness of this book... lots of exer¬ 
cises, ..very clearly written and makesforeasyreading ." 

C.B. of Santa Barbara says; 

"Yourbook hasgiven me much instruction and pleasure. 

I do not hesitate to recommend it, 'CALCULATOR 
CALCULUS' is a book that inspires the reader to under¬ 
stand everything down to the last detail. You seem to 
have put your hear! into the teaching part of good 
writing." 

MONEY-SAVING OFFER. For a limited time, you 
can invest in CALCULATOR CALCULUS' for only 
$14,95 plus $1 for postage and handling (or $3 by AIR), 
US or foreign. Calif, residents add 90c sales tax. If you 
needasuitablecalculator,add$22(USonly r UPSpaid;in 
Calif. add $1,32 tax) and I'll send you a Tl-30 right along 
with your guidebook! As pennywise Ben Franklin said, 
“An investment in knowledge pays the best dividends." 
(Tax deductible for professionals.) 

NO RISK WHATEVER! Send for it today, Be sure to 
give me your complete mailing address with your check 
or money order. If you want tocharge it (Visa or MC), in¬ 
clude your card no. and exp, date. Prompt shipment 
guaranteed. Thank you I 

©1980 EduCALC Publications, Dept M-l 

Box 974, Laguna Beach, California 92652 
In California, call 714-497-3600; elsewhere 
TOLL FREE 24-hour Credit Card orders; 
800-854-0561, Extension 845; Dept, M-l_ 


though the issue is far from settled, 
there are reasons for thinking that 
Korsakoff’s syndrome is not an inev¬ 
itable consequence of long-term 
chronic alcoholism. 

First, Korsakoff s syndrome is seen 
very infrequently among alcoholics. 
Victor (I) reports that only 3% of al¬ 
coholics admitted, to Boston City 
Hospital during 1950 and 1951 were 
so diagnosed. Second, most chronic 
alcoholics show considerable recovery 
from psychological dysfunction 
within a few weeks after they cease 
drinking ( 2 , 3 , 4 , 5 , 6 ). Third, Kor¬ 
sakoff’s syndrome may not result 
from alcohol consumption at all. It 
has been strongly linked to Wer¬ 
nicke’s encephalopathy, which in turn 
has been strongly linked to thiamine 
deficiency (7), Admittedly, however, 
the biological etiology of Korsakoff’s 
syndrome is still debated { 8 ). 

There is very recent evidence for 
the direct neurotoxic effects of alco¬ 
hol on the hippocampus (9), although 
these particular morphological 
changes have not been definitively 
established as a basis for Korsakoff’s 
syndrome. In any case, I believe it is 


premature to imply that even long¬ 
term chronic alcoholics must inevi¬ 
tably suffer the profound neurological 
disorder known as Korsakoff’s syn¬ 
drome. 

Mark S. Goldman, Ph.D. 

Director, Center for Alcohol Studies 
Wayne State University 
Detroit, MI 48202 

1. M, Victor, 197!), Neurologic disorders due to al¬ 
coholism and malnutrition. In Handbook of Clin¬ 
ical Neurology, ed. A. B. Baker and L. H, Baker,. 
Harper & Row. 

2. L. Ellenberg, G, Rosenbaum, M. S. Goldman, R, 
D, Whitman, 1980. Recovery of psychological 
functioning following alcohol abuse: Lateralization 
effects. J. Consult, and Clin. Psych. 448:603-10. 

3, M, S. Goldman, R, D, Whitman, G. Rosenbaum, 
D, VandeVusse. 1978, Recoverability of motor and 
sensory function following chronic alcohol abuse. 
In Currents in Alcoholism, Vol. 3, ed, F. A, Seixas, 

. Grune and Stratton. 

4, R, D, Page and.J. D. Linden. 1974, Reversible or¬ 
ganic brain syndrome in alcoholics. Quart. J. 
Studies on Alcohol 35:98-107. 

B, R, D, Page and L. H. Schaub, 1977, Intellectual 
functioning in alcoholics during six months’ ab- 
; sfihence. J. Studies on Alcohol 38:1240-46. 

6, J. R. Sharp, G, Rosenbaum, M. S. Goldman, R. D, 
Whitman, 1977, Recoverability of psychological 
functioning following alcohol abuse; Acquisition 
of meaningful synonyms. J. Consult, and Clin. 
Psych. 45:9,971-72. 


7. P, N. Dreyfus. 1974. Disease of the nervous system 
in chronic alcoholics. In Biology of Alcoholism, 
Vol, 3: Clinical Pathology, ed. B. Kisscn and H. 
Beglciter. Plenum, 

8. G. Freund. 1976. Diseases of the nervous system 
associated with alcoholism. In Alcoholism: Inter¬ 
disciplinary Approaches la an Enduring Problem, 
ed. R. E. Tarter and A, A. Sugerman. Addisnm 
Wesley. 

9. D. W. Walker, D. E. Barnes, S, F. Zornctzer, H. E. 
Hunter, P. Kubunis. 1980, Neuronal loss in hip¬ 
pocampus induced by prolonged ethanol con¬ 
sumption in rats. Science 299:711-12. 


Dr. Oscar-Berman replies; 

There really is no nit to pick. 

Korsakoff s syndrome as defined 
by its salient clinical features is not an 
inevitable consequence of chronic 
alcohol abuse. Cirrhosis of the liver 
has been ranked among the ten mast 
common causes of death in the Unit¬ 
ed States, and as many as 95% of 
these cases are estimated to be alco¬ 
hol related ( 1 , 2 ). Alcohol affects not 
only the digestive system; it is also 
linked to damage of the circulatory 
system, the muscular system, the 
endocrine system, and the nervous 
system (see, e.g,, 3,4,5,6,7). 

I described some neuropsycholog¬ 
ical consequences of long-term 
chronic alcoholism (the title) usually 
accompanied by malnutrition (the 
first sentence in the third paragraph) 
in order to explore (1) the nature of 
the Korsakoff anterograde amnesia 
and (2) the extent of other subtle 
perceptual, cognitive, and motiva¬ 
tional impairments that may or may 
not contribute to the severe and oh- 
vious memory disorder observed in 
those alcoholic patients who (for some 
yet unknown reason) do develop 
Korsakoff s syndrome. 

In our research, my colleagues and 
I almost always include as controls 
normal subjects and alcoholic par¬ 
ticipants who lack frank clinical signs 
of Korsakoff’s syndrome. (Relevant 
variables such as age, sex, education, 
socioeconomic status, and drinking 
history are matched as closely os 
possible.) Our intent has been to 
contrast the performance of the two 
groups with that of each other and 
with that of our Korsakoff patients. 
In addition, whenever possible, pa¬ 
tients with other neurological disor¬ 
ders are included in order to assess 
possible contributions of brain dam¬ 
age per se to any observed impair¬ 
ments. 

Typically, performance on these 
memory tasks by alcoholic controls is 
intermediate between the levels ob¬ 
served in normal subjects and in 
Korsakoff patients. Indeed, this ob- 
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W hen asked to name the seven won¬ 
ders of the world, Baron de Roth- 
child once said, “I cannot, But I know 
that the eighth wonder is compound in¬ 
terest.” 

B ankers are aware of it as are nearly all 
rich men. Few others are aware of its 
significance. 

Here’s what compound interest can do 
for you. A 12% return is readily available 
today in quality bonds and other invest¬ 
ments. If you invest $5,000 at 12% to¬ 
day, such an investment will grow to 
$21,815 by the year 1992. 

Yes, compound interest is indeed a 
wonder. It is the only form of investment 
wherein risk is virtually eliminated. 
Through the centuries, it has been the 
basis for nearly all the world’s wealth. 
Unlike other investments, its power is 
irrefutable and absolutely predictable. 

It takes a little more than 6 years for 
money to double at a 12% return. Your 
effective rate of interest is actually over 
20% because it’s compounded. Through 
compounding, your rate of return beats 
the present inflation rate. To survive and 
retire comfortably, your savings and in¬ 
vestments need to exceed the inflation 
rate. Compounding it is the only guar¬ 
anteed way known to do so, 

Look at what would happen if you 
invested $10,000 a year for a period of 
time at 12% interest; 

Investment Value 

Each Year Years of Investment 

$ 10,000 7 $ 112,996 

10,000 12 270,290 

10,000 17 547,496 

10,000 22 1 , 036,028 


To earn the above rates, income during 
the accumulation period must be free 
from all tax. What if the amount you set 
aside each year was tax deductible? How 
can you invest money tax free and tax 
deductible? All you need is a “vehicle” 
to “pass through” this money. 

There is an answer-the ultimate tax 
shelter-a corporation of your own. It’s 
almost too good to be true! With a corpo¬ 
ration, you can set aside whatever 
amount you choose from your gross 
income. This is not your net income, and 
it’s much easier to do than you may 
realize. There’s a simple, efficient and 
low-cost method now available that any¬ 
one can put to use immediately. 


Once incorporated you gain lots of 
benefits. For instance, it becomes simple 
to set up a pension and profit sharing 
plan. To get a plan going you can get 
plenty of free help from your local bank 
or qualified insurance agent, 

Saving any significant money from a 
salaried job is, for most people, impossi¬ 
ble. Perhaps the best chance any of us 
have for a comfortable retirement is 
through starting our own corporate- 
sponsored retirement program, 

Your own corporation is crucial in or¬ 
der to maximize compounding because it 
enables you to set aside at least 25% 
(more under certain circumstances) of the 
salary you elect to draw from it tax free! 
(The maximum annual tax deduction for 
an Individual Retirement Account (IRA) 
is only $1500 and $7500 in a Keogh 
plan). You pay tax only when you decide 
to retire and then probably at a lower rate 
than now. 

You’ve got to own a corporation to get 
the kind of leverage needed to take ad¬ 
vantage of the Eighth Wonder, 

Yes, you can thus create a retirement in 
the millionaire class by owning and con¬ 
trolling your own corporation. Incorpo¬ 
ration under our present tax structure is 
the unsurpassed way of accumulating 
capital. 

Other than the ability to compound the 
power of your investment program, there 
are many other sound reasons to form a 
corporation such as: 

• personal liability protection 

• tax shelters of all types unavailable 
to unincorporated individuals 

• greater ease in estate planning 

• business continuance or transfer 

The classic book entitled How To 
Form Your Own Corporation Without 
A Lawyer For Under $50 by Ted 
Nicholas provides you with all the de¬ 
tails, all the pros and cons, and contains 
every tear-out form you need to complete 
the transaction. You get the Certificate of 
Incorporation, minutes, by-laws, and 
complete instructions. You’ll save from 
$300 to over $2000 in lawyer fees. 

Your corporation will protect you. All 
you risk is your initial investment. This 
amount can be zero, a few hundred or 
several thousand dollars. Your home, 
furniture, car, savings, or other posses¬ 
sions are not at risk. You can raise capital 
by selling shares and still keep control. In 


the event of any disaster your personal 
liability is protected, 

If you desire you can set up a non¬ 
profit corporation or operate the corpora¬ 
tion anonymously, This book includes 
specimens and will show you how to 
complete the appropriate forms. 

Before this book was published, incor¬ 
poration was not widely used by the small 
business owner. Now, with the help of 
this book, over 300,000 individuals in¬ 
corporate each year, and most are small 
one-person businesses, or small-but-wise 
investors. 

Even if you have a salaried job, you’ll 
discover a way you may be able to in¬ 
corporate now and turn that job into a 
corporation of your own . 

As a bonus for ordering the book now 
you’ll receive absolutely free, a portfolio 
of valuable information, It’s called “The 


Income Plan” and normally sells for 
$9.95, It describes a unique plan that 
shows you how to convert most any job 
into your own corporation. You’ll 
increase your take-home pay by up to 
40% without an increase in salary, or 
without even changing jobs in many 
cases. If you are an employer, learn how 
to operate your business with indepen¬ 
dent contractors rather than employees, 
This means that you’ll have no payroll 
records or withholding taxes to worry 
about, And you’ll be complying with IRS 
guidelines. “The Income Plan” includes 
forms, examples, and sample letter 
agreements to make it possible, 

You may be just a bit skeptical, As 
publishers, we were also skeptical at 
first, The astounding benefits are hard to 
believe. That’s why your purchase is 
guaranteed in the fairest way known. If 
you feel this book doesn’t provide you 
with all of the personal benefits that 
we’ve described, return it undamaged 
within two weeks and your money will be 
promptly refunded with no questions 
asked. If you should decide to return it, 
you may keep the bonus Income Plan for 
your trouble. 

To get your copy, write the words 
“Corporation Book and Bonus” on a 
plain sheet of paper, along with your 
name and address. Enclose a check for 
$14.95. There is no sales tax on your 
order and your purchase price is tax de¬ 
ductible. Mail your order to Enterprise 
Publishing, Inc., Dept.AS-OYC, 725 
Market Street, Wilmington, Delaware 
19801. 

©Enterprtie PubU*hln», Inc., MCMLXXX C1124 
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POSTDOCTORAL RESEARCH AWARDS 

Sponsored by the 

BALLISTIC RESEARCH LABORATORY 

in association with 

THE NATIONAL RESEARCH COUNCIL 

The National Research Council will make awards in 1980 under the Resident 
Associateship Program, which provides awardees with opportunities to conduct 
experimental and theoretical research as visiting scientists and engineers in the 
fields of 

Applied Computer Sciences Continuum Mechanics 

Applied Mathematics Materials Sciences ^ 

Probability Theory and Stochastic Processes Nuclear and Radiation Physics 

Combustion Research Physical Chemistry 

Fluid Mechanics Quantuum Chemistry 

' in the Laboratory complex located in the beautiful Chesapeake Bay country of 
Maryland, within easy driving distance of the metropolitan centers of Baltimore, 
Philadelphia, and Washington, D.C. 

Some programs are open to senior investigators as well as recent doctor¬ 
ates, 

Further details on research programs can be obtained from Dr, L. J. Puckett 
(301) 278-2236, at the Ballistic Research Laboratory, Aberdeen Proving Ground, 
MD. 

For application materials and details on specific research opportunities, write 
promptly givingareas of interest to: 

Associateship Office (608-E4) 

NATIONAL RESEARCH COUNCIL 
2101 Constitution Avenue, NW Washington, D.C. 20418 

Postmark deadline for application is January 15, 


UNPOPULAR ESSAYS ON TECHNOLOGICAL 
PROGRESS 

Nicholas Rescher $895 

Rescher “writes of the negative correlation between 
technical progressand personal happiness and the impact 
of this realization on society..,, the environmental crisis 
and the quality of life, exotic medical life-saving therapy 
and other ethical issues in health care delivery, the reality 
and the ideal in justice, endangered species, and the limits of growth. All these 
issues are treated with lucidity. This work will be welcomed by philosophers and 
social scientists for the light It sheds on profound and complex contemporary 
problems,"—Library journal 
Mso by Nicholas Rescher 

SCIENTIFIC PROGRESS: A PHILOSOPHICAL ESSAY ON THE ECONOMICS 
OF RESEARCH IN NATURAL SCIENCE $ 18.95s 

"In this crisp yet many-sided little book we are treated to a virtuoso analytical perfor¬ 
mance,, ,, Classroom, laboratory bench, and lunch table should ring to debates over this 
provocative essay."-Sde«lific Awerta. "Readable,,, instructive.,., Recommended to 
the attention of all those interested In the history and philosophy of science and In Its 
future, l, '—Iwter«<iIfott£if Journal of Geweral 

A THEORY OF POSSIBILITY: A CONSTRUCT1V1ST1C AND CONCEPTUALISE 
ACCOUNT OF POSSIBLE INDIVIDUALS AND POSSIBLE WORLDS $19,95s ] 

“Rescher presents his theory of possibility in his characteristically bold, dear, and Cogentj 
style,,,, Impeccable logical form, He displays without pedantry a mastery of the best 
historical literature on the topic."—TAe Review of Metaphysics 

UNSELFISHNESS: THE ROLE OF THE VICARIOUS AFFECTS IN MORAL 

PHILOSOPHY AND SOCIAL THEORY $9,95s 

“Reseller's work obviously counts as an important contribution to a critical evaluation of 

contemporary decision theory and utilitarian theory."-^ journal of Philosophy, "It Is a 

clear, crisp, Informed and Interesting essay,"—PA Boohs 

WELFARE: THE SOCIAL ISSUES IN PHILOSOPHICAL PERSPECTIVE $ 10.95s 

Rescher "makes a unique and important contribution in this book. He attempts to 

demonstrate that Philosophy (like God) is not dead, that the oldest discipline has 

relevance for the modern social sciences. "-Social Science Quarterly 

University of Pittsburgh Press Pittsburgh, Pennsylvania 15260 


servation forms one of the main 
points of my article, and has been 
documented in other laboratories 
employing sensitive tests of cognitive 
function (e.g.,8, 9,10,11), 

I would like to stress another main 
theme of my article: the deficits that 
are observed, although quite real, are 
subtle, and require the use of refined 
experimental procedures to reveal 
them (even in Korsakoff patients). 

It is not just premature to imply 
that “long-term chronic alcoholics 
must inevitably suffer the profound 
neurological disorder known as Kor¬ 
sakoff’s syndrome.” It may also he 
potentially misleading and inappro¬ 
priately fatalistic. 

1. M. E. Chafetz. 1979. Alcohol and alcoholism. Am. 
Sci. 67:2911-99. 

2. National Confer for Health Statistics, 1975. Vital 
Statistics of the United Slates, UM9-7H. U.S, 
Government Printing Office. 

3. B, M. Altura, 1978. Pharmacology of vemiLr 
smooth muscle: New insights. Mimimti . lies, 
16:91-117. 

4. L, W. Greene and C, S. Hollander. 1980. Sex and 
alcohol: The effects of alcohol on the hypotha- 
lamic-pituitary-gonadal axis, Alcoholism: Clini¬ 
cal and Experimental Research 4:1-8. 

5. M, Galanter, od. 1979. Currents in Alcoholism, 
Vo). 6. Academic Press. 

6. B. Kissen and H. Begleiter, eds, 1974. The Hiology 
of Alcoholism, Vol, 3: Clinical Pathology, 
Plenum, 

7. D, H, Van Theil. 1980, Alcohol and its effect on 
endocrine functioning. Alcoholism: Clinical and 
Experimental Research 4:44-49. 

8. N, Butters and L. S. Cermak. 1980, Alcoholic 
Korsakoff’s Syndrome: An Information Pro¬ 
cessing Approach to Amnesia. Academic Press, 

9. O. A. Parsons. 1980. Cognitive dysfunction in al¬ 
coholics and social drinkers, J. Studies on Alcohol 
41:105-18, 

10. C. Ryan and N, Butters, 1980, Further evidence 
for a conlinuum-of-impnirment encompassing 
male alcoholic Korsakoff patients and chronic 
alcoholic men. Alcoholism: Clinical a ml Exper¬ 
imental Research 4:190-98. 

11. R. Ryliack. 1971, The continuum and specificity 
of the effects of alcohol on memory. Quart, j. 
Studies on Alcohol 32:995-1016. 


Cracked plates? 

To the Editors: 

Preston Cloud’s majestic view of 
“Beyond Plate Tectonics” (Am, Sci. 
68:381-87, July 1980) is reassuring to 
Californians that their land will not 
fall into the ocean, but his Figure 1 is 
rather alarming to Nfcw Zealanders, 
for it seems to show that their islands 
have already disappeared. Could they 
have slipped into the crack between 
the Australian and Pacific plates? 

John S. Edwards 
Department of Zoology 
University of Washington 
Seattle, WA • 


FORTODWS BXCUIIV AND COLLEGE STAFFMEMBBtS HlOM 18T080. 

Whether you're thinking retirement 

or not, review the plan that provides 
for cash withdrawval (without surrender 
charge) and/or a lifetime income. 


TIAA-CREF Supplemental Retirement Annuities 
(SRAs) offer you substantial flexibility including cash 
withdrawal and/or lifetime retirement income. You 
can even reduce your income taxes now! 

You can begin contributions to an SRA at any age 
and begin benefits at any age up to age 71 unless you 
are still employed (then you can delay beginning 
benefits until age 80). For example, you could start 
contributions at age 25, and choose to begin benefits 
or withdraw cash at age 34,40 or 50, regardless of 
your employment status, 

Get your money at any time. 

You can receive benefits as a l ifetime income or over a 
fixed period of from 2 to 10 years. What's more, if you 
need it (even while employed by your current 
employer)/ you can withdraw all the money you have 
accumulated by surrendering your contracts. Or, you 
can withdraw $1,000 or more every six months. There 
is never a cash surrender charge. 

d 

Contributions are tax-deferred,. 
so you pay less income taxes now. 

The federal income tax on your contributions is 
deferred until they are paid to you as benefits. So, you 
pay less tax now. 

Changing employers? Take SRAs with you. 

Since you own your Supplemental Retirement Annui¬ 
ties/ you take them with you if you leave your current 
employer. You can make contributions through any 
institution that makes Supplemental Retirement 
Annuities available to staff members. Contributions 
can be as little as $25 a month. 


Full information. 

Complete and mail the coupon for an SRA Information 
Kittoday. You'll getfull details about all the advan¬ 
tages SRAs have to offer, why this plan suits so many 
financial situations and age groups and how much 
you may contribute to the plan. 

"TIAA-CREF provides annuities and other services foremployees of 
colleges, universities, private schools and certain other nonprofit 
tax-exempt educational and research institutions. . 

HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE 
...SEND FOR A FREE INFORMATION KIT. 



Teachers Insurance and \ 
Annuity Association of Via# 
America—College Retirement \ 
Equities Fund \ ***' 

730Third Avenue \ 

New York, N.V. 10017 , \ ; : 


Please send me full details “iY rN/** 

about TIAA-CREF Supplemen- ~****** 

tal Retirement Annuities, the 

flexible tax-deferred annuity plan that offers the opportunity to accumu¬ 
late funds for additional retirement income and the option for cash 
withdrawal. 


Name of Institution—.----- | 

Please let us know if you are participating in a TIAA-CREF retirement plan | 
‘at your institution. DYES DNO AS 1180 J 
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Sigma Xi News 



1980 Annual Meeting held in 
San Diego 

Timing of publication schedules will not 
allow for reporting at this time on the An¬ 
nual Meeting just concluded at San 
Diego, California, other than to announce 
certain Important actions taken by the 
1980 Assembly of Delegates. The Janu- 
ary-February issue of American Scientist 
on the Sigma Xi News page will present 
a full accounting with highlights. 

The Assembly of Delegates, by plurality 
votes, elected: 

President-elect to serve until 30 June 
1982: 

V. Elvlng Anderson, University of Minne¬ 
sota Chapter 

Directors-at-Large to serve until 30 June 
1984: 

M, Patricia Faber, Lake Forest College 
,Club 

M. Patricia Morse, Northeastern Univer¬ 
sity Chapter 

Regional delegates, attending their re¬ 
spective Regional Assemblies, by plurali¬ 
ty votes, elected the following Regional 
Directors to serve until 30 June 1984: 

North Central Region 

Robert Zand, University of Michigan 

Chapter 

Northwest Region 

Klaus B. Timmerhaus, University of Col¬ 
orado Chapter 

Southeast Region 

Calvin A. Lang, University of Louisville 
Chapter 

Southwest Region 

Glenn V. Russell, University of Texas 
Medical Branch Chapter 

filfi UaI,.™ Cfl 



Herbert A. Simon 
awarded Procter Prize 

Dr. Herbert A. Simon, the Richard King 
Mellon University Professor of Computer 
Science and Psychology at the Carnegie 
Mellon University, received the Procter 
Prize, Sigma Xi’s highest honor, on Fri¬ 
day evening, 10 October. The citation 
that accompanied the prize stated that , 
Sigma Xi honored this “Nobel Laureate 
whose interdisciplinary research into the 
decision-making and problem-solving 
processes has been a principal contribu¬ 
tor to the strengthening of the emerging 
discipline of Administrative Science. A 
psychologist, an economist, a behavioral 
scientist, and computer scientist, he has 
been honored for his accomplishment in 
each of these fields by his peers. Sigma 
Xi honors him for his career as a re¬ 
searcher, lecturer, and administrator, in 
which he has not only bridged the divi¬ 
sion between hard and soft science, he 
has combined his outstanding compe¬ 
tence in each for synergistic achieve¬ 
ments. He epitomizes the best of Sigma 
Xi." 


This year initiated a new feature of the 
Procter Prize which calls for the recipient 
to select a younger scholar who is now 
or has been recently associated with the 
recipient and gives promise of future re¬ 
search contributions to receive a special 
$2,000 Grant-in-Aid of Research. Dr. 
Simon announced that he had chosen 
Karl Anders Ericsson, of the Department 
of Psychology at the University of Colora¬ 
do, for the award. 

Dues and fees for 1981-82 

Although the budgets for both FY81 and 
FY82 predicted deficits in Society opera¬ 
tions, the Board of Directors had not rec¬ 
ommended a dues increase for FY82 
(1981-82), and therefore the Assembly 
of Delegates approved holding the dues 
unchanged at $15—thus making five 
years at the same rate. 

On or about 1 December, the National 
Office will mail “early bird" membership 
renewal notices for the next fiscal year, 
FY82. This procedure, which is com¬ 
pletely optional since no one is required 
to pay early, continues to produce every 
benefit that was forecast to come as a 
result when it was first introduced. Actu¬ 
ally, the percentage of the membership 
. responding to the early bird billing has In¬ 
creased each year. 

In view of the discussion at the Annual 
Meeting concerning the almost certain 
need for an increase in dues for FY83, it 
can be reasonably predicted that next 
year, at the time of the early bird billing, 
the renewal notices will reflect the new 
dues rate, which must be approved by 
the 1981 Assembly of Delegates. One 
feature of Sigma Xl's membership dues 
billing and payment that should be of 
considerable interest to an individual 
member at this time of a pending dues in¬ 
crease Is the provision for payments for 
five years in advance, 

For Instance, during 1980-81 there are 
still about 1,000 members whose dues 
were paid in advance at the former $12 
rate. There has been no recommendation 
made as to the dues rate which may be 
recommended for FY83, but should it go 
to $20 (the maximum mentioned in the 
discussion), prepayment now for the 
maximum, advance period would produce 
a substantial savings to the members and 
additional income for the Society. There 
is no question but that the $50,000+ 
earned per year by Sigma Xi on Its re¬ 
serve for prepaid dues has been a major 
factor in helping hold the dues constant 
for this five-year period. 

Continued on p. 732 


Donald Granberg 
Edward Brent 


"I will never love that which my friend 
hates.”—Beatrice, in Shakespeare’s Much 
Ado about Nothing 

After Ronald Reagan was selected as 
the Republican candidate for the 
presidency in 1980, it was revealed 
that his strategists would be working 
with specially constructed computer 
models of voting patterns in each of 
the big states. By feeding pertinent 
data into a computer, they hoped to 
pinpoint the attitudes of voters on 
various issues and to assess where the 
voters thought the candidates stood 
on the issues. This would allow the 
candidate to fine-tune his message for 
maximum impact on the voters. If the 
computer indicated, for example, that 
voters in one region strongly favored 
the ERA, Reagan could downplay his 
opposition to it (Williams 1980). 

One way of looking at election cam¬ 
paigns is in relation to the social- 
psychological concepts of impression 
formation and impression manage- 


lUmald Granberg, a professor of sociology at 
the University ofMissouri-Columbia, received 
his PhJ). from Pennsylvania State University 
in W69. Edward Brent is an assistant profes¬ 
sor of sociology at the University of Mis- 
souri-Columbia, where he has been teaching 
■ since he received his PhD. in 1976 from the 
University of Minnesota, The data from the 
am, 1972, 1974, and 1976 election studies 
done by the Center for Political Studies were 
obtained through the Inter-University Con¬ 
sortium of Political and Social Research, 
hea dquartered at the University of Michigan. 

: The authors are grateful to Christopher Art- 
ertan of Yale University, Nancy Nygreen of 
the American Institute of Public Opinion, and 
Stcuc Shepard of Newsweek for granting them 
access to the 1980 survey. The authors are 
' solely responsible for the analyses and inter¬ 
pretation. Address: Center for Research in 
Social Behavior, 111 East Stewart Road, 
; University of Missouri, Columbia, MO 
65211. 


Perceptions of Issue Positions of 
Presidential Candidates 

Candidates are often perceived by their supporters 
as holding positions on the issues that are closer to 
the supporters’ views than they really are 


ment (Goffman 1959; Hall 1972). In 
recent years, virtually all the major 
contenders for high public office have 
used polling data as a basis for de¬ 
veloping an impression of where the 
public stands on the social issues of 
the day. At the same time the candi¬ 
dates actively try to manage the im¬ 
pressions that are formed of them by 
the electorate. 

On the other side, activist, articulate 
citizens try, through letters, demon¬ 
strations, and meetings, to manage 
the impression formed by politicians 
as to what the “real majority” wants. 
Furthermore, through news accounts, 
campaign advertising, and informa¬ 
tion gained from personal contacts, 
the electorate does form an impres¬ 
sion of the characters of the candi¬ 
dates and where they stand on con¬ 
temporary political issues. Because 
the two processes of impression for¬ 
mation and impression management 
have become more systematic in re¬ 
cent years, they may seem more Ma¬ 
chiavellian now than in the past. 
However, there is not necessarily 
anything sinister about these pro¬ 
cesses—indeed, they may be regarded 
as a normal part of the acquaintance 
process in human relations. 

At times, the impression of where 
candidates stand on issues may be 
very hazy. This may be due either to 
the citizen’s inattention to politics or 
to the deliberately ambiguous posi¬ 
tion taken by some candidates. In this 
article, we will present evidence to 
show that, if asked, the majority of 
U.S. adults will give estimates of 
where they think the candidates 
stand on the issues. We also intend to 
show that these estimates are not 
random or nonsensical data but that, 
on the contrary, they are to a large 
extent systematic and capable of 


being interpreted in a theoretical 
manner. 

Our model of the process of attribut¬ 
ing issue positions to candidates is 
based on Heider’s balance theory 
(1946,1958) and Sherif’s social judg¬ 
ment theory (Sherif and Hovland 
1961; Sherif et al. 1965). Heider’s 
work proceeds from the premise that 
people find it unpleasant to agree 
with a disliked person or to disagree 
with a liked person. Such a state of 
imbalance is seen as unstable and 
thus as a motivational force. People 
would be motivated to change one or 
more of their opinions, or cognitions, 
to move in the direction of greater 
psychological balance. 

Heider’s theory is a psychological one 
in the sense that his P-O-X model 
deals with what goes on within the 
mind of one person (P), The elements 
of the model are P’s attitude toward 
0 (some other person), P’s attitude 
on X (some object or issue), and P’s 
impression of O’s attitude on X. If P 
likes 0 and attributes to 0 an atti¬ 
tude on X which is different from P’s 
attitude on X, or if P dislikes O and 
attributes to O an attitude on X 
which is similar toP’s attitude on X, 
a state of imbalance is said to exist, In 
such a state, change of one or more of 
the cognitive elements is expected. 

Sherif s social judgment theory uses 
the concepts of assimilation and 
contrast to refer to distortions which 
take place when an individual makes 
a judgment about how closely a com¬ 
munication corresponds to his or her 
own opinions. When the individual’s 
attitude and attribution are such that 
the degree of similarity between self 
and other is overestimated, the word 
used to describe the condition is as¬ 
similation. When the degree of simi- 
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larity between self and other is un¬ 
derestimated, so that the perceived 
difference exceeds the actual differ¬ 
ence, the distortion is called contrast. 
In Sherif’s theory, assimilation is to 
be expected when the actual dis¬ 
crepancy is small, and contrast when 
the actual discrepancy is large, at 
least if the communication is moder¬ 
ately ambiguous, If the communica¬ 
tion is highly ambiguous, a more 
pervasive assimilation effect is pre¬ 
dicted, and if the communication is 
unambiguous, neither assimilation 
nor contrast is expected to occur. 

Our synthesis of these theories 
suggests that a condition of psycho¬ 
logical imbalance can be resolved by 
assimilation or contrast. By distorting 
O’s position on X , P can create sub¬ 
jective agreement with a liked 0 when 
disagreement might otherwise exist, 
or subjective disagreement with a 
disliked 0 when agreement might 
otherwise exist. 

Applying this approach to the prob¬ 
lem of how the voter forms an im¬ 
pression of the stand of a political 
candidate on an issue, we use again 
the letters P for the citizen, X for 
some issue, and 0 for the candidate. 
The elements we need for the analysis 
are again some measure of P’s atti¬ 
tude toward 0, P’s attitude on X, and 
P’s estimate of 0’s attitude on X, Let 
us assume that the attitude on X is 
represented as some point on a 7- 
point scale, with an underlying con¬ 
tinuum from one extreme to the 
other. Figure 1 presents a simple 
model which assumes that people are 
motivated to maximize the similarity 
between themselves and a preferred 
candidate and to maximize the dif¬ 
ference between themselves and a 
nonpreferred candidate. 

Figure 1 is not a realistic model, of 
course, because it assumes that the 
tendency toward psychological bal¬ 
ance is the only force operating and 
that there are no reality checks which 
would constrain variation in the at¬ 
tribution of the candidate’s position. 
It does, however, serve as a theoretical 
point of departure that has proved to 
be of some utility in our analyses. 

How does this process really work for 
the average citizen who is neither 
apathetic nor an ideologue? The 
person probably finds something 
appealing or unappealing about a 
politician, perhaps because of an el- 
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Figure 1. In this balance model of the hypo¬ 
thetical relationship between the individual’s 
own political position and the position attrib¬ 
uted to political candidates, the individual 
avoids cognitive imbalance, or dissonance, by 
maximizing the similarity between his own 
position and that of the candidate he prefers, 
and by maximizing the difference between his 
own position and that of the nonpreferred 
candidate. Political position is measured on a 
7-point scale ranging from extremely liberal (1) 
to extremely conservative (7). 


contrast of a nonpreferred candi¬ 
date. 

In this article we present evidence 
from studies of the four most recent 
U.S. presidential elections. Our 
analyses of the 1968,1972, and 1976 
elections are based on representative 
sample surveys of U.S. adults, inter¬ 
viewed before and after the elections, 
conducted by the Center for Political 
Studies of the University of Michigan. 
The 1980 data are from a Gallup poll 
(the American Institute of Public 
Opinion) taken in June of 1980. In 
each of these surveys, people were 
asked to give their own attitudinal 
position on two or more 7-point scales 
dealing with some contemporary 
issues, and to estimate the positions 
of the political candidates on these 
scales. To measure candidate prefer¬ 
ence, those surveyed were also asked 
whom they intended to vote for or 
whom they would like to see win, in 
the pre-election survey, and whom 
they had voted for, in the post-elec¬ 
tion survey. 


Vietnam war 

Dove. Hawk 



Reform Suppress 

Urban unrest 

Figure 2. In a post-election survey taken in 
1968 by the Center for Political Studies, U.S. 
adults reported their political positions and 
estimated those of the three major presidential 
candidates on the issues of urban unrest and 
the Vietnam war. These average positions are 
estimated as ranging, for the Vietnam war, 
from “Withdraw completely from Vietnam 
right now" (1) to “Do everything necessary to 
win a complete military victory” (7), and for 
urban unrest, from "Correct the problems of 
poverty and unemployment that give rise to the 
disturbances” (1) to “Use all available force to 
maintain law and order” (7). 


ement of style or appearance, a 
shared membership or reference 
group, the candidate’s reputation as 
a liberal or a conservative, or perhaps 
because of a position or part of a po¬ 
sition taken by the candidate on some 
issue. Then, if the person is asked to 
estimate or attribute positions to that 
candidate on a series of issues, the 
estimates may reflect the psycholog¬ 
ical tendency toward balance, pro¬ 
ducing assimilation of a preferred and 


The 1968 election 

The procedure of measuring people’s j 
attitudes and attributions on 7-point : 
scales, with the end points repre¬ 
senting extreme verbal designations, 
was developed in 1968 by Richard 
Brody, Sidney Verba, and Benjamin 
Page of Stanford University (Page 
and Brody 1972; Rosenberg et al. 
1970). They included scales for the 
two dominant issues of that year, the 
Vietnam war and urban unrest, in a 
series of surveys. The scales were also 
included in the 1968 C.P.S. post¬ 
election survey. Drury Sherrod (1972); 
used somewhat similar scales in that j 
same year in a local survey carried out 
in Los Angeles. 

Figure 2 presents the means for the 
attitude and attribution estimates for 
the1968 C.P.S. data on the issues of 
Vietnam and urban unrest. In many 
respects, the data conform with our 
general understanding of that elec¬ 
tion. Very little difference was seen 
between Hubert Humphrey and 
Richard Nixon on the Vietnam issue. 
It is interesting to note also that the 
average attitudinal position of US. 
adults fell between the averages at¬ 
tributed to Humphrey and to Nixon, 
and that the Hawks outnumbered the 
Doves in this survey. On the issue of 
urban unrest Nixon was seen, on the 
average, as almost exactly in the 


middle, with Humphrey being seen as 
: somewhat more reform-oriented and 
George Wallace very near the ex- 
; treme, “suppression” end of the scale. 

The average of the citizens’ positions 
: on the scale was between those at¬ 
tributed to Nixon and to Humphrey, 
though somewhat closer to Nixon. 

; To examine for possible assimilation 
and contrast effects in this survey, we 
grouped respondents according to 
their candidate preference and their 
own attitudinal position, and then 
; compared them with regard to the 
position they attributed to the can- 
; didates. Since we are not examining 
specific issues in this article, we 
; present the attribution estimates here 
- as composites which have been com¬ 
bined across issues. The statistical 
• mode of analysis involved analysis of 
variance and regression. 

The Nixon voters (Fig. 3) demon¬ 
strated a considerable degree of as¬ 
similation in their estimates of Nix¬ 
on’s position, but no significant ten- 
; . deucy to contrast—that is, to over¬ 
estimate their differences with—ei¬ 
ther Humphrey or Wallace. The 
| Humphrey voters, on the other hand, 
showed a strong tendency toward 
assimilation in their estimates of 
: Humphrey’s position and a slight 
5 tendency toward contrast with Wal¬ 
lace, hut no contrast in their esti¬ 
mates of Nixon’s position. The Wal¬ 
lace voters in this survey were so few 
at some of the attitudinal positions as 
to preclude a meaningful graph. 
However, we did calculate the re- 
, gression coefficients between own and 
attributed attitudes: these were .37, 
.15, and -.09, for estimates of the 
positions of Wallace, Nixon, and 
Humphrey, respectively. Thus the 
: Wallace voters tended to overesti¬ 
mate the similarity between their 
position and that of their candidate, 
though not quite as strongly as the 
Humphrey and Nixon voters did with 
respect to their preferred candidates. 
The Wallace voters also showed slight 
tendencies toward assimilation of 
Nixon and contrast of Humphrey. 

The data from the 1968 G.P.S. survey 
; suggest that people do show a signif¬ 
icant tendency to assimilate the po- 
sition of their preferred candidate in 
making attribution judgments, as 
predicted by the model illustrated in 
’ Figure 1. The tendency is, of course, 
j : not as strong as in the model, but it is 
j quite robust, and there were no sig¬ 



Figure 3, After the election of 1968 voters were 
asked to state their own political positions and 
to estimate those of the three major presiden¬ 
tial candidates. The original survey taken by 
C.P.S. used 7-point scales to represent posi¬ 
tions on the specific issues of urban unrest and 
the Vietnam war; the scales here are a com¬ 
posite of the issues and represent an attitudinal 
continuum from extremely liberal (1) to ex¬ 
tremely conservative (7). The responses of 



citizens who voted for Nixon show some as¬ 
similation of Nixon, but no significant contrast 
of Humphrey or Wallace. The responses of 
citizens who voted for Humphrey show strong 
assimilation of Humphrey and slight contrast 
of Wallace, but no contrast of Nixon. The data 
available on citizens who voted for Wallace 
were not sufficient to constitute a graph. 
Numbers in parentheses indicate standardized 
regression coefficients (/3). 


nificant deviations from linearity in 
the observed functions. It also ap¬ 
pears from the 1968 data that the 
tendencies toward assimilation of a 
preferred candidate and contrast of a 
nonpreferred candidate are not 
symmetrical or of comparable 
strength: the tendency toward as¬ 
similation is much stronger and more 
predictable than the tendency toward 
contrast. This asymmetry was not 
originally anticipated but, as we shall 
see, the finding has held up very well 
in the analyses of subsequent elec¬ 
tions. 

The 1972 election 

In 1972 the Vietnam and urban un¬ 
rest scales were used once again in 
surveys, but the use of this type of 
7-point scale in measuring attitudes 
and estimates of the candidates’ po¬ 
sitions was greatly expanded. The 
C.P.S. survey of 1972 included 18 
such measures, 9 on the pre-election 
and 9 on the post-election survey. Of 
these, four measured attitudes on the 
same issues for half the sample on the 
pre-election survey and for the other 
half of the sample on the post-elec¬ 
tion survey. One of the new attitudes 
measured was a general liberal-con¬ 
servative scale of political ideology. 

The 1972 election featured a liberal 
Democratic nominee, George McGo¬ 
vern, versus an incumbent, moder¬ 


ately conservative Republican nom¬ 
inee, Richard Nixon. In the C.P.S. 
survey, Nixon was placed at 4.9, on 
the average, on the ideology scale 
which ranged from extremely liberal 
(1) to extremely conservative (7), 
while McGovern was placed at 2.4. On 
the average, U.S. adults in this survey 
placed themselves at 4.1, indicating 
more proximity to Nixon than to 
McGovern. 

The results are similar if we look at 
the average, estimates and self- 
placements on 13 specific issues, On 
those issues, McGovern was placed at 
2.9 and Nixon at 4.3, and the sample 
of adults placed themselves at 4.0, on 
the average. The implication is that 
one of the reasons McGovern lost the 
election was that he was seen as too 
far out of the mainstream of U.S. 
politics at the time. Although we do 
not have the data necessary to dem¬ 
onstrate it effectively, the 1972 elec¬ 
tion appears to have been in many 
respects the mirror image of the 1964 
election, which involved a relatively 
extreme conservative Republican 
nominee, Barry Goldwater, versus an 
incumbent, moderately liberal Dem¬ 
ocrat, Lyndon Johnson, who wanted 
to be “president of all the people.” 

Since we are not interested here in the 
attitudes of citizens in 1972 on spe¬ 
cific issues, but rather in how they 
saw the positions taken by the can- 
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didates, we give in Figure 4 the results 
of analyses based on a composite of all 
the issues, (Analyses of specific issues 
in 1972 have been presented in 
Granberg and Seidel 1976; Granberg 
and Jenks 1977; King 1978.) People 
preferring Nixon showed a strong 
assimilation effect in their estimates 
of Nixon’s position, a result virtually 
identical to that shown by Nixon 
voters in 1968, but these same people 
showed no detectable tendency 
toward contrast in their placement 
estimates of McGovern’s position. 
People preferring McGovern did 
show substantial assimilation in their 
placements of McGovern and a very 
slight tendency toward contrast in 
placement estimates of the incum¬ 
bent candidate Nixon. 

There are theoretical reasons for ex¬ 
amining whether the displacement 
effects of assimilation and contrast 
occur to the same extent before and 
after the election. Intending to vote 
for a candidate at a time prior to the 
election is psychologically different 
from having actually voted for a can¬ 
didate—an irrevocable and (nearly) 
undeniable behavioral commitment 
(Kiesler 1971). It might be expected 
that people would show the predicted 
displacement effects to a greater ex¬ 
tent after the election than before 
(Festinger 1964). The most relevant 
data on this point come from com¬ 
paring people who expressed a pref¬ 
erence for a candidate on the pre¬ 
election survey and then reported 
having voted for that same candidate 
on the post-election survey, and who, 
either before or after the election, 
gave their estimates of the candi¬ 
dates’ positions and their own atti¬ 
tudes on the four issue scales that 
were included in both surveys. 

Figure 5 shows that the displacement 
effects were, if anything, slightly less 
in the post-election than in the pre¬ 
election survey. Supporters of Nixon 
showed the same degree of assimila¬ 
tion in both the pre- and post-election 
surveys, while supporters of McGo¬ 
vern demonstrated slightly more as¬ 
similation in the pre-election survey. 
The McGovern supporters further 
manifested a somewhat greater ten¬ 
dency toward contrast of Nixon in the 
pre-election than in the post-election 
survey. Nixon supporters also showed 
a slightly greater tendency toward 
contrast of McGovern in the pre¬ 
election than in the post-election 
survey, but at neither time was this 
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Figure 4. This composite of pre- and post¬ 
election surveys taken in 1972 by C.P.S. shows 
the political positions of McGovern and Nixon 
as estimated by citizens voting for either of the 
two candidates. The 7-point liberal-conser¬ 
vative scale here represents the combined re¬ 
sults of eighteen scales on specific issues used 
in the 1972 surveys. Supporters of McGovern 
and of Nixon showed considerable assimilation 
in estimating the position of their preferred 
candidate. Contrast occurred to only a slight 
extent among McGovern supporters placing 
Nixon, and practically not at all among Nixon 
supporters placing McGovern. 


contrast by the Nixon supporters 
anything more than a very slight 
tendency. 

Overall, the central findings for the 
1972 election are very similar to those 
for 1968. In 1972, both McGovern and 
Nixon supporters showed a strong 
tendency to assimilate in their esti¬ 
mates of the positions of their re¬ 
spective preferred candidate. The 
tendency for Nixon to be assimilated 
by his supporters seems to have been 
unaffected by his having served four 
years as president or by his having 
greatly expanded the base of his 
popular support (from 44% of the vote 
in 1968 to 61% in 1972). In 1968, nei¬ 
ther of the leading candidates was 
contrasted, but in 1972 there was a 
slight tendency toward contrast in the 
estimates of Nixon’s positions by the 
supporters of McGovern. 

The 1976 election 

The 1976 C.P.S. survey of U.S. adults 
included eleven 7-point scales on 
which people placed themselves and 
estimated the positions of the two 
major candidates—the incumbent 
Republican nominee, Gerald Ford,; 
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Figure 5, To see whether the assimilation and 
contrast effects undergo any change from be¬ 
fore to after the election, we plotted regression 
of the citizen’s own political position on the 
' estimate of the candidates’ positions, as derived 
from the 1972 pre-election and post-election 
surveys taken by C.P.S. The estimates are a 
composite, of responses to four issues: the 
Vietnam war, inflation, tax reform, and guar¬ 
anteed jobs. Supporters of Nixon assimilated 
their candidate consistently in pre- and post¬ 
election surveys and contrasted McGovern to 
an almost insignificant degree in both surveys, 
but slightly more in the pre-election survey. 
Supporters of McGovern, on the other hand, 
assimilated McGovern somewhat more and 
also contrasted Nixon to a greater degree on the 
pre-election than on the post-election survey. 
(From Granberg and Jenks 1977.) 


and the Democratic nominee, Jimmy 
Carter. Of these, six (the liberal- 
conservative ideology scale and five 
others) were used in the pre-election 
and five in the post-election survey. 
One issue, pertaining to whether the 
government should guarantee em¬ 
ployment and a certain standard of 
living, was on both the pre- and 
post-election surveys. 

If the range of 3.0 to 5.0 can be 
thought of as the “vital center,” so to j 
speak, both of the major candidates 
in 1976 were seen as being within this 
zone. On the average, people placed 
themselves at 4.2, Ford at 4.9, and 
Carter at 3.2, on the 7-point ideology 
scale. On scales dealing with nine 
specific issues, Carter was placed ai 
3.4 on the average and Ford at 4.1, 
and the respondents’ own positions 
averaged 4.3, (The latter average is 
affected by the extreme opposition to 
busing to achieve racial balance in the 
schools, with an average attitude po¬ 
sition of 6.1.) The general indication 
is that Carter was elected in 1976 in 
spite of the fact that, on both ideology 
and issues, people saw themselves as 
slightly more similar to Ford than to 
Carter. 

Figure 6 presents a composite picture 
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Figure fi. Results based on a composite from 
eleven 7-point scales used in the pre- and 
post-election surveys taken in 1976 by C.P.S. 
show that supporters of both Carter and Ford 
tended significantly to assimilate their candi¬ 
date, but supporters of Carter contrasted Ford 
only very slightly, and supporters of Ford did 
not contrast Carter at all, This form of contrast 
is consistent with earlier findings that the in¬ 
cumbent, but not his opponent, is usually 
subject to a contrast effect. 


of the relationship between an indi¬ 
vidual’s own attitude and the position 
attributed to the candidates in 1976, 
controlling for candidate preference 
and summing across all the issues. 
Supporters of Carter and Ford 
showed a considerable tendency to 
assimilate their preferred candidate. 
Ford supporters did not show any 
tendency to contrast Carter, but 
Carter supporters did show at least a 
slight tendency to contrast Ford—the 
latter was also the only case in this 
survey in which post-election results 
differed noticeably from pre-election 
ones. People in the pre-election sur¬ 
vey who intended to vote for Carter 
did contrast Ford to some extent 
(-.23), but in the post-election survey 
(after Ford had been defeated), peo¬ 
ple who had voted for Carter did not 
contrast Ford (.08). 

The assimilation effects in estimating 
the position of a preferred candidate 
in the 1976 survey were entirely con¬ 
sistent with, and of about the same 
magnitude as, those observed in 1968 
and 1972. As in the two previous 
elections, an asymmetry occurred in 
which a candidate was assimilated 
more by his supporters than he was 
contrasted by people preferring his 
opponent. Another consistent finding 
was that the incumbent was subject to 
at least a slight contrast, whereas his 
opponent was not. 


The 1980 election 

When this article was written the only 
available data on the 1980 election 
that pertained to our research prob¬ 
lem were from a Gallup poll taken in 
June 1980 (Alpern 1980). In a survey 
of 1,080 registered voters, people were 
asked to indicate their own positions 
and to estimate the positions of 
Jimmy Carter, Ronald Reagan, and 
John Anderson on two issues. At the 
time of the poll, it appeared virtually 
certain that Reagan would be the 
Republican nominee and Carter the 
Democratic nominee for president. 
Anderson also had considerable sup¬ 
port as an independent candidate for 
the presidency at the time of the 
survey. 

Figure 7 gives the average attitudinal 
position of the respondents and their 
average estimates of the candidates’ 
positions on the two issues. Reagan 
was seen as the most conservative of 
the three candidates, favoring an in¬ 
crease in defense spending and a 
curtailment of social services pro¬ 
vided by the government. This im¬ 
pression of Reagan’s position was 
undoubtedly a matter of concern to 
many Republicans who did not want 
to see a rerun of the 1964 election. In 
1976, the average placement of Rea¬ 
gan’s position on the ideology scale 
(5,2) was somewhat more conserva¬ 
tive than that of Ford (4,9). However, 
even in 1976, Reagan was seen as 
closer to the center (4.0) than 
McGovern had been in 1972 (2.4). 
Moreover, the average position of the 
citizenry leans slightly right of center; 
also note that, in Figure 7, the average 
position for citizens in the 1980 sam¬ 
ple is very similar to, and only slightly 
less conservative than, the positions 
attributed to Reagan. In the 1980 
survey Carter is seen, as was the case 
in 1976, as slightly to the left of cen¬ 
ter. Anderson is seen as being be¬ 
tween the other two candidates on 
both issues. This suggests that 
third-party, or independent, candi¬ 
dates need not take extreme positions 
on issues in order to make their 
presence felt: the Anderson candidacy 
is ideologically very different from the 
Wallace candidacy in 1968 (compare 
Figures 2 and 7). 

The average estimates of the candi¬ 
dates’ positions, summing across the 
two issues, are given for people pre¬ 
ferring Reagan, Carter, and Anderson 
in Figure 8. Those preferring Reagan 
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Figure 7. In a Gallup poll commissioned by 
Newsweek and taken in June 1980, citizens 
specified their own positions and estimated 
those of the three major presidential candi¬ 
dates on the questions “Should the federal 
government spend more, or less, on defense 
than it is now doing?" and "Should the federal 
government provide more, or fewer, social 
services than it is now doing?” On the average, 
Republican candidate Reagan is placed con¬ 
siderably to the right on these scales, incum¬ 
bent Democrat Carter falls slightly to the left, 
and the position closest to center is attributed 
to independent candidate Anderson, (Alpern 
1980.) 


and Anderson assimilated their re¬ 
spective preferred candidate to a 
similar degree and in a pattern that 
was about the same as had been ob¬ 
served in the three previous elections. 
People preferring Carter, however, 
showed less assimilation in their es¬ 
timates of Carter’s position (.20) than 
in any other case observed. Carter 
also is the first candidate to be con¬ 
trasted more by people preferring his 
major opponent (-.25 for Reagan 
supporters) than he is assimilated by 
people preferring him, 

This is a surprising finding, and no 
adequate explanation is readily ap¬ 
parent, It could not be solely because 
Carter is an incumbent, because 
Nixon in 1972 and Ford in 1976 were 
assimilated more by their supporters 
than they were contrasted by people 
who preferred the other major party 
candidate. It may have something to 
do with when the survey was taken, 
since Anderson supporters also 
showed contrast in June 1980, both of 
Carter and of Reagan. Note in Figure 
8 that, with respect to the placement 
of Carter, it was the people who took 
one of the extreme attitudinal posi¬ 
tions (1 or 7) who produced the de¬ 
viations from linearity and thus di¬ 
minished the assimilation some¬ 
what. 

In the placement of nonpreferred 
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candidates in 1980, the strongest 
contrast was by Reagan supporters 
placing Carter (-.25), next by An¬ 
derson supporters placing Carter 
(-.19), and then by Anderson sup¬ 
porters placing Reagan (-.11) and 
Carter supporters placing Anderson 
(-.11). Reagan was not contrasted by 
Carter supporters (.07), and the con¬ 
trast of Anderson by Reagan sup¬ 
porters was of a trivial magnitude. 
The year 1980 was the first in which 
we have seen a major candidate assi¬ 
milated less by people preferring him 
than he is contrasted by people pre¬ 
ferring his opponent. It will be of 
considerable interest to see if this 
phenomenon continues to appear in 
the surveys taken just before and just 
after the election in November. Apart 
from exceptions noted above, the re¬ 
sults for the 1980 survey are quite 
consistent with the findings from the 
three preceding elections. 

Discerning cause and 
effect 

The model we have been working 
with assumes that assimilation and 
contrast effects occur after, and in a 
sense because of, the attitude that has 
already been formed toward the 
candidate. More specifically, it has 
been assumed that attraction to the 
candidate occurs first and then leads 
to an assumption of similarity to 
self—that is, to assimilation. The 
rather constant finding of a positive 
regression coefficient of the respon¬ 
dent’s own position on the estimated 
position of a preferred candidate is 
consistent with, but not thoroughly 
convincing evidence of, such an in¬ 
terpretation. 

Because the analyses up to here have 
been based on cross-sectional data, 
this positive relationship would be 
equally compatible with the hypoth¬ 
esis that people become attracted to 
' candidates whom they see as taking 
policy positions similar to their own 
attitudes. That is, perceived similar¬ 
ity leads to attraction (Byrne et al. 
1969; Byrne 1971). 

An analytical procedure that is used 
to try to clarify the predominant flow 
of causality in a given context is 
cross-lagged panel correlation (Kenny 
1975). For instance, if the cross- 
lagged correlation between attraction 
at Time 1 and perceived similarity at 
Time 2 were significantly stronger 
than that between perceived simi- 
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’ Respondent's own position 
Figure 8, To study the relationship between the 
citizen’s own position and his estimate of the 
candidates’ positions in 1980, a composite scale 
was developed from the responses to the 
questions on defense spendmg : and social ser¬ 
vices in Fig, 7. Supporters of Carter assimilated 
their candidate only slightly; supporters of both 
Anderson and Reagan show more assimilation 
of their candidates. Supporters of Anderson 
show some contrast of both Carter and 1 Reagan, 
and supporters of Reagan show significant 
contrast of Carter-to a degree surpassing the 
assimilation of Carter by his own supporters. 
This is the first observed case of a candidate’s 
being subject to greater contrast than assimi¬ 
lation. 


larity at Time 1 and attraction at 
Time 2, and if several assumptions 
were met, this would be evidence that 
attraction causes perceived similarity. 

In order to do this type of analysis, it 
is necessary to interview a given 
group, or panel, composed of the same 
specific individuals, two or more 
times, asking the same questions 
about the same candidates during 
each interview. This kind of data is in 
short supply, but we have located and 
analyzed three such situations. 

The first two situations involve Nixon 
and Ford. In the C.P.S. Panel Study 
of 1972,1974, and 1976, people rated 
Nixon in 1972 and 1974 and Ford in 
1974 and 1976 on a 100-degree “feel¬ 
ing thermometer,” which is used here 
as an indication of attraction. Per¬ 
ceived similarity was measured by a 
composite index based on five of the 
7-point issue scales on which people 
gave their own attitudes and esti¬ 
mated the positions of Nixon in 1972 
and 1974 and Ford in 1974 and 1976 
(Granberg and King 1980). Figure 9 
gives the bivariate correlations be¬ 
tween perceived similarity and at¬ 
traction for Nixon in 1972 and 1974. 
and for Ford in 1974 and 1976, 

In the case of Nixon, the correlation 
between attraction in 1972 and per¬ 
ceived similarity in 1974 (.58) was 
significantly stronger [Z = 3.09) than 
the correlation between perceived 
similarity in 1972 and attraction in 
1974 (.41). Also, in regression analy¬ 
ses, attraction in 1972 continued to 
exert a significant effect on perceived 
similarity in 1974 (|8 - .30, F - 22.19, 
p < .001), even after attraction in 
1974, party preference, sex, and edu¬ 
cation had been entered into the re¬ 
gression equation as independent 
variables. On the other hand, the ef¬ 
fect of perceived similarity in 1972 on 
attraction in 1974 was reduced te 
nonsignificance (|3 = -.08, F - 1.43, 
p > .05), after perceived similarity in 
1974, party preference, sex, and edu¬ 
cation had been entered as indepen¬ 
dent variables in the regression 
equation, 

The results in the case of Ford were 
somewhat more equivocal. The two l 
cross-lagged correlations (.49 and.48) 
were not significantly different. 
However, in regression analyses, at-; 
traction in 1974 continued to exert a • 
significant effect on perceived simi¬ 
larity in 1976 (j8 ~ .17, F =12.64, p ; 
C.001), even after the variables of 
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Figure 9. Gross-lagged panel analyses help to 
delermine the direction of causality between 
two phenomena. In the C.P.S. panels of 
1972-74-76 the citizen’s attraction to a candi¬ 
date and the degree to which the citizen per¬ 
ceives similarity between the candidate’s views 
and his own are measured in 1972 and 1974 for 
Nixon and in 1974 and 1976 for Ford (for Nixon 
N = 250, for Ford N = 359). The Nixon corre¬ 
lations give good evidence that attraction 
precedes and leads to perceived similarity; the 


attraction in 1976, party preference, 
sex, and education were controlled. 
Yet, once again, the effect of per¬ 
ceived similarity in 1974 on attraction 
in 1976 was reduced to nonsignifi¬ 
cance (fi = .05, F = 0.81, p >.05) when 
perceived similarity in 1976, party 
preference, sex, and education were 
controlled. These cross-lagged anal¬ 
yses can be interpreted conservatively 
as indicating that it is of least as true 
to argue that attraction leads to per¬ 
ceived similarity as it is to maintain 
that perceived similarity leads to at¬ 
traction. This formulation is partly a 
question of whether people are ra¬ 
tional or rationalizers, and in the po¬ 
litical context we are studying it ap¬ 
pears to be somewhat more the case 
that people are rationalizers. 

The third, and only other, set of panel 
data that we know of which seems 
appropriate for our problem is de¬ 
rived from the pre- and post-election 
C.P.S. surveys of 1976. Here we use 
vote intention in the pre-election 
survey and reported vote for Ford or 
Carter in the post-election survey as 
the indicators of attraction; and we 
use a “guaranteed jobs” 7-point scale 
(the only issue which the; panel re¬ 
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correlation between attraction in 1972 and 
perceived similarity in 1974 is markedly 
stronger than the correlation between per¬ 
ceived similarity in 1972 and attraction in 1974, 
The Ford correlation between attraction in 
1974 and perceived similarity in 1976 is roughly 
equivalent to the correlation between perceived 
similarity in 1974 and attraction in 1976, and 
thus does not indicate a clear direction of cau¬ 
sality between the two phenomena, (From 
Granberg and King 1980.) 


sponded to twice), with the respon¬ 
dent’s self-placement and estimation 
of Carter’s and Ford’s position on it, 
as the basis of computing a perceived 
similarity scale, In Figure 10 it can be 
seen that the cross-lagged correla¬ 
tions for this analysis are not signifi¬ 
cantly different, even though per¬ 
ceived similarity and candidate 
preference are reliably related in each 
observation. The problem is that 
candidate preference here is so stable 
(.91) that a test for the dominant flow 
of causality is, in effect, precluded, 
Ideally, one would have a panel of 
people for whom attraction and per¬ 
ceived similarity are measured with 
comparably graded scales at three or 
four points in time, but such data are 
not now available. Although our panel 
data are not ideal and the results are 
not overwhelming in strength or 
consistency, in general they support 
our interpretation that attraction 
leads to perceived similarity. 

Tentative findings and 
new questions 

Once the basic procedure for inferring 
the occurrence of assimilation and 
contrast effects had been developed, 


it became a rather simple matter to 
examine various possibilities that 
may account for the effects and the 
circumstances under which the ef¬ 
fects occur. The following are a 
working set of empirically grounded 
but tentative conclusions based on a 
large set of statistical analyses both l ; 
from this study and from previous 
research, Although they do not com¬ 
prise an integrated theory, they may 
form the basis of one. In any case, 1 1 
they are empirical statements that 
appear to be true at this time and that i 
probably will be incorporated in, or at if j 
least not contradicted by, any theory 
yet to be developed, 

We have found that people tend to 
assimilate the position of a preferred 
candidate—that is, they displace 
their estimates of a preferred candi¬ 
date’s position in order to bring it ; ■ ; 
closer to their own position than it 
actually is. This inclination may be a j 
specific instance of the more general 
principle that in estimating the at- 
titudinal position of a liked other, the , 

actual discrepancy tends to be greater 
than the perceived discrepancy. The 
assimilation we found tended to be 
relatively strong and reliable, The 
weakest example of this effect was • i 
observed in the estimation of Carter’s 
position by people preferring Carter 
in the June 1980 survey, However, 
even in that instance, the observed i 
relationship was reliably different 
from no relationship, 

Assimilation of a preferred candidate 
appears to be affected by the attrac- $! 
tion relationship and, to a lesser ex- i| 
tent, by a unit relationship with the 
candidate. The attraction relation- I 

ship is best measured by rating of the I 
candidate on the feeling thermome- 1| 
ter, and indicates the affective feeling jl 
of the person toward the candidate, ll 
People rating the candidate high tend 
to assimilate the candidate, while # 
people who rate the candidate at a 
low level do not assimilate. The unit 4 
relationship (Heider 1946) has been S 

measured by the expectation of who |l 
will win the election and thus the j 
anticipation of a shared relationship | 
with the expected winner (Kinder 
1978). It can also be defined as being 4 
a member of the same political party ! | 

as one’s preferred candidate 
(Granberg and Jenks 1977). People || 
who expect their preferred candidate I 
to win often show a stronger assimi- | 
lation tendency than people not ex- I 
pecting their preferred candidate to : -1 
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win. However, this weak difference 
may get washed out in regression 
analyses in which the attraction re¬ 
lationship is controlled. Assimilation 
seems to occur to a greater extent 
among those of the same party as the 
candidate than among those who 
cross party lines to vote for the same 
candidate. For instance, in 1972, Re¬ 
publicans who voted for Nixon 
showed more assimilation in their 
estimates of Nixon’s positions than 
did Democrats or independents who 
voted for Nixon. 

In estimating the position of a pre¬ 
ferred political party, too, people 
show assimilation. In 1972 and 1976, 
people were asked to estimate the 
positions of the political parties as 
well as the positions of the candi¬ 
dates. In 1972, the Democrats who 
voted for McGovern assimilated the 
Democratic Party slightly more than 
they assimilated McGovern, while the 
Republicans who voted for Nixon 
assimilated Nixon slightly more than 
they did the Republican Party. 
Whether one’s preferred party or 
candidate is assimilated more may 
depend on the relative liking of the 
two—-that is, which of the two is rated 
higher on the feeling thermometer. 

Given the individual’s tendency to 
assimilate both candidate and polit¬ 
ical party, we might look for a rein¬ 
forcement effect of some kind when 
commitment to a political party 
coincides with preference for its can¬ 
didates. People who are strongly 
committed to the party of their can¬ 
didate assimilate their preferred 
candidate more than people who 
prefer the same candidate and iden¬ 
tify with the same party but are not 
strongly committed to it (King 1978). 
For example, strongly committed 
Democrats who preferred McGovern 
in 1972 assimilated McGovern more 
than did less strongly committed 
Democrats who preferred McGo¬ 
vern. 

It appears that the degree of assimi¬ 
lation of a preferred candidate on an 
issue is directly proportional to the 
importance attached to that issue as 
a basis for determining the individu¬ 
al's vote. In 1968, for instance, people 
ascribing high importance to the issue 
of urban unrest assimilated their 
preferred candidate on that issue 
more than did people ascribing low 
importance to the issue (Granberg 
and Seidel 1976). This may suggest 


Perceived Perceived 

similarity ' .55 similarity 



Candidate preference Candidate preference 
In pre-election survey in post-election survey 

Figure 10. This cross-lagged panel analysis 
shows correlations between candidate prefer¬ 
ence and perceived similarity (based on a 
composite of own attitude and the position 
attributed to Carter and Ford on the guaran¬ 
teed jobs issue) before and after the 1976 elec¬ 
tion. The correlations are based on data (N = 
668) from the 1976 C.P.S. survey. 


more generally that people voting for 
candidate 0 because of O’a position 
on X assimilate 0 more than others 
who vote for candidate 0in spite of, 
or regardless of, O’s position on X. 

Findings in a similar vein indicate 
that people who are very concerned 
about the outcome of an election 
show greater assimilation in their es¬ 
timates of the position of the pre¬ 
ferred candidate than do people who 
are not so concerned. Concern about 
the outcome seems to be more closely 
related to the occurrence of assimi¬ 
lation than does general interest in 
the election; (One can be interested in 
an election—as entertainment, for 
instance—without being concerned 
about the outcome.) On the other 
hand, people too uninvolved even to 
vote may still prefer a particular 
candidate, and tend to assimilate that 
candidate to a significant degree. 

It is interesting to note that lack of 
assimilation on particular issues may 
highlight the more salient points of a 
candidate’s image. When a candidate 
is seen as taking an extreme position 
on a particular issue, supporters show 
less assimilation of their candidate on 
that issue than do the supporters of 

A; - ' 


other, more moderate, candidates in 
placing their preferred candidates on 
the same issue. George Wallace, for 
instance, was assimilated less by his 
supporters on the issue of urban un¬ 
rest in 1968 than Humphrey and 
Nixon were by their supporters on the 
same issue. 

When a candidate centers his cam¬ 
paign on a key issue regarding which 
he is seen as taking a relatively ex¬ 
treme position, his supporters as¬ 
similate the candidate less on that 
issue than on some other issue on 
which the candidate’s position Is less 
well known. Wallace’s supporters in 
1968 assimilated him more on the 
Vietnam issue than on the issue of 
urban unrest, whereas in 1972 
McGovern supporters assimilated 
McGovern more on the issue of urban 
unrest than on Vietnam. More gen¬ 
erally, assimilation of candidate 0 on 
issue X is directly related to the de¬ 
gree of ambiguity of 0 on X. 

As mentioned earlier, assimilation 
does not depend upon the act of vot¬ 
ing, Nonvoters tend to assimilate 
their preferred candidate to about the 
same degree as did voters preferring 
the same candidate. Regression 
analyses indicate that the act of vot¬ 
ing is not as important a determinant 
of displacement effects as is the atti¬ 
tude toward the candidate (Kinder 
1978). Assimilation and contrast ef¬ 
fects have been observed to occur at 
least, as strongly before an election as 
after it (Granberg and Jenks 1977). 

Data regarding the other side of the 
coin—the contrast tendency—point 
to some interesting variations. In 
general it appears that the tendency 
to contrast is not as strong or reliable 
as the tendency to assimilate a pre¬ 
ferred candidate. That is, in estimates 
of the position taken by a candidate, 
assimilation by supporters of the 
candidate is stronger than the corre¬ 
sponding tendency by those opposing 
that candidate to distort their esti¬ 
mates in order to make the candi¬ 
date’s position appear further from 
their own position than it actually is. 
In our research, this tendency was 
evident in nine of ten instances, the 
placement of Carter by his and Rea¬ 
gan’s supporters being the exception. 
The asymmetry implied in this 
proposition tends to hold true when 
specific issues are being considered, 
but when placements are being made 
on the more abstract ideology scale 


(liberal-conservative), assimilation 
and contrast occur to about the same 
degree. 

Another finding is that an incumbent 
candidate is more subject to a con¬ 
trast effect than is the person chal¬ 
lenging the incumbent. This held true 
in both the pre- and post-election 
surveys of 1972, the pre-election sur¬ 
vey of 1976, and the survey taken in 
June 1980. 

All the evidence indicates that the 
displacement tendencies of assimi¬ 
lation and contrast occur to about the 
same extent in the various gender, 
age, and educational cohorts of our 
society. Our analyses suggest that 
these social psychological processes 
cut across social class and other 
stratification criteria. We do not 
know, however, whether our findings 
are generalizable to other cultures 
with different political systems. 

Several problems encountered in this 
research may bear discussion here. 
First, the model in Figure 1 called for 
a simple direct linear effect of the 
person’s own attitude on the position 
attributed to a preferred candidate,, 
but the effect of own attitude on the 
position attributed to a nonpreferred 
candidate was an inverse step func¬ 
tion. This suggests the possibility that 
contrast may have been stronger if we 
had collapsed the 7-point scales into 
three categories. To investigate this 
possibility we have tried collapsing 
the 7-point scales into 5 or 3 catego¬ 
ries and have also analyzed data 
based on 3-point and 5-point scales. 
The results lead us to believe that the 
findings reported here are not an ar¬ 
tifact of the 7-point scales but are 
consistently evident in the various 
forms of measurement. 

Second, although the data in many of 
the figures are strongly suggestive of 
an assimilation effect, it could still be 
argued that the real or actual posi¬ 
tion of the candidate is unknown and 
that this information is necessary in 
order to give definitive evidence of 
assimilation. While this argument 
may be valid technically, the best that 
can he done with survey data like this 
is to estimate the real position of the 
candidates. The data summarized in 
Figures 2 and 7 conform generally to 
the impression of the candidates’ real 
positions that might be inferred from 
press accounts. In laboratory experi¬ 
ments (e.g. Granberg and Campbell 


1977), it is possible to use the con¬ 
cepts of communicator’s position and 
actual discrepancy with greater pre¬ 
cision. 

A major limitation in this research is 
that we have dealt only with specific 
issues and an ideology scale in the 
context of presidential elections. We 
have not explored the other major 
area of judgments about candi¬ 
dates—namely, their character and 
personal qualities. Ideology and 
issues have increasingly come to be 
seen as important factors in elections: 
in 1972 the voters’ self-designated 
ideology and position on the Vietnam 
scale predicted the vote nearly as well 
as the old standby, party preference, 
However, voters’ assessments of the 
character and personal qualities of 
the candidates are generally recog¬ 
nized as important considerations 
also. 

We intend to take up this second set 
of factors in a similar type of analysis, 
following early leads in the literature 
(McGrath and McGrath 1962; Sigel 
1964), It seems likely that most peo¬ 
ple make a clear distinction between 
their self-concept and their concept 
of an ideal president. We hypothesize 
that the judgments of the personal 
characteristics of a preferred candi¬ 
date will be assimilated more in the 
direction of an ideal president than in 
the direction of the person’s self- 
concept, Whether there will be cor¬ 
responding movement toward con¬ 
trast of a nonpreferred candidate 
based on the concept of an ideal 
president rather than on self-concept 
is an open question. 
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Michael H. Carr 


The Geology of Mars 

Volcanic, tectonic, and fluvial features on the 
surface of Mars record a long and varied geologic 
history 


Mars, the fourth planet from the sun 
after Mercury, Venus, and Earth, has 
been studied more thoroughly than 
any other planet except Earth, 
Spacecraft exploration began in 1964, 
when Mariner 4 flew by Mars and 
sent back to Earth several indistinct 
pictures of a cratered surface. This 
was followed by two additional U.S, 
flybys in 1969 and by the Mariner 9 
orbiter in 1971, The Soviets sent two 
spacecraft to Mars in 1971 and four 
additional vehicles in 1974. Then, in 
the summer of 1976, the Viking 
project placed two elaborately in¬ 
strumented vehicles on Mars’s sur¬ 
face and left two others in orbit to 
make global observations. At the time 
of writing, in mid-1980, one lander is 
still operating, and the orbiter mis¬ 
sions had just ended after 4 years of 
almost continuous data-taking, Of 
particular importance for under¬ 
standing the geology of Mars are the 
orbiter pictures, which cover the en¬ 
tire planet at a resolution of around 
200 m, and which also cover extensive 
areas at higher resolutions, ranging 
down to about 10 m. 
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University of London and his M.S. and Ph.D. 
from Yale University, In 1962 he joined the 
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Viking Orbiter Imaging Team, he has been 
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eras on the Viking arbiters and the data- 
handling systems on the ground, He has su¬ 
pervised the acquisition of more than 60,000 
pictures of Mars and has been involved in 
their analysis—particularly as it pertains, to 
volcanic and fluvial processes, Address: 
Branch of Astrogeologic Studies, USGS, 345 
Middle field Road, Menlo Park, CA 94025. 
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Mars has followed a distinctively 
different evolutionary path from 
those of the moon or Earth. On the 
moon, volcanic activity ceased around 
3 billion years ago, and since that 
time, the surface has remained es¬ 
sentially unchanged except for the 
occasional impact crater. Mars ap¬ 
pears, however, to have been volcan¬ 
ically active throughout its history, 
and its large volcanoes are probably 
still active. Moreover, the surface has 
been modified to varying degrees by 
the wind, and possibly by water and 
ice also. 

Despite these superficial resemblan¬ 
ces to Earth, the differences between 
Earth and Mars are enormous. 
Earth’s geology is dominated by the 
effects of plate tectonics, The motions 
of the plates control the positions of 
continents, mountain chains, and 
ocean deeps and affect the style of 
crustal deformation and the type, 
periodicity, and location of volcanic 
activity. Furthermore, the surface of 
the earth is extensively modified by 
running water, which redistributes 
materials and eliminates extremes of 
relief. In contrast, the crust of Mars is 
relatively stable: ’the mountain 
chains, linear troughs, and transcur¬ 
rent fault zones characteristic of plate 
tectonics are absent, and while it ap¬ 
pears that there have been episodes of 
fluvial erosion, its effect on the re¬ 
distribution of surface materials has 
been trivial. The combination of 
sustained internal activity, no plate 
tectonics, and little fluvial erosion 
and deposition has resulted in a 
planet of enormous surface relief-— 
with volcanoes towering 27 km above 
the surface and vast canyons several 
kilometers deep—on which relatively 
ancient features are preserved in al¬ 
most pristine condition. 


Before discussing the geology in more 
detail, I shall review some properties 
of Mars that might affect geologic 
processes. The equatorial radius of 
3,390 km is a little over half that of 
the earth and close to twice that of the 
moon. The axis of rotation is inclined 
25° to the ecliptic, which means that 
the planet has seasons; however, be¬ 
cause of the relatively high orbital 
eccentricity (0.097), there is a sea¬ 
sonal asymmetry, with summers in 
the south being shorter and hotter 
than those in the north. 

The atmosphere is composed of 95$t 
C0 2l 2 . 7 % N 2) and 1 . 6 % Ar, with lesser 
amounts of 62 , CO, H 2 O, and noble 
gases other than argon (Owen et al. 
1977). It is thin, and a significant 
fraction of the C0 2 condenses on the 
polar caps in winter, which results in 
variations in atmospheric pressure 
from 7 millibars at zero elevation in 
southern winter to 9. mb at zero ele¬ 
vation in southern summer. Because 
the atmosphere is thin, temperatures 
at the surface have wide diurnal and 
seasonal ranges. They vary from as 
low as 140 6 K in winter on the south¬ 
ern polar cap to as high as 290°K at 
midday in summer in mid-southern 
latitudes. At no time or place is liquid 
water stable at the surface; it either 
evaporates or freezes. 

At midsummer in the south, local 
dust storms are common, and a feed¬ 
back mechanism between the amount 
of dust in the atmosphere and the 
magnitude of the tidal winds can re¬ 
sult in a runaway effect, causing most 
of the planet to become engulfed in 
gigantic dust storms. The dust raised 
by the storms generally settles out in 
about 3 months, but the atmosphere 
always retains a significant dust; 
component (optical depth ~ 0 . 8 ). ; 


' i plains with visible flows 
• . undifferentiated plains 

old plains with’mare'ridges jj| basin rims ' layered polar deposits 

Figure 1. As this geologic map of Mars shows, sphere is sparsely cratered. Volcanoes are toward Chryse Planitia from the region north 
most of the southern hemisphere is densely concentrated in Tharsis, Elysium, and Hellas, and east of the vast canyon system, Valles 
cratered, whereas much of the northern hemi- Most large floodlike features drain northward Marineris. (After Mutch et al. 1976.) 



Cratered terrain and 
plains 

Mars is markedly asymmetric in the 
distribution of its surface features 
and in its geologic evolution. It can be 
divided into two hemispheres by a 
plane dipping 50° to the equator and 
oriented so that it intersects the 50°N 
latitude parallel at 330°W. This di¬ 
vision results in nearly all the most 
ancient and most densely cratered 
surfaces falling on the more southerly 
hemisphere and in most of the lightly 
cratered plains and large volcanoes 
falling on the northerly hemisphere 
(Fig. 1 ). In many parts of the northern 
hemisphere, however, remnants of old 
craters protrude through the plains to 
the surface, which indicates that the 
old cratered terrain, albeit consider¬ 
ably disrupted, underlies the plains. 

The elevation of the lightly cratered 
plains in the north is generally 2-3 km 
lower than that of the cratered terrain 
in the south, the main exceptions 
being the anomalously high plains in 
the volcanic regions of Tharsis and 


Elysium. As a result, most of the 
southern hemisphere is higher than 
most of the northern hemisphere. 
The cause of this hemispheric dif¬ 
ference's not known, but a plausible 
explanation is that low-density crus¬ 
tal materials are unequally distrib¬ 
uted. Some support for this view is 
the lack of a gravity anomaly along 
the boundary between the plains and 
the uplands, which suggests a low- 
density crust beneath the high- 
standing uplands that is thicker than 
that beneath the adjacent plains. 

The large number of craters in the 
uplands implies that the surface has 
survived from an early era of intense 
bombardment, On the moon, the 
cratering rate was very high around 4 
billion years ago but shortly thereaf¬ 
ter declined to its present low rate, 
There are good reasons to believe that 
all the terrestrial planets have a sim¬ 
ilar cratering history, the era of in¬ 
tense bombardment coinciding with 
the early period in the evolution of 
the solar system, when objects in 
nearly circular heliocentric orbits 


were being swept up by the planets. 

The cratered uplands of the moon 
and Mars are significantly different 
in detail, however. The lunar high¬ 
lands are saturated with craters of all 
diameters down to several tens of 
meters, which implies that the surface 
is in equilibrium and that old craters 
are destroyed as fast as new ones are 
formed. On Mars, the uplands (Fig. 2 ) 
are saturated only with craters larger 
than about 30 km in diameter, and 
these craters tend to be highly de¬ 
graded. The distribution curves for 
smaller sizes fall far short of satura¬ 
tion, so much so that the density of 
craters 10 km in diameter in the 
martian uplands is over a factor of ten 
less than that in the lunar highlands. 
Moreover, the small craters that are 
present tend to look younger than the 
larger craters. These observations led 
Hartmann (1973) to suggest that the 
early era of intense bombardment was 
accompanied by enhanced crater de¬ 
struction, which resulted in modifi¬ 
cation of the large craters and elimi¬ 
nation of the smaller ones. According 
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plest and most easily understood 
plains are those within 30-40° of the 
equator. They are mostly of two 
types. The first, generally found 
around volcanoes, consists of succes¬ 
sions of clearly identifiable flows, one 
on top of the other. Individual flows 
can commonly be traced for many 
tens—even hundreds—of kilometers. 
Many have lobate flow fronts a few 
tens of meters high, and some have 
leveed channels like those in terres¬ 
trial lava flows, although the Mars 
channels are usually far larger. The 
second type of equatorial plain is al¬ 
most featureless except for super¬ 
posed craters and low ridges that re¬ 
semble those of the lunar maria (Fig, 
3). In some areas, lines of cratered 
cones, low circular shields, and spat¬ 
ter ramparts are identifiable. The 
origin of all these plains is relatively 
unambiguous: they give every indi¬ 
cation of having been formed by re¬ 
peated eruptions of fluid lava, and, 
apart from the occasional impact 
crater and subsequent volcanic 
eruptions, they have undergone little 
modification. 

The high-latitude plains, on the other 
hand, show a wide variety of puzzling 
features and appear to have had a 
complex history of erosion and de¬ 
position, which largely destroyed any 
primary volcanic characteristics. The 
present surface commonly has a be¬ 
wildering array of topographic and 
albedo features, such as polygonal 


lation of ice caused by these changes 
could have affected the erodibility of 
the surface materials and had some 
influence on eolian erosion. A further 
complication arises from the fact that 
the northern plains are probable sites 
of accumulation of fluvial debris de¬ 
rived from large flood features to the 
south. The complex characteristics of 
the northern plains are thus in all 
likelihood the result of the interaction 
of a variety of processes, none of 
which is very well understood. 

One obvious difference between the 
volcanic plains on Mars and those on 
the moon is the ejecta patterns 
around impact craters (see Fig, 3), 
The craters on Mars are surrounded 
by sheets of debris that have numer¬ 
ous indications of having been em¬ 
placed by flow (Carr et al. 1977), 
rather than simply from ballistic 
trajectories, as is generally the case for 
the moon (Oberbeck 1975). So-called 
rampart craters have petal-like ar¬ 
rangements of flows in which each 
ejecta petal has a distal ridge; other 
craters are surrounded by an annulus 
of material with a buckled and 
crumpled surface; still others have 
ejecta with a strong radial fabric. 


The peculiar morphologies have been 
attributed to entrainment of large 
amounts of water and water-ice in the 
ejecta. The flow patterns occur only 
for craters larger than about 1-5 km 
in diameter. Such large craters may 
penetrate the permafrost that exists 
everywhere on Mars, excavating 
water-rich materials from below, 
which then become emplaced almost 
like a mud-flow. The very fluid-ap¬ 
pearing ejecta patterns become less 
common toward the poles, which is 
consistent with the fact that the per¬ 
mafrost is thicker in the polar regions. 
The fluid patterns are not restricted 
to the plains, although that is where 
they are most obvious; they occur on 
all features, even atop the large vol¬ 
canoes. 

Volcanism and tectonism 

In addition to the extensive volcanic 
plains, Mars has many discrete vol¬ 
canoes. The most spectacular are 
large shield volcanoes several hun¬ 
dreds of kilometers across, but nu¬ 
merous smaller volcanoes a few hun¬ 
dred meters across are also present. 
Most of the large volcanoes are in two 
broad provinces: Tharsis, centered on 
the equator at 112°W, and Elysium, 
centered at 25°N, 214° W. Tharsis is 
at the center of a broad rise in the 
martian crust, about 10 km high and 
6,000 km across, depending on how its 
base is defined. Toward the summit 
of the rise are three large volcanoes 


fractures, striped ground, craters on 
pedestals (Fig. 4), closely packed 
dimple-shaped depressions, and ir¬ 
regular-shaped hills. Some of the 
features may result from repeated 
deposition and partial removal by 
wind of debris blankets rich in vola¬ 
tiles such as H 2 0 and CO 2 (Soder- 
blom et ah 1973). Others may be re¬ 
lated in some way to the accumula¬ 
tion and removal of ground ice (Carr 
and Schaber 1977). The 30-40° lati¬ 
tude band is a region of transition 
between those areas nearer the 
equator, where surface materials are 
permanently dehydrated because 
water-ice is unstable with respect to 
the present atmosphere, and those 
areas nearer the poles, where ice is 
stable at the surface for part of the 
year and at relatively shallow depths 
for the entire year (Farmer and Dorns 



with summits 27 km above the Mars 
datum level and 17 km above the 
surrounding plains. These volcanoes 
are enormous by terrestrial stan¬ 
dards. Olympus Mons (Fig. 5), at the 
northwest edge of the rise, towers 25 
km above the surrounding plains and 
is circled by a peripheral cliff 550 km 
across; lavas drape over the cliff and 
extend far beyond, and thus the true 
diameter of Olympus Mons is closer 
to 700 km. Alba Patera, a large vol¬ 
cano north of Tharsis, is over 1,500 
km across, By comparison, the largest 
volcanoes on Earth—those in Ha¬ 
waii-only grow to 120 km across and 
9 km above the ocean floor, 

The volcanoes at the summit of the 
Tharsis rise have all had a similar 
growth cycle. Construction of the 
main shields by repeated eruptions of 


1979) . The stability boundaries shift 
back and forth in latitude in response 
to long-term climate changes caused 
by variations in eccentricity and 
obliquity. Dissipation and accumu- 


Figure 4. Plains at high latitudes are generally 
more complex than those at low latitudes. In 
this plain region at 48°N, 349“ W, are pedestal 
craters, around which remnants of a former, 
thick cover appear to have been retained. The 
frame is 78 km across. 


fluid, probably basaltic lava, at the 
summit and on the flanks was ac¬ 
companied by repeated subsidence at 
the summit to form central calderas 
several tens of kilometers across. In 
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Figure 5. Olympus Mons, the tallest volcano on 
Mars, is 27 km high and is circled by a periph¬ 
eral cliff 550 km in diameter. In several places 
(e.g., the lower left), lavas drape over the cliff 


the late stages of shield-building, 
eruption was confined mainly to the 
northeast and southwest flanks, 
where parasitic vents developed, The 
vast quantities of lava that erupted 
through these vents spread out over 
the surrounding plains and buried the 
lower flanks of the shields (Crumpler 
and Aubele 1978). Olympus Mons 
and Alba Patera appear to have had 
somewhat similar histories, although 
a northeast-southwest asymmetry 
never developed, 

The large size of some of the martian 
volcanoes is probably the result of a 
thick, stable lithosphere (Carr 1973). 
Hawaiian volcanoes grow only for a 
limited length of time—a few hun¬ 
dred thousand years—because 
movement of the Pacific plate on 
which they sit carries them away from 
the magma source. The result is a line 
of extinct volcanoes that extends 
northwest across the Pacific from the 
source of magma beneath the cur¬ 


and extend over the surrounding plains. The 
volcano has probably been accumulating for a 
long period of time—possibly billions of 
years, 


rently active volcanoes on the island 
of Hawaii. On Mars, because there is 
no plate motion, a volcano remains 
stationary over a magma source and 
so can continue to grow as long as 
magma is available. Although crater 
counts on the flanks and calderas of 
the Tharsis shields suggest that 
martian volcanoes are relatively 
young, the flows that originate in the 
peripheral vents have an age range 
indicative of activity that has been 
sustained for a considerable length of 
time—possibly billions of years. 

Even if magma is available, however, 
a volcano can grow in height only if 
the magma can be forced to the vol¬ 
cano summit. The rise is achieved 
largely by the hydrostatic pressure 
head created by the difference in 
density between the magma and the 
rocks through which it passes on its 
way to the surface, The three Tharsis 
shields have the same summit eleva¬ 
tion of 27 km, which is unlikely to be 


a coincidence. It is more likely that 
this represents the limit to which 
* | magma can be pumped on Mars, For 
J terrestrial values of magma and 
mantle densities, the 27*km elevation 
implies a source depth of 200 km. By 
| comparison, the source depth for the 
Hawaiian magma is thought to be 
around 60 km. It appears likely, 
therefore, that the martian litho¬ 
sphere is thicker than the earth’s, a 
conclusion that is consistent with 
most models of the evolution of the 
interior and with models of defor¬ 
mation of the lithosphere under the 
loads created by the volcanoes. Vol¬ 
canoes older than those in Tharsis 
have lower elevations, but whether 
this is because the earlier lithosphere 
was thinner or because of different 
eruptive styles is not known. 


The history of volcanism on Mars is 
one in which activity has become 
progressively more restricted with 
time. Crater densities on the plains 
suggest that most plains were formed 
during the first half of the planet's 
history. Activity in this era appears to 
have been almost global in extent, 
occurring within the old cratered 
terrain as well as in those areas now 
completely covered with volcanic 
plains (Greeley and Spudis 1978). 
Activity during the second half of the 
planet’s history has, however, been 
confined largely to the province of 
Tharsis and possibly Elysium. In the 
last billion years or so, activity has 
occurred almost exclusively at Ol¬ 
ympus Mons and the large shield 
volcanoes at the summit of the 
Tharsis rise. This progressive decline 
in activity is probably connected with 
a general global cooling and a thick¬ 
ening of the lithosphere, 


Spectroscopic evidence and direct 
analyses of the surface materials 
suggest that most of the volcanics are 
iron-rich basalts. Rocks were not an¬ 
alyzed at the Viking landing sites, but 
analyses of the fine-grained debris 
that is moved around the surface by 
the wind showed low A1 and K and 
high Fe and Mg contents, which 
suggests that the source rocks are 
mainly basaltic, and that rocks of 
granitic composition are rare at the 
surface, if present at all (Toulmin et 
al. 1977). This conclusion is consistent 
with the spectral reflectivity of the 
surface, the morphology of the vol¬ 
canic features, the inferred density of 
the mantle, and the origin of Earth’s 
granitic rocks, which were generally 


formed by alteration of subducted 
sedimentary sequences, which are not 
present on Mars. 

The mineralogy of the fine-grained 
debris on the surface is not known, 
but it is widely accepted that it is 
composed mostly of iron-rich clays. 
Such clays could form underground 
by hydrothermal processes or by slow 
weathering of iron-rich rocks by 
groundwater, or at the surface by 
weathering induced by ultraviolet 
light. Those that form underground 
may be brought to the surface by a 
variety of processes, including impact 
and fluvial and eolian erosion. 

As previously indicated, most of the 
large volcanoes are associated with 
the Tharsis bulge. Formation of the 
bulge was clearly a major event in the 
history of the planet. Surrounding it 
are numerous radial fractures, which 
can be traced outward for about 3,000 
km in almost all directions from the 
bulge center at 0° latitude, 110°W, 
and affect almost a third of the plan¬ 
et’s surface. Centered over the bulge 
is a large, positive, free-air gravity 
anomaly. Calculations of surface 
stresses based on the topography and 
gravity that now exist show that the 
present directions of maximum stress 



Figure 6. Extending eastward from the volcanic plateau but contain some layered sediments 

region of Tharsis is a vast system of canyons, that have a lighter tone. The color was recon- 

Valles Marineris. Each of the larger canyons structed at USGS, Flagstaff, Arizona, from 

shown here is about 200 km across and, in this pictures taken by the Viking orbiters with 

section, 4-7 km deep. The canyon floors are different color filters, 
slightly bluer and darker than the surrounding 


(Phillips and Ivins 1979) are almost 

uniformly oriented perpendicular to and g rabens - The system is widest merge with large areas of chaotic 
the fractures. The fractures appear to and deepest in the central section terrain 3,000 km to the east-south- 
result from'the presence of the between 65° and 77° W, where three east, at an elevation of lkm. In these 
Tharsis bulge, rather than from huge, parallel troughs merge to form areas, the surface seems to have col- 
stresses associated with its formation. an almost continuous depression 600 lapsed to form a jumble of jostled 
Old fractures and old lava flows with kra across and over 7 km dee P- blocks 1-2 km below the surrounding 
flow directions consistent with areaSi ^ rom tbese cbaotic regions j 

present slopes indicate that the bulge The canyons appear to be largely large channels commonly emerge and 
formed early in the planet’s history, tectonic in origin. Many of the walls extend northward, down the regional 
possibly before the decline in the are clearly scarps formed by faults s *°P e toward Chryse Plamtia. Ihe 
impact rate around 4 billion years radial to Tharsis, and parts of the same sequence of canyon, chaos and 
ago. A possible cause is mantle con- floor appear downfaulted. But fault- c hamiels is seen to the north of the 
vection triggered by separation of the ing has also triggered gigantic land- mam ca ” yons ! wbere several box 
core. Whether the rise is still being slides, some of which are over 100 km canyons have chaotic terrain on eir 
actively supported by convection or across (Fig. 7). In addition, most of ^ ors and S lve rise to la [2 e channels, 
is passively supported by a thick, rigid the walls are gullied or channeled to P early > *: be canyons, although largely 
lithosphere is unclear, but the vol- some degree, although whether this is tectonic: m origin, are related in some 
canic activity in the region suggests the result of mass wasting or fluvial way to tbe lar & e channels, which ap- 
that the lithosphere may be too thin action is unclear, One of the least P ear ' to be Predominantly fluvial. 


to support the Tharsis loads for bil- understood features of the canyon 

lions of years and that active support system is a series of layered sediments Fluvial and eolian 


may be required. 

On the eastern flanks of the Tharsis 
bulge, and oriented radially to its 
center, is a vast system of canyons, 
Valles Marineris (Blasius et al. 1977). 
Throughout most of its length, the 
system is multiple, consisting of par¬ 
allel canyons up to 200 km across 
(Fig. 6), lines of pits, crater chains, 


found within individual canyons, 
particularly in the central section. 
This has led some observers to spec¬ 
ulate that lakes may have existed 
temporarily within the system at 
sometime in the past. 

The canyons extend from the summit 
of the bulge—at an elevation of 10 
kin-down the flanks until they 


processes 

The numerous channels on the sur¬ 
face of Mars present some of the most 
perplexing problems of martian ge¬ 
ology, for, as we have seen, liquid 
water is unstable at the surface under 
present conditions. The channels can 
be divided into three main types: 
runoff, fretted, and outflow (Sharp 
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Figure 7, This oblique view across an eastern landslides on the far wall. The canyon at this 
section of Valles Marineris shows several point is ~150 km across and 2 km deep. 


and Malin 1975). Runoff channels Fretted channels, which resemble 
resemble terrestrial river valleys and runoff channels except for their wide 
appear to have been formed by the flat floors, are probably formed as a 
slow erosion of running water. They result of secondary enlargement of 
start small, increase in size down- runoff channels by mass wasting, 
stream, and commonly have tribu- since they always occur in areas that 
taries (see Fig. 2). Most are less than abound in features associated with 
1 km across and are up to a few tens of mass wasting, 
kilometers long. They generally stop 

abruptly, as though the flow had dis- Outflow channels start full size (Fig. 
appeared underground. 8), mostly fromareasofchaoticter- 

rain to the east and north of the can- 
Runoff channels occur almost exclu- yons. They have many features (Fig. 
sively in the old, heavily cratered 9) that bear a striking resemblance to 
uplands, which implies an early era of the large Pleistocene flood features of 
temperate climatic conditions, during eastern Washington, which suggests 
which a slow flow of water across the formation by catastrophic floods 
martian surface was possible. Al- (Baker and Milton 1974). Estimates 
though runoff channels are ubiqui- of discharge rates, based on channel 
tous in the cratered terrain, the dimensions, range as high as 10 9 
drainage system is immature, the m 3 /sec—ten thousand times the 
amount of material eroded is rela- mean annual discharge of the Amaz- 
tively small, and erosion has not been on. The cause of the supposed floods 
sustained sufficiently for individual has been the subject of considerable 
streams to dominate large areas, controversy. Suggestions include 


volcanic melting of ice (Masursky et at the surface. Addition of new debris 

al. 1977), eruption of artesian water to the generally circulating mass is 
trapped under high pressure (Carr : extremely slow. Dunes are common 

1979) , and instantaneous liquefaction ; (Fig. 10); they are present within 

of fine-grained, water-charged sedi- many large craters in high southern 

ments. Another plausible hypothesis latitudes, and there is an almost un¬ 
is that these floodlike features were interrupted array around the north 

not formed by floods at all, but are pole. Crater streaks, which form as a 

rather the result of slow erosion by result of selective erosion and depo- 

artesian-fed glaciers (Lucchitta sition in the lee of craters, provide 

1980) . additional evidence of the mobiliza- 

; tion of surface debris. The streaks are 
The outflow channels cut the lightly stable for most of the year but are 

cratered plains, which are seldom destroyed or modified during the 

dissected by runoff channels, and are . great dust storms and re-form during 
thus mostly younger than the runoff the storms’ waning phases, thereby 

channels. A possible explanation is preserving a record of wind directions 

that much of the water that cut the at these times (Thomas and Veverka 

runoff channels earlier supplied a vast 1979). 

artesian system. Subsequent global 
cooling resulted in the development Polar features 
of a thick permafrost, and the 

trapped water migrated to low areas At the poles are some of the youngest 
where substantial pore pressure de- features on the planet. A sequence of 

veloped. The water then either es- layered deposits at least 1-2 km thick 
caped catastrophically to form large extends from each pole out to the 80° 
flood features or leaked slowly to latitude circle. The deposits are 

supply glaciers that have long since almost devoid of impact craters (Fig. 

disappeared. 11), suggesting either a young age or 

some efficient self-annealing process. 
Although the surface of Mars has The succession almost certainly re- 
been exposed to the wind for billions cords variations in deposition, and 
of years, during which there have hence climates, in the recent geologic 
probably been hundreds of millions of past, and in fact, the layering and 

violent global dust storms like those partial dissection of the deposits 

that were closely observed in 1971, suggest that periods of deposition 

1977, and 1979, the effect of wind on have alternated with periods of ero- 

surface topography in most regions is sion. 

quite small. Many of the volcanic 

plains, for example, have crater-size Under present climatic conditions, 

frequencies similar to the lunar maria global dust storms occur in the 

for crater sizes down to as small as 100 southern hemisphere when the 

m. Apparently, the accumulated northern seasonal cap is accumulat- 

erosion on the lava plains over the last ing. As a result, dust is probably in- 

2-3 billion years has not been suffi- corporated into the northern cap as it 

cient to destroy craters of this size, grows. In contrast, when the southern 

Estimates are that the average ero- cap forms, the atmosphere is rela- 

sion rate is no more than 10“ 3 jum/yr ■ tively clear, and therefore little dust 
(Arvidson et al, 1979), is incorporated. Pollack and co* 

workers (1979) estimate that the ac- 
Features associated with wind erosion cumulation rate is 4 x 10' 2 cm/yr; at 

are, however, present in places. Ex- this rate, 30 m-thick layers, such as 

tensive areas of scoured and pitted those observed at the poles, would 

ground are found, for example, take almost 10 5 years to accumu- 

southwest of Olympus Mons (Ward late. 

1979), and, as we have seen, many 

phenomena at high latitudes are Precession of the planet’s rotation 

suggestive of wind erosion, Localiza* axis and the normal to the orbital 

tion of wind erosion in these areas plane causes climatic conditions to 

appears to be due largely to the alternate between the two hemi- 

presence of friable, easily erodible spheres on a 50,000-year cycle (Mur- 

materials at the surface. ray et al. 1973). The caps therefore 

alternate in accumulating dust, and 
The main action of the wind appears ; this may be one cause of the observed 
to be the continuous redistribution of ( layering. The actual situation must be 
the particulate debris that is already : considerably more complicated, 



Figure 8. In this chaotic terrain at I°S, 42°W, connects with other channels. A possible ex- 
a 20-km-wide channel arises abruptly from a planation of the channel’s origin is that water 
40-km depression containing jumbled debris, erupted under great pressure from a confined 
The channel continues eastward, where it aquifer. 



Figure 9. In this area, in the western part of locally funneled through gaps in ridges that 
Chryse Planitia, a vast flood apparently di- obstructed the flow. The largest crater is 16 km 
verged widely over some lava plains and was across. 






Figure 10. Dunes are particularly common in cent-shaped dunes toward the top of the frame, 
high latitudes. Here, at 47°S, 340°W, we see The picture is 60 km across, 
transverse dunes and also some isolated cres- 



Figure 11. Close to the south pole, relatively debris. As climatic conditions change, erosion 
young layered deposits rest on old densely and deposition probably alternate to produce 
cratered terrain. The deposits are, in all like- the dissected, layered sequence observed, 
lihood, accumulations of volatiles and eolian Picture width is 215 km. 


however, since orbital eccentricity 
and obliquity also change with time. 
Variations in eccentricity modulate 
the amplitude of the hemispheric 
differences: during periods of low 
eccentricity, the two hemispheres 
have similar climates, whereas during 
periods of high eccentricity, the 
hemispheric differences are large. 

Variations in obliquity control the 
latitudinal distribution of solar ra¬ 
diation. This affects not only the 
stability of volatiles and the general 
circulation of the atmosphere, but can 
also cause adsorption and desorption 
of volatiles in the regolith. Fanale and 
Cannon (1979) estimate that move¬ 
ment of volatiles in and out of the 
regolith could cause variations in at¬ 
mospheric pressure of as much as a 
factor of ten. Thus, the polar deposits 
are probably the result of deposition 
of dust and condensation of volatiles, | 
and their layering and dissection are 
brought about by a complicated in¬ 
terplay of various factors that affect 
the location and frequency of global 
dust storms, the stability of volatiles 
near the surface, and global wind 
patterns. They are among the youn¬ 
gest geological features recognized on 
the planet. 

From this short overview, we see that 
Mars, like Earth, is a volcanically and 
tectonically active planet, whose 
surface has been affected by the ac¬ 
tion of wind, water, and ice. The 
earth’s surface is dynamic, however; 
the lithosphere is continually being 
recycled through subduction and 
spreading of the ocean floor, and 
materials within the lithosphere are 
being altered, transported, and re¬ 
formed by processes of weathering, 
erosion, and metamorphism. In con¬ 
trast, while there is volcanism on 
Mars, the products simply accumu¬ 
late, almost unaltered, at the surface. 
Fluvial erosion has occurred hut has 
had only a trivial effect on the redis¬ 
tribution of materials across the sur¬ 
face. Weathering takes place but 
probably only extremely slowly be¬ 
cause of inefficient removal of the 
weathered products. Mountains form, 
as do canyons, basins, and impact 
craters, but because of the thick, rigid 
lithosphere and the almost total ab¬ 
sence of running water at the sur¬ 
face, they survive almost unchanged, 
even though they are billions of years 
old. The result is a spectacular planet 
on which geologic features of enor¬ 
mous scale and a wide variety of ori¬ 


gins and ages are almost perfectly 
preserved. 
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John J. Gilbert Developmental Polymorphism in the 

Rotifer Asplanchna sieboldi 

Three distinct female morphotypes, controlled by 
the level of dietary vitamin E, or tocopherol, allow 
this small aquatic organism to adapt rapidly to 
environmental changes 


In some species of protozoans and 
invertebrates, the environment in 
which an individual develops can 
greatly affect its size, its shape, or 
both of these characteristics. The 
capability of organisms of a given 
genetic constitution to express alter¬ 
native morphotypes in different eco¬ 
logical conditions is a phenomenon 
called developmental polymor¬ 
phism, 

When the ciliated protozoan Te- 
trahymena vorax feeds on bacteria or 
assimilates organic compounds di¬ 
rectly from its environment, for ex¬ 
ample, it is 30 to 100 jum long and has 
a small mouth; when it preys on other 
ciliates, however, it reaches a length 
of 150 to 200 jam and has a dispro¬ 
portionately large mouth with an ex¬ 
tensive pharyngeal pouch. The 
transformation in body and mouth 
size occurs when a chemical signal 
associated with ciliate prey is present 
in the environment, triggering a de¬ 
velopmental reorganization that 
permits individuals to capture and 
ingest relatively large prey when they 
become available. 

A better known example of develop¬ 
mental polymorphism is seen in some 
species of the crustacean water flea, 
Daphnia. When the water becomes 
warm and turbulent and food is 
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plentiful, embryos develop into indi¬ 
viduals with large helmeted heads. 
The adaptive significance of this 
polymorphism is still uncertain after 
more than 75 years of investigation. 
One hypothesis is that large helmets 
mechanically protect the water flea 
from invertebrate predators, for in¬ 
stance, some aquatic insects. The 
environmental factors that stimulate 
the production of helmets may be 
correlated with the appearance of 
these predators. 

The morphology of many insects may 
be dramatically modified by the 
conditions of their environment. 
Certain adult aphids have wings only 
when the host plants on which they 
are feeding become unsuitable and 
when dispersal to new plants is thus 
advantageous. Larvae are induced to 
develop into winged adults by physi¬ 
cal contact between individuals as a 
result of crowding and by poor nu¬ 
tritional composition of the host 
plant, stimuli which work through the 
endocrine system. 

The differentiation of certain castes 
in social insects such as termites, ants, 
bees, and wasps provides many ex¬ 
amples of developmental polymor¬ 
phism, Female honeybee larvae de¬ 
velop into workers unless they are fed 
from a very young age on royal jelly 
produced by nurse workers; if given 
such a diet they develop into queens, 
which are highly specialized for re¬ 
production. In the lower termites, 
immature males and females develop 
into specialized reproductives or sol¬ 
diers only in the absence of inhibitory 
exogenous substances produced by 
these castes, The flexible develop¬ 
mental pathways responsible for 
these caste-differentiation systems 
are ultimately controlled by the en¬ 
docrine system. 


Developmental polymorphisms are 
extremely adaptive, permitting rapid 
morphological responses to major 
changes in the environment such as 
the availability of different sizes of 
food, the appearance of certain 
predators, or shifts in the proportions 
of various castes in a colony. When an 
organism is to be exposed to several 
very different environments or is re¬ 
quired to perform several highly 
specialized functions, it may be more 
efficient for that organism to evolve 
a developmental polymorphism, with 
each morphotype adapted to a dif¬ 
ferent environment or function, 
rather than a single morphotype 
which may be a compromise. 

This article is devoted to a develop¬ 
mental polymorphism that occurs in 
the rotifer Asplanchna. Rotifers are 
small metazoans, 50 to 2,000 jam in 
length, containing about a thousand 
cells. On the evolutionary tree they fit 
somewhere between flat worms, such 
as Planaria, and round worms, such 
as Ascaris. They are very common in 
ponds and lakes. In several species of 
Asplanchna, females of the same ge¬ 
notype may express two or three 
morphotypes. The three morpho¬ 
types expressed by A. sieboldi differ 
markedly from one another not only 
in size and shape but also in behavior, 
physiology, and ecology. These pro¬ 
nounced differences led early inves¬ 
tigators erroneously to classify the 
morphotypes as separate species. 

Female polymorphism in A. sieboli 
has fascinated me for the past 15 
years, partly because it can be con¬ 
sidered from many perspectives, in¬ 
cluding those of the biochemist, cell 
biologist, developmental biologist, 
ecologist, and evolutionary biologist. 
As with any developmental poly¬ 
morphic system, a number of general 


questions arise. First, what are the 
characteristic morphological, physio¬ 
logical, and behavioral features of 
each morphotype? Second, what are 
the environmental factors that con¬ 
trol the expression of the different 
morphotypes by the same genotype? 
Third, what are the mechanisms by 
which the inducing factors alter de¬ 
velopment? Fourth, what is the 
functional or ecological significance 
of each morphotype—-that is, what 
were the selective pressures leading to 
the evolution of the polymorphism? 
Fifth, what is the adaptive signifi¬ 
cance of the fact that the develop¬ 
mental polymorphism is controlled 
by a particular environmental factor 
or set of factors? 

There are still many mysteries about 
female polymorphism in A. sieboldi, 
but sufficient information has re¬ 
cently been obtained by a number of 
investigators to provide a reasonably 
comprehensive view of many aspects 
of the system. To appreciate the eco¬ 
logical and evolutionary significance 
of the polymorphism it is necessary to 
know something about the natural 
history of the organism. 

Natural history 

Populations of Asplanchna and other 
rotifers belonging to the class Mono- 
gononta are composed mostly or en¬ 
tirely of females. Males, which may 
appeal’ under specific environmental 
conditions, are structurally degener¬ 
ate and do not feed. Species of these 
rotifers are therefore dominated by 
females and are usually described 
only by the features of this sex. 

Asplanchna (Fig. 1) is a large rotifer 
that lives in the plankton of fresh- 
waters. It is omnivorous, but many 
species have a decided preference for 
animal prey, especially smaller roti¬ 
fers. It swims by means of a crown of 
cilia surrounding its head, or corona. 
Prey are recognized, and may be at- 
tackedy only after they come in 
physical contact with the corona, 
which contains a dilatable mouth. 

Attacked prey may be captured in the 
capacious pharynx and then manip¬ 
ulated into the ciliated esophagus 
with pincer-like jaws. The stomach is 
a blind pouch, into which material 
from a pair of gastric glands is se¬ 
creted. The internal surface of the 
stomach is densely ciliated, facilitat¬ 
ing extracellular digestion, and en¬ 



Figure 1. The structure and internal organs of 
the rotifer Asplanchna sieboldi can be clearly 
seen in this photomicrograph of a slightly 
compressed, living saccate female, The corona, 
or head, of the organism is surrounded by 
threadlike cilia (not in focus) whose rapid 
beating propels the rotifer through the water, 


gulfs small particles in vacuoles for 
intracellular digestion. Undigested 
remains, such as the exoskeletons of 
some rotifer prey, are regurgitated. A 
pair of kidney tubules empties into a 
contractile bladder, which unites with 
the outlet of the reproductive tract to 
form a cloaca; this system performs 
both excretory and osmoregulatory 
functions. The female reproductive 
system consists primarily of a cluster 


The large yellow-green organ below the corona 
is the stomach, which is surmounted by two 
attached gastric glands, Slightly below the 
stomach is a horseshoe-shaped yolk gland; at¬ 
tached to it at the right is a growing oocyte, or 
egg. Two embryos enclosed in the uterus are 
seen at the lower left. X 200. 


of 20 to 30 oocytes, or egg cells; a yolk 
gland, to which each of the oocytes is 
connected by a cytoplasmic bridge; 
and a membranous oviduct, which 
expands to form a uterus. 

Many of the tissues and organs of 
adult rotifers are syncytial—that is, 
no cell membranes separate the 
component nuclei from one another. 
Examples are the esophagus, the 
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Figure 2, Females of the species A, sieboldi may 
express three morphotypes differing in size and 


gastric glands, the yolk gland, and the 
hypodermis. These structures are 
cellular during their early formation 
but become syncytial as the mem¬ 
branes of bordering cells break down 
during the final phase of development 
of the embryo after all mitoses, or cell 
divisions, have occurred. 


f Asplanchna generally reproduces by 
\ female parthenogenesis. One at a 
J) time, oocytes undergo a rapid and 
T pronounced growth, receiving cyto¬ 

plasm synthesized by the yolk gland 
through the connecting bridge. When 
fully grown, each oocyte separates 
from the yolk gland, undergoes a mi- 
Y totic maturation division, and then 

WW. v . develops free in the uterus into a 

Kj 1 J i diploid female. Diminutive but fully 

** ; differentiated offspring are extruded 

^ -j from the cloaca. Postnatal growth is 

considerable but involves no cell or 
cruciform, or humped, morphotype seen at the nuclear divisions, 
right with its two lateral body-wall outgrowths 


shape as well as in behavior, physiology, and fully extended; and the even larger campanu- 
ecology: the small saccate, or sac-like, mor- late, or bell-shaped, morphotype at the left. All 
photype shown in the center; the much larger photographs are of adult females, 


Asplanchna may also reproduce 
sexually. In this case, each oocyte 


Figure 3. This diagram of the life cycle of A, 
sieboldi indicates the complex developmental 
pathways by which the three female morpho¬ 
types may be expressed. The amictlc (female- 
producing) saccate female shown at the left 
may produce another amictic saccate or an 
amictic cruciform female, perpetuating asexual 
reproduction, or a mictic (male-producing) 


cruciform female, initiating a period of sexual 
reproduction, Arrows indicate the five possible 
types of offspring that an amictic cruciform 
female might in turn produce: amictic saccate, 
amictic or mictic cruciform, or amictic or mictic 
campanulate, An amictic campanulate female 
may produce any one of four types: amictic or 
mictic cruciform, of amictic or mictic cam¬ 


panulate. The birth of a mictic female results 
in bisexual reproduction, The haploid eggs 
carried by mictic females develop into males, 
which may then fertilize the haploid eggs of 
other mictic females to produce diploid resting 
eggs, The cycle is completed when the diploid 
resting eggs develop after varying periods of 
time into amictic saccate females, 
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undergoes two meiotic maturation 
divisions, during which the chromo¬ 
some number is halved, and then de¬ 
velops parthenogenetically into a 
relatively small, degenerate, haploid 
male. If males inseminate young fe¬ 
males producing such haploid eggs, 
these eggs may be fertilized and de¬ 
velop into diploid resting eggs, which 
are actually encysted female embryos 
in an arrested state of development. 
These embryos have an extremely low 
metabolic rate and are surrounded by 
a multilayered and sometimes ela¬ 
borately ornamented shell. Resting 
eggs may remain viable in the sedi¬ 
ments of ponds and lakes for long 
periods—as long as 10 to 30 years in 
some genera. They are critical in es¬ 
tablishing new populations following 
periods of unfavorable conditions, 
and also permit the dispersal of the 
species from one environment to an¬ 
other, probably by animal vectors. 

With a few exceptions, individual fe¬ 
males in monogonont rotifers produce 
either only diploid or only haploid 
eggs. The former, so-called amictic, or 
female-producing, females are mor¬ 
phologically indistinguishable from 
the latter, so-called mictic, or male- 
producing females. Bisexual repro¬ 
duction is initiated when amictic fe¬ 
males produce mictic-female off¬ 
spring. Production of mictic females 
is controlled by environmental fac¬ 
tors; depending on the species, it may 
occur intermittently or quite regu¬ 
larly, at a particular time of year. 
Laboratory studies have shown that 
the primary controlling factor varies 
with the species: in Notommata co- 
peus it is long photoperiods; in some 
species of Brachionus, a factor asso¬ 
ciated with high population density; 
and in several species of Asplanchna, 
female polymorphism which is regu¬ 
lated by dietary factors. This brings 
us back to the phenomenon of female 
polymorphism in Asplanchna. 

Asplanchna morphotypes 

The most pronounced polymorphism 
in Asplanchna is exhibited by A. 
sieboldi (Pig. 2). (Unless otherwise 
noted, all references are to this 
species.) The first report of female 
polymorphism was that of von Daday 
(1888). He found that small saccate, 
or sac-shaped, animals could produce 
offspring which were much larger and 
which had pronounced humps, an 
observation repeated by Lange 
(1911), Powers (1912), and Wesen- 



Figure 4. Cruciform females are distinguished 
by four body-wall outgrowths whose size is re¬ 
lated to the amount of tocopherol in the tissues 
of the organism, These outgrowths furnish 
mechanical protection from cannibals and 
perhaps other predators. When the female 
withdraws her corona upon contact with a 
predator, the lateral outgrowths, normally 
collapsed (above), are fully extended (below), 
increasing the effective size of the organism and 
making it more difficult to capture. X 70. 


berg-Lund (1930). Powers also dis¬ 
covered that the cruciform, or 
humped, morphotype could give birth 
to yet another, even larger, campan¬ 
ulate, or bell-shaped, morphotype. 

The life cycle of A. sieboldi and the 
morphotype transformations it ex¬ 
hibits are shown diagramatically in 
Figure 3. The female morphotypes 
sketched in this figure and described 
below are discrete; however, the 
morphological variation is continu¬ 
ous, and intermediate forms may 
occur. My summary of the biology of 
the female morphotypes is based 
primarily on observations of a clone 


we have studied in our laboratory. 
This clone appears to be very similar 
to others and hence is probably rep¬ 
resentative of the species as a 
whole. 

The bodies of adult saccate, cruci¬ 
form, and campanulate females are 
respectively 500 to 800,1,000 to 1,400, 
and 1,200 to 1,800 pm long. Saccates 
are cyclindrical, whereas cruciforms 
have four humps, or body-wall out¬ 
growths—two lateral, one postero- 
dorsal, and one posterior. The lateral 
outgrowths are normally collapsed 
and held against the sides of the body 
by a transverse muscle, but are 
popped out when the female with¬ 
draws her corona and creates positive 
pressure in her body cavity (Fig. 4). 
Campanulates have a disproportion¬ 
ately broad corona compared to sac¬ 
cates and cruciforms. 

The three morphotypes differ greatly 
in their diets. The size of a prey or¬ 
ganism that an A. sieboldi individual 
can capture and eat is a direct func¬ 
tion of the size of that individual. For 
example, saccates readily ingest and 
can be easily cultured on the ciliated 
protozoan Paramecium aurelia, 
while cruciforms and campanulates 
are too large to eat this prey type and 
rarely attack it. In our laboratory, 
females of these larger morphotypes 
are cultured on other rotifers, gener¬ 
ally smaller Asplanchna of the same 
or another species, which are too large 
for saccate females to eat. Hurlbert 
and his co-workers (1972) examined 
the stomach contents of populations 
in experimental ponds and found that 
all morphotypes ate rotifers but that 
campanulates ate much larger items 
as well, including small copepods, 
cladocerans, and even occasional in¬ 
sect larvae and nymphs. 

Perhaps consistent with their larger 
size and hence greater dietary de¬ 
mands, campanulates are more 
voracious predators than saccates or 
cruciforms. Of all the morphotypes, 
they are the most inclined to orient 
toward and subsequently capture 
prey which have touched marginal 
areas of their coronae. 

Campanulates are also much more | 
cannibalistic than the other morpho- 
types. Saccates often attack new¬ 
born conspecific saccates, but because 
of the relatively large size of these 
prey they rarely succeed in capturing: 
them and are never able to ingest 
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Figure 5. This graph illustrates the relationship 
between the amount of tocopherol available to 
A. sieboldi saccates and the size of the body- 
wall outgrowths characterizing their cruciform 
offspring! The morphotypic scale of 1 to 6 
shown at the left is used, with a score of 1 in¬ 
dicating just detectable outgrowths and 5 
designating maximally developed outgrowths, 
The black line represents the mean mor¬ 


photypic score of a population of cruciforms; 
other lines show the frequencies with which 
offspring of each morphotypic score occur in 
the population. The resulting configuration 
suggests that the cruciform morphotype can be 
induced by very low levels of tocopherol, and 
that within a certain range of tocopherol con¬ 
centrations the size of the body-wall out¬ 
growths corresponds roughly to the dose. 



Morphotypic scale 


them (Gilbert, in press), Cruciforms 
are less likely to attack saccates of 
their own species than saccates of A 
intermedia and rarely attack con- 
specific individuals of their morpho¬ 
type. In one experiment, for example, 
A, sieboldi cruciforms attacked only 
2% of the conspecific cruciforms they 
contacted but almost all of the A. in¬ 
termedia cruciforms they encoun¬ 
tered (Gilbert 1976a and in press). 
Campanulates, on the other hand, 
readily attack all morphotypes of 
both their own and other species 
(Gilbert 1976a). 

Hurlbert and his colleagues (1972) 
found that campanulates in experi¬ 
mental ponds were frequently can¬ 


nibalistic, with sometimes up to 70% 
of the individuals containing con- 
specifics in their stomachs, while 
cruciforms were only rarely so. This 
discrepancy in the levels of canni¬ 
balism found in these two morpho¬ 
types is consistent with our labora¬ 
tory findings. 

One of the major differences among 
morphotypes is their mode or modes 
of reproduction. Saccates are always 
amictic, while cruciforms and cam¬ 
panulates may be either amictic or 
mictic (see Fig. 3). In the case of cru¬ 
ciforms, the likelihood that they will 
be mictic increases with the size of 
their body-wall outgrowths. In some 
experiments, 63% of cruciforms with 
maximally developed outgrowths 
were mictic, while 43% of saccate- 
cruciform intermediates with mod¬ 
erately developed outgrowths were 
mictic (Kabay and Gilbert 1977a). 
Similarly, campanulates with no 
perceptible body-wall outgrowths are 
less likely to be mictic than cruci- 
form-campanulate intermediates, In 
one experiment, 40% of the former 
were mictic, while 74% of the latter 
were mictic (Gilbert, unpubl.), 

Thus, the morphotype expressed by 
A. sieboldi determines the mode of 
reproduction. Populations of com¬ 
pletely saccate females will be entirely 
asexual, while populations including 
cruciforms and campanulates will 
exhibit some bisexual reproduction, 
the level depending upon the relative 
abundance of these two morphotypes 


and the degree of development of 
body-wall outgrowths found in cru¬ 
ciform individuals. 

The saccate morphotype seems to 
have a somewhat greater fecundity 
and potential for numerical growth 
than the cruciform and campanulate 
morphotypes. Such comparisons, 
however, are very difficult to make, 
since saccates have to be cultured on 
a different diet than the two larger 
morphotypes and since diet may have 
a dramatic influence on fecundity, In 
one experiment at 25° C, saccates 
cultured on Paramecium aurelia 
produced an average of about 8.5 
offspring per female; by contrast, 
those cultured on the rotifer Bracbi- 
onus calyciflorus produced an aver¬ 
age of about 17.5 offspring per female 
(Gilbert 1976b). In another experi¬ 
ment, at 26°C, amictic cruciforms and 
campanulates fed on Asplanchna 
brightwelli produced averages of 
about 11.3 and 10.7 offspring per fe¬ 
male, respectively (Gilbert, unpubl). 
Population growth rates calculated 
for the amictic saccate, cruciform, and 
campanulate females in these exper¬ 
iments were respectively 3.7 to 5.3, 
2.3, and 2.7 individuals per female per 
day (Gilbert, unpubl.). Thus, at least 
with the foods that have been used, 
saccate females seem to have the ca¬ 
pacity for a higher rate of increase via 
parthenogenetic reproduction than 
the other morphotypes. Numerical 
increases by the cruciform and cam- 
panulate morphotypes will be further 
reduced, relative to that of the saccate 


morphotype, because a large propor¬ 
tion of these morphotypes will be 
mictic and thus will produce either 
males or dormant embryos, neither of 
which contribute to population 
growth. 

Morphotype 

transformations 

Since the three female morphotypes 
can be expressed by individuals de¬ 
rived parthenogenetically from a 
single female and hence have exactly 
the same genes, the control of mor¬ 
photype expression is due entirely to 
the influence of environmental fac¬ 
tors during development. 

Mitchell (1913a,b) noted that saccate 
females of A. sieboldi produced cru¬ 
ciform and mictic-female offspring 
when the alga Euglena was present in 
the cultures. Similar observations 
were made on this species by Kiechle 
and Buchner (1966) and on the less 
dramatically polymorphic species A. 
brightwelli by Birky (1964). I have 
frequently confirmed this relation¬ 
ship in both species, using cultures 
containing Paramecium aurelia and 
either Euglena or another alga, 
Chlamydomonas, and have shown 
that the stimulus is contained within 
a lipid fraction of the algal cells 
themselves and is not an extracellular 
product (Gilbert 1968). I have dem¬ 
onstrated that the stimulus is also 
present in spinach leaves, that it is 
neither a chlorophyll nor a carotenoid 
pigment, and that it is a neutral lipid 
(Gilbert 1967,1968), 

Final identification of the active 
component was achieved through a 
collaborative study with G. A. 
Thompson, Jr. (Gilbert and Thomp¬ 
son 1968). Plant lipids were frac¬ 
tionated by chromatography, and 
each fraction was assayed for cruci¬ 
form-inducing activity. Material was 
bioassayed by emulsifying it and then 
adding it to cultures of young, saccate 
females fed on Paramecium aurelia, 
which incorporates the lipid particles 
and is in turn ingested by the rotifers. 
The offspring of these saccate females 
are then examined for development 
of body-wall outgrowths and assigned 
a score from 1 to 5 on a morphotypic 
scale devised by Birky and Power 
(1969), with 1 and 5 indicating re¬ 
spectively no and maximal body-wall 
outgrowths. Using these procedures, 
we were able to identify a single, 
chromatographically pure, active 
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Figure 6. The testing of synthetic derivatives 
whose molecular structures are similar to that 
of tocopherol confirms that cruciforms are in¬ 
duced specifically by d-a-tocopherol. The full 
length of the side chain is essential, as evi¬ 
denced by the total inactivity of 2,5,7,8-tetra- 
methyl-2(4 , ,8'-dimethylnonyl) • 6 - hydroxy ■ 


material. By determining its ultra¬ 
violet and infrared absorption spectra 
and by preparing and analyzing sev¬ 
eral derivatives, we demonstrated 
that it was a specific molecular form 
of vitamin E: a-tocopherol. 

The tocopherol molecule is synthe¬ 
sized almost exclusively by pho¬ 
tosynthetic organisms, with relatively 
very small amounts also being pro¬ 
duced by some fungi (Draper 1970; 
Litton and Gilbert 1975). In plants, 
a-tocopherol is localized in chlo- 
roplasts and probably serves only as 
a lipid antioxidant, preserving the 
photosynthetic biomembrane (Lich- 
tenthaler and Grumbach 1974). 

Asplanchna obtains tocopherol when 
it ingests algal or plant material di¬ 
rectly or, as happens much more fre¬ 
quently, when it eats herbivorous and 
possibly detritivorous prey, such as 
most small, planktonic rotifers and 
crustaceans. No metazoan is known to 
have the potential to synthesize to¬ 
copherol. 

The cruciform morphotype in A. sie¬ 
boldi is induced by very low levels of 
tocopherol (Fig, 5). Saccate females 
produce some offspring with just 
detectable body-wall outgrowths 
(morphotypic scores of 2) when cul¬ 
tured in 10" 14 to 10~ 13 moles per liter 
of a-tocopherol (Gilbert 1975a,b). 
Experiments using radioactively la¬ 
beled tocopherol have shown that the 
bodies of individuals with just de¬ 
tectable outgrowths contain 5 -10 X 
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chroman. Tests of a-tocotrienol produced only 
very slight activity, demonstrating that the 
saturation of the side chain with hydrogen 
atoms is also important, The presence of the 
hydroxyl group appears to be a third necessity; 
the activity of «-tocophermine is relatively 
slight, only 0,2% that of d-a-tocopherol. 


10" 16 moles or 0.2 to 0.4 picograms of 
tocopherol per individual (Birky and 
Gilbert 1972). 

The cruciform morphotype is very 
specifically induced by the tocopherol 
molecule. Antioxidants that can re¬ 
place tocopherol in some vertebrate 
systems are without such effect in 
Asplanchna; furthermore, many to¬ 
copherol derivatives that have high 
tocopherol activity in certain verte- 1 
brates have little or no such activity 
in Asplanchna (Gilbert and 
Thompson 1968; Gilbert and Birky 
1971; Gilbert 1975b). The structure of 
the tocopherol molecule and some ; 
particularly interesting synthetic 
derivatives which have been tested 
are shown in Figure 6. 

Perhaps the most striking example of 
the molecular specificity required for l 
the induction of cruciforms is the ef¬ 
fect of the three-dimensional orien¬ 
tation of a-tocopherol at carbon atom 
number 2. When the side chain is ro¬ 
tated to the left at this center (I- 
a-tocopherol), the molecule is only 7 
about 0.005% as active as when this 
chain is rotated to the right (d -a-to¬ 
copherol). The complete inactivity of 
2,5,7,8-tetramethyl-2 (4',8'-dimeth- : i 

ylnonyl)-6-hydroxychroman shows 
that the full length of the side chain 
is critical. The very slight activity of 
a-tocotrienol shows that saturation of 
the side chain with hydrogen atoms is ; 
very important. Finally, the fact that f ■ 

the activity of a-tocopheramine is : 
only 0.2% that of the corresponding f 
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Figure 7. The proportions of cruciform and 
campanulate daughters produced by nmictic 
cruciform and campanulate females cultured 
with tocopherol and congeneric prey reveal a 
marked difference in the ability of the two 
morphotypes to produce campanulates. For 
reasons that are not yet understood, cruciform 
females can produce only a few campanulate 
offspring. 


culturing cruciforms on a smaller 
species of Asplanchna (A. bright¬ 
welli) in the presence of 10 -8 to 10~ 7 
moles per liter of d-a-tocopherol 
(Gilbert 1973a, 1977, and unpubl.). 
Thus two factors seem to be necessary 
for development of the campanulate 
morphotype. One is dietary tocoph¬ 
erol, and another is a mysterious di¬ 
etary component found in congeneric 
individuals and also in some other 
organisms such as Moina. 


tocopherol demonstrates the signifi¬ 
cance of the hydroxyl group. 

Incidentally, the body-wall outgrowth 
response of A. sieboldi to tocopherol 
has a number of characteristics which 
make it admirably suited for use as a 
bioassay for this compound. First, it 
is 10 6 to 10 8 times more sensitive to 
tocopherol than commonly used rat 
bioassays and about 10 2 times more 
sensitive than a spectrofluorometric 
assay (Gilbert and Birky 1971; Kabay 
and Gilbert 1977b). Second, as dis¬ 
cussed above, it is very specifically 
induced by tocopherol. Third, it is 
unaffected by large amounts of con¬ 
taminating lipid and thus can be used 
on impure preparations without loss 
of sensitivity (Gilbert 1975b). 

The control of the transformation 
from saccate to cruciform by dietary 
tocopherol does not seem to he ap¬ 
preciably modified by other envi¬ 
ronmental variables. For example, the 
density of food and the temperature, 
pH, and osmolarity do not greatly 
influence responses to known doses of 
d-a-tocopherol (Kabay and Gilbert 
1978). The population density of the 
Asplanchna, however, may affect the 
sensitivity of individuals to tocoph¬ 
erol, Birky (1969) has shown that in¬ 
creasing the density of the rotifer 
populations exposed to tocopherol 
increases the magnitude of the 
body-wall outgrowth response of the 
offspring and that this effect is due to 


some chemical factor or factors lib¬ 
erated into the environment by the 
rotifers themselves. 

Tocopherol exerts its primary influ¬ 
ence on the offspring of saccate fe¬ 
males during their development in 
utero. The tocopherol molecule, 
which is readily assimilated and effi¬ 
ciently retained in tissues by 
Asplanchna and other rotifers (Birky 
and Gilbert 1972; Litton and Gilbert 
1976), passes from the stomach into 
the body cavity and the uterus. The 
tocopherol is then incorporated into 
the developing embryo, where it in¬ 
duces the development of body-wall 
outgrowths which are, up to a certain 
point, proportional in size to the 
amount of tocopherol incorporated 
(Birky and Gilbert 1972). Tocopherol 
can induce body-wall outgrowths 
even at late stages of embryogenesis 
but not during postnatal develop¬ 
ment (Riggs and Gilbert 1972). All 
embryos in saccate females have the 
potential to produce body-wall out¬ 
growths (Gilbert 1975a). 

The induction of the campanulate 
morphotype is poorly understood. 
Powers (1912) found that this mor¬ 
photype appeared in laboratory 
populations which were either can¬ 
nibalistic or feeding on the water flea 
Moina macrocopa but not in those 
eating the rotifer Brachionus. We 
have induced campanulates in both 
A. sieboldi and A. intermedia by 


Powers also noted that only a very 
small proportion of his A. sieboldi 
cruciforms had the potential to pro¬ 
duce campanulate offspring. I have 
confirmed this finding. In two sepa¬ 
rate experiments where amictic cru¬ 
ciforms were cultured individually 
from birth with tocopherol and A 
brightwelli prey, only 3.6% of the 84 
offspring produced by 7 cruciforms 
were campanulate, the rest being 
cruciform (Gilbert, unpubl.). Simi¬ 
larly, only some of the offspring of 
amictic campanulate females cul¬ 
tured with tocopherol and congeneiic 
prey are campanulate. In two differ¬ 
ent experiments, campanulates cul¬ 
tured from birth with tocopherol and 
congeneric prey were found to pro¬ 
duce 47% campanulate and 53% cru¬ 
ciform offspring (Gilbert, unpubl.). 

Figure 7 shows the approximate 
frequencies with which cruciform and 
campanulate offspring are produced 
by parents of these two morphotypes 
when they are cultured with tocoph¬ 
erol and congeneric prey. These 
frequencies can be used to calculate 
the proportions of cruciform and 
campanulate females produced by a 
population at equilibrium under 
these conditions. Assuming equal 
reproductive and survival rates for 
females of both morphotypes and 
probabilities of 0.6 and 0.4 that cru¬ 
ciform and campanulate females will 
be mictic, 89% of the females born in 
such a population will be cruciform 
and 11% will be campanulate (Gil-j 
bert, unpubl.). 


It is curious that only a few females 
have the ability to express the cam- 
panulate morphotype. The special 
nature of those offspring—what it is 
that makes them potentially cam¬ 
panulate—is completely unknown. 


I There are several reports that saccate 
I A. sieboldi may produce campanulate 

f offspring directly (Powers 1912; 

Hulbert et al. 1972), but I have been 
unable to induce such a transforma¬ 
tion (Gilbert, unpubl.). 

Effects of tocopherol 

Tocopherol seems to induce the rel¬ 
atively large cruciform and campan¬ 
ulate morphotypes by affecting a 
number of events which promote 

■ growth during development. Much of 
the information we have obtained on 
this subject was derived by comparing 

! A. intermedia saccate and campan¬ 
ulate females (Table 1), but it is likely 
that the same processes also occur in 
A. sieboldi. 

Tocopherol stimulates cytoplasmic 
growth, both prenatally and postna- 
taliy. Such prenatal growth has been 
demonstrated in A. sieboldi by two 
types of observations: (1) presump¬ 
tive saccate-female embryos can be 
induced to develop body-wall out¬ 
growths during late, postmitotic de¬ 
velopment (Riggs and Gilbert 1972), 
and (2) the total number of nuclei in 
the hypodermises of saccate, cruci¬ 
form, and campanulate females is the 
same (Birky 1968; Gilbert et al, 1979). 
Evidence for the ability of tocopherol 
to stimulate cytoplasmic growth 
postnatally is the fact that saccate 
neonates of A. intermedia cultured 
with tocopherol become 7 to 13% 
larger than those cultured with an 
inactive tocopherol analog (Gilbert 

■ 1974). 

Tocopherol has a slight but signifi¬ 
cant stimulating effect on the number 
of nuclear divisions occurring during 
the development of some organs. In 
both the gastric and yolk glands of A. 
intermedia, nuclear numbers are 
significantly greater in campanulate 
( than in saccate females (Wurdak and 
| Gilbert 1976) (see Table 1). Tocoph- 
[ erol induces a comparable increase in 
; nuclear number in these same tissues 
| in both A. brightwelli and A. sieboldi 
j (Birky 1968). Also, in A. sieboldi, 
saccate females have 20 to 40 excre¬ 
tory flame bulbs on each kidney tub¬ 
ule, while cruciform and campanulate 


females have respectively 40 to 60 and 
80 to 115 of these structures (Powers 
1912). It has not been established, 
however, that an increase in the 
number of anucleate flame bulbs is 
associated with a corresponding in¬ 
crease in the number of nuclei in the 
tubule. 

Tocopherol causes an increase in nu¬ 
clear' size in some tissues. In A. in¬ 
termedia, the volumes of gastric and 
yolk gland nuclei, calculated from 
mean minimum and maximum nu¬ 
clear dimensions (Wurdak and Gil¬ 
bert 1976) using the formula for a 
prolate spheroid, are considerably 
greater in campanulate than in sac¬ 
cate females (Gilbert, unpubl) (see 
Table 1). 

Tocopherol stimulates the level of 
DNA production in the nuclei of the 
gastric glands and also possibly in 
those of the yolk gland (Jones and 
Gilbert 1977) (Table 1). This may 


exhibit varying levels of DNA syn¬ 
thesis during the postmitotic phase of 
embryological development in all 
morphotypes of A. intermedia, but 
the proportion of nuclei with higher 
levels of DNA is greater in campan¬ 
ulate than in saccate females. In the 
gastric gland, but not the yolk gland, 
the maximum level of nuclear DNA is 
also higher in campanulates than in 
saccates. The entire genetic comple¬ 
ment appears to replicate in these 
nuclei, because each increment in 
DNA level represents an approximate 
doubling. 

Tocopherol, then, seems to promote 
growth in a number of ways: through 
cytoplasmic enlargement both before 
and after birth, through increased 
numbers of nuclear divisions, and 
through increased levels of DNA du¬ 
plication. Since only a few tissues and 
organs have been examined, it is not 
possible to rank the relative impor¬ 
tance of these processes. 


just noted. The nuclei of these organs The basis for the induction of meiotic 


Table 1, Body weights, nuclear numbers, nuclear sizes, and DNA levels in saccate and 
campanulate females of A. intermedia 


Variable 

Adult female 

Saccate Campanulate 

P* 

Percent 

difference 

Biomass [pg dry wt/9) 

2.15 ±,05* 

6,38 ± .07 


198 

DNA concentration (ng/jug dry wt) 

9.3 ±. 2 

9.2 ± .2 


0 

Nuclear number 

gastric gland 

16.1 ±. 2 

20.4 ±,2 

<0,001 

27 

vltellarlum 

43,9 ±.7 

47.6 ±1,2 

<0.01 

8 

Nuclear size (jum) 
gastric gland 

min, dim, 

8.7 ± .3 

10.5 ± .3 

0.001 

21 

max, dim, 

12,4 ±.5 

12.7 ± .4 

0.63 

2 

vltellarlum 

min, dim, 

16.7 ±.7 

19.0 ±.5 

0.02 

14 

max. dim. 

21,0 ±.9 

24.8 ±.8 

0,008 

18 

Nuclear volume (jum 3 ) 

gastric gland 

3,931 

5,865 


49 

vltellarlum 

24,536 

37,503 


53 

Relative DNA/nucleus 

oocyte 

2,779 ±129 

3,040 ± 146 

0,19 

9 

gastric gland 

9,234 ±541 

14,881 ± 1,347 

<0.001 

61 

vltellarlum 

56,671 ± 3,443 

66,805 ± 4,792 

0.09 

18 

" Probability that the difference between the two means Is due to chance, 



f Values are means ± S.E, 
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maturation divisions in mictic fe¬ 
males is not known but probably 
cannot be attributed directly to to¬ 
copherol. Although all mictic females 
in A. sieboldi belong to the tocoph¬ 
erol-induced cruciform and cam- 
panulate morphotypes, only a certain 
proportion of individuals belonging to 
these morphotypes are mictic. 

Functions of 
morphotypes 

Saccate females have the potential for 
much more rapid numerical increase 
than cruciform or campanulate fe¬ 
males, as pointed out earlier. Also, 
since saccate females are relatively 
small, they require much less food to 
sustain a given rate of reproduction 
than would the much larger cruciform 
and campanulate females. The func¬ 
tion of the saccate morphotype, then, 
may be to facilitate population 
growth after the hatching of some 
individuals from resting eggs and 
before the initiation of a period of less 
rapid and partially sexual reproduc¬ 
tion associated with the induction of 
cruciform and campanulate females. 
Without prior colonization by saccate 
females, the production of mictic fe¬ 
males and males by cruciform and 
campanulate females might be inef¬ 
fective. A high incidence of sexual 
reproduction probably requires a 
relatively high population density of 
sexual forms to permit frequent, 
random encounters between males 
and mictic females, which are fertil- 
izable for only a short period of time 
after birth. 

Cruciform females are adapted for 
several functions. First, their much 
greater size in comparison with sac¬ 
cate females permits them to eat prey 
too large for saccate females to cap¬ 
ture. Thus, when relatively large ro¬ 
tifers and small crustaceans are 
available, they can be utilized better 
by cruciforms than by saccates. Sec¬ 
ond, the body-wall outgrowths of 
cruciform females protect them from 
being eaten by other cruciforms and 
especially by campanulates of their 
own species (Gilbert 1973b, 1976a). 
When a cruciform is contacted by a 
cannibalistic conspecific, it withdraws 
its head, causing its body-wall out¬ 
growths to be extended (see Fig. 4), 
These turgid outgrowths greatly in¬ 
crease the effective size of the cruci¬ 
form and almost always mechanically 
prevent the cruciform from being 
captured. Third, cruciform females 


are usually mictic, producing males or 
resting eggs. The production of cru¬ 
ciform females by a population of 
saccate females, then, initiates a pe¬ 
riod of sexual reproduction and the 
formation of resting eggs. 

Campanulate females are primarily 
adapted to eat large prey, including 
individuals of their own species. Their 
relatively great size and very broad 
coronae make it possible for them to 
capture and ingest organisms that are 
too large even for cruciforms to han¬ 
dle. The broad corona may also be an 
adaptation to increase the number of 
prey organisms contacted. The coro¬ 
na is the only prey-detection device of 
Asplanchna, and the wider it is, the 
greater may be the probability than 
an Asplanchna swimming randomly 
at a given speed will bump into a prey 
organism. At times campanulates 
may be effective cannibals (Powers 
1912; Wesenberg-Lund 1923; Hum¬ 
bert et al. 1972), despite the fact that 
they usually have great difficulty 
capturing even young individuals of 
their own and especially the cruci¬ 
form morphotype (Gilbert 1976a). 
Powers (1912) noted that cannibalism 
by campanulates could cause a dra¬ 
matic decrease in the proportion of 
cruciforms in laboratory cultures. 

The occasional production of cam¬ 
panulate offspring by cruciform fe¬ 
males cultured on a diet of conspecific 
or crustacean prey may be highly 
adaptive. Let us consider a hypo¬ 
thetical natural population, In the 
presence of tocopherol and prey or¬ 
ganisms such as small rotifers, cam¬ 
panulates would not be induced, and 
the population would be composed 
entirely of cruciforms. If this type of 
prey were to become exhausted, then 
a few cruciforms could perhaps be¬ 
come cannibalistic, or possibly begin 
to eat crustacean prey, and therefore 
produce some campanulate offspring. 
These campanulates would be much 
more effective cannibals or predators 
of crustaceans than the cruciforms 
and therefore might gradually come 
to dominate the population. Through 
such a shift in morphotype frequen¬ 
cies, the population might survive, 
and perhaps even thrive, in an envi¬ 
ronment where food was generally 
unavailable for cruciforms. 

The ability of the campanulate mor¬ 
photype to maintain a population 
through cannibalism or ingestion of 
crustacean prey is enhanced by the 


fact that it appears to have a greater 
potential for numerical increase than 
the cruciform morphotype. Amictic 
campanulates can produce offspring 
faster than amictic cruciforms, and 
campanulates are somewhat less 
likely to be mictic than are cruci¬ 
forms, as noted above. 

The fact that some campanulates are 
mictic assures the continuation of 
sexual reproduction and of the pro¬ 
duction of resting eggs even if the 
entire population should shift over to 
the campanulate morphotype. Thus 
sexual reproduction occurs whenever 
tocopherol-dependent morphotypes 
are present, but the level of such re¬ 
production is highest when the pop¬ 
ulation is exclusively cruciform and 
decreases as the proportion of cam¬ 
panulates increases. 

Frequency distribution 

The frequency distribution of female 
morphotypes in natural populations 
of A, sieboldi must be the result of 
many factors influencing both the 
induction of the different morpho¬ 
types and their ability to survive. In¬ 
formation obtained from the labora¬ 
tory permits the following syn¬ 
thesis. 

Individual rotifers containing 
below-threshold amounts of tocoph¬ 
erol in their tissues are invariably 
saccate. Rotifers containing above¬ 
threshold amounts of tocopherol may 
be either cruciform or campanulate. 
When levels of tocopherol sufficient 
to induce cruciform and campanulate 
females are present in the tissues of 
individuals in a population, a number 
of very different factors may deter¬ 
mine the relative abundance of these 
morphotypes. First, induction of 
campanulates seems to require the 
ingestion of congeneric or crustacean 
prey. Thus the types of prey available 
and actually eaten can influence the 
proportions of the two tocopherol- 
dependent morphotypes. Second, if 
the diet is suitable for the induction 
of campanulates, the proportion of 
. campanulates generated by the pop¬ 
ulation would depend on certain re¬ 
productive parameters: the proba¬ 
bilities that amictic cruciform and 
campanulate females will produce 
campanulate - offspring, the proba¬ 
bilities that the cruciform and cam¬ 
panulate females will be amictic, and 
the relative reproductive rates of 
amictic cruciform and campanulate 


females. Third, the frequency distri¬ 
bution of cruciform and campanulate 
females actually observed in the 
population may be a result of the 
relative susceptibility of these two 
types of females to cannibalism and 
their vulnerability to various inver¬ 
tebrate and vertebrate predators. 

Little is known about the temporal 
succession of morphotype frequency 
distributions in natural populations. 
When Hurlbert and his co-workers 
(1972) examined a number of exper¬ 
imental ponds for periods of up to 
about 50 days, they found that sac¬ 
cate females were the first to occur 
and that both cruciform and cam¬ 
panulate females appeared later. Al¬ 
though all three types of females were 
sometimes present, the populations 
were usually composed either pri¬ 
marily of saccates or of cruciforms 
and campanulates. Such patterns are 
consistent with the fact that resting 
eggs always hatch into saccate fe¬ 
males and with our knowledge of the 
induction of the different morpho¬ 
types. 

Why tocopherol? 

Why might it be adaptive for the fe¬ 
male polymorphism exhibited by 
Asplanchna to be dependent upon 
tocopherol? The many studies in our 
laboratory devoted to this question 
have led to the following rather com¬ 
plex interpretation (Gilbert 1980). 

The basic response to tocopherol is a 
growth increase, which results in the 
production of either the cruciform or 
the campanulate morphotype. This 
growth response permits Asplanchna 
to ingest larger prey more easily. 
These prey, probably mostly rotifers 
and small crustaceans, would often be 
algivorous and would therefore con¬ 
tain high levels of tocopherol. 

Tocopherol seems to provide an 
adaptive stimulus for the induction of 
large female morphotypes for at least 
three reasons. First, since tocopherol 
is synthesized almost exclusively by 
photosynthetic organisms and is 
readily assimilated by herbivorous 
zooplankton (Litton and Gilbert 
1975, 1976), its ingestion by the 
predatory Asplanchna signals the 
availability of rotifer and crustacean 
prey. Second, since tocopherol is 
readily assimilated into the tissues 
and efficiently transmitted to the 
embryos of Asplanchna (Birky and 


Gilbert 1972; Litton and Gilbert 
1976), it is able to exert its inductive 
effects during both embryogenesis 
and postnatal development in this 
rotifer. Third, tocopherol itself can 
promote growth in Asplanchna by 
stimulating cell divisions, cytoplasmic 
enlargement, and additional nuclear 
DNA duplication. Thus the same 
molecule that indicates the avail¬ 
ability of herbivorous zooplankton 
also induces the growth response 
which subsequently permits the more 
efficient utilization of these prey. 

It may have been adaptive for the 
production of mictic females to be¬ 
come associated with this growth re¬ 
sponse, and hence with the occur¬ 
rence of the cruciform and campan¬ 
ulate morphotypes, because the 
growth response indicated conditions 
favorable for a period of sexual re¬ 
production. The ingestion of herbiv¬ 
orous zooplankton signaled by to¬ 
copherol would probably indicate the 
availability of a very good diet. A good 
diet, in turn, would often be related to 
a high or increasing population den¬ 
sity suitable for facilitating contacts 
between males and mictic females 
and would permit the synthesis of the 
energy-rich reserves found in resting 
eggs. Such reserves are probably 
necessary to sustain prolonged dor¬ 
mancy. 
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“We now have the ability to predict many events with much certainty. 
Unfortunately, most of them are elections.” 


Harold Goodgiass Disorders of Naming Following Brain 
Injury 

Observation of the effects of brain injury adds 
another dimension to our understanding of the 
relations between neurological and psychological 
factors in the naming process 


Suppose we try to recall a forgotten name. 
The state of our consciousness is peculiar. 
There is a gap therein, but no mere gap. It 
is a gap that is intensely active. A sort of 
wraith of the name is in it; beckoning us 
in a given direction, making us at mo¬ 
ments tingle with the sense of closeness 
and then letting us sink back without the 
longed for term. If wrong names are pro¬ 
posed to us, this singularly definite gap 
acts immediately so as to negate them. 
They do not fit into the mould. And the 
gap of one word does not feel like the gap 
of another, all empty of content as both 
seem necessarily, when described as gaps. 
(William James, Principles of Psychology, 
1893] 

In this famous passage, William 
James vividly captured the subjective 
experience of the search for a known 
but elusive word. More recently, ob¬ 
servations of the effects of brain in¬ 
jury have shed new light on the rela¬ 
tion between neurological and psy¬ 
chological factors in this basic com¬ 
ponent of language. In this article I 
have set out to give the clinical con¬ 
text in which name-finding disorders 
occur, to describe their varied mani¬ 
festations, and to review the investi¬ 
gative approaches that have been 


taken toward making more explicit 
the psychological nature of the de¬ 
fects and certain of their neurological 
correlates. 

Brain injuries in the peri-sylvian re¬ 
gion of the left cerebral hemisphere 
commonly result in aphasia—im¬ 
pairment in the ability to use lan¬ 
guage. If this impairment merely 
varied in degree of severity, affecting 
all aspects of spoken and written 
language uniformly, it would still be 
a phenomenon of great theoretical 
importance. Its importance lies in the 
fact that aphasia was the first evi¬ 
dence of lateral functional asymmetry 
in the brain, revealing that in almost 
all adults language functions depend 
on the integrity of only the left side of 
the brain, 

But, in fact, aphasia may impair the 
components of language in highly 
selective fashion, and the repeatedly 
observed correspondence of particu¬ 
lar selective patterns of impairment 
to specific lesion sites within the 
language zone has shed considerable 
light on the functional organization of 
the cerebral language system. Those 
selective impairments which concern 


as in the case of a patient who could 
read “hymn” but not “him.” They 
may name any written number but 
fail with letters or common objects. 
These and many similar observations 
serve notice that the brain’s system 
for encoding and executing language 
processes is not transparent to the 
“common sense” logic by which we 
approach language. 

The most common of the specific 
linguistic deficits are those affecting 
syntax, on one hand,- and concept¬ 
naming, on the other, and it is the 
latter which are the starting point for 
this consideration of naming disor¬ 
ders. The clinical appearance of iso¬ 
lated naming difficulty (termed 
anomic aphasia) is that of a patient 
whose conversation appears normal 
in grammatical structure, articulatory 
rate, and intonational pattern but is 
empty of substantive content, be¬ 
cause the patient cannot supply the 
information-carrying nouns, principal 
verbs, and adjectives at their appro¬ 
priate points in the flow of his mes¬ 
sage. In their place are vague cir¬ 
cumlocutions, such as “that thing” for 
specific nouns, or various forms of the 
verb “do” in place of specific verbs. 
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School of Medicine, and Director of the Boston 
University Aphasia Research Center. He has 
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research on brain-language relationships, as 
seen in both normal and brain-injured indi¬ 
viduals. The work reported here was sup¬ 
ported by the Medical Research Service of the 
Veterans Administration and by grants from 
the NIH. Address: Psychology Service, Boston 
V.A. Medical Center, 150 S. Huntington Ave., 
Boston, MA 02130. 


linguistically or psychologically de¬ 
fined components of language pose 
the greatest challenge to the investi¬ 
gator who would try to understand 
brain-language relationships. In 
many instances these impairments 
create dissociations that would not be 
anticipated from experience with 
normal language. For example, aph- 
asics may be able to understand the 
spoken names of American cities and 
geographical features and to locate 
them on an outline map but fail to¬ 
tally to understand names of common 
body parts. They may read aloud 
words which denote objects but fail 
with the'simplest grammatical words, 


An example of the speech output of 
an anomic aphasic is the following 
(patient is discussing her young son’s 
career): “Well he was two years away, 
away down for nothing, He didn’t do 
it and got out and said I want to go 
over there and... how to do things, 
what he’s doing now.” 

Some patients use ingenious and 
amusing devices to fill in the gaps in 
their speech. The patient quoted 
above, referring to her daughter’s 
marriage, said, “And then she, you 
know .,; dum-dum-dedum” to the 
tune of the melody of the wedding 
march. 
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When asked to name objects on visual 
presentation, the anomic aphasic may 
comment on their function; for ex¬ 
ample, “You eat with it,” for a fork, or 
he may comment on his experience 
with them, “I have one at home” or "I 
always use that.” 

Some patients immediately recognize 
and repeat the sought-for word when 
it is offered by the examiner, while 
others may react to it as unfamiliar, as 
though their failure is not merely one 
of recall, but one involving a total 
dissociation between the concept of 
the referent and its assigned pho¬ 
nological form. Some patients need 
only to hear the initial sound to bring 
the word forth while others are un¬ 
aided by this form of prompting, 
When attempting to repeat a sen¬ 
tence containing a number of sub¬ 
stantives, they recall the sentence 
form but almost immediately lose the 
key words. Thus “The ship sailed into 
the harbor” may be repeated as “The 
ship came into the place.” The lesion 
site most frequently associated with 
anomic aphasia is the temporo-pari¬ 
etal junction, but virtually identical 
naming defects are seen with diffuse, 
nonfocal brain function impair¬ 
ment, 

A three-stage model of 
naming 

While patients with pure anomic 
aphasia constitute a small fraction of 
aphasics, impaired access to vocabu¬ 
lary is almost a constant feature in 
aphasia, but its particular character 
differs in ways that suggest that the 
process of word retrieval may be in¬ 
terfered with at different stages, and 
that various types of naming failure 
may hold the solution to the normal 
naming process and its aberrations in 
everyday life. The notion that there 
are stages through which the word- 
retrieval process unfolds is encour¬ 
aged both by intuitive analysis and by 
a first look at the varied' clinical 
manifestations of naming disorders. 
In the most common view (cf. Wolf, in 
press), step one entails recognition of 
the stimulus and arousal of its se¬ 
mantic representation. This is pre¬ 
sumably followed by retrieval of the 
phonological representation of the 
intended word and, in turn, by the 
activation of a motor articulatory se¬ 
quence guided by the phonological 
representation. In the following re¬ 
view of clinical symptoms we will 
refer to the stages in this sequence. 


As we have observed, failure to re¬ 
trieve words may be expressed by 
circumlocution or by simple failure to 
respond. One of the classical symp¬ 
toms of aphasia, however, is para¬ 
phasia: the utterance of incorrectly 
chosen, altered, or totally neologistic 
words. The examination of para- 
phasic efforts at naming appears to 
betray the associative links in the 
structure of the memory for these 
words. For example, the response 
may be semantically related: “flower” 
as a response to a picture of a tree. It 
may be related by a purely phonolo¬ 
gical association: “whisper” for a 
picture of a whistle, “handlebars” for 
a picture of candelabra. It may be 
both phonologically and semantically 
triggered: “brush” for a picture of a 
broom, or “sticks” for a picture of 
stilts. It may be so remote as to pro¬ 
vide little or no hint of the associative 
basis—e.g. “thermometer” for tele¬ 
scope. It may represent an innovative 
use of English compound-forming 
rules as “heart-beater” for a picture 
of a stethoscope. Or, as a total neolo¬ 
gism, one may hear “tokel” for 
trellis. 

The foregoing instances of paraphasic 
word retrieval have in common the 
fact that the sound structure of the 
target word either totally escapes the 
patient or contributes only fleetingly 
to his response. They have in common 
as well the fact that they occur most 
frequently in patients with lesions 
affecting the posterior speech 
zones—i.e. the temporal and tem- 
poro-parietal areas. The most floridly 
far-fetched paraphasias are produced 
by patients with Wernicke’s apha¬ 
sia—those with lesions of the superior 
temporal convolution who manifest 
impaired comprehension and fluent 
paraphasic speech. These patients, on 
testing by picture confrontation, 
often prove to be totally incapable of 
evoking any object name—almost 
every response being a paraphasia. 
These failures suggest a breakdown at 
step two of our model, the stage of 
phonological retrieval. Indeed, in 
cases of semantic or jargon para¬ 
phasia, one may question the integ¬ 
rity of the initial semantic represen¬ 
tation. 

There is, however, a family of par¬ 
tially correct productions whose 
character suggests that, at some level 
of inner speech, the patient has a 
complete or nearly complete model of 
the phonological form of the word— 


its length and stress pattern and the 
sequence of its major sounds. In these 
instances, it would appear that the 
breakdown is at stage three, the stage 
of articulatory implementation. Here 
again, performances fall into two 
classes. In one class, errors are related 
to impairment of articulatory move¬ 
ments themselves, typified by the 
omission of initial consonants or of 
initial unstressed syllables and the 
simplification of consonant clusters 
(e.g. “air” for chair, “seep” for sleep). 
In the second class, errors represent 
the intrusion of off-target sounds or 
syllables or the transposition of the 
order of sounds (e.g. “zokiad” for zo¬ 
diac). The former occur primarily in 
the context of generally awkward ar¬ 
ticulation and typically result from 
anterior speech zone lesions. The 
latter are characteristic of patients 
with facile articulation and posterior 
speech zone lesions (see Fig. 1). 

If we are to approach a neuropsy¬ 
chological model for the process of 
evoking and producing concept 
names, three other forms of clinically 
observed dissociation must be taken 
into account: those related to channel 
of sensory input, those related to 
channel of motor output, and those 
related to the semantic class of the 
target concept. Selective brain dam¬ 
age may leave the sensory experience 
intact but prevent it from evoking the 
linguistic form, The patient “knows” 
what he has seen or felt but cannot 
name it unless it is experienced 
through another sensory channel. 

One form of this phenomenon is seen 
in patients who have suffered a lesion 
of the corpus callosum (Geachwind 
and Kaplan 1962; Gazzaniga et a! 
1965), The corpus callosum is the 
principal bundle of fibers carrying 
information between the two halves 
of the brain. If it is severed, the pa¬ 
tient’s tactile experience gained 
through the left hand is confined to 
the right cerebral hemisphere, where 
it cannot mobilize a linguistic re¬ 
sponse, and his efforts to name usu¬ 
ally result in confabulation. Ges- 
chwind and Kaplan showed that the 
patient’s appreciation of the identity 
of the object can be demonstrated by 
having him draw it with his left hand. 
Naming by touch with the right hand 
is unimpaired, since the sensory 
pathway brings tactile information to 
the left cerebral hemisphere where it 
is available to the language system. 
Analogous effects are demonstrated 


\ in the visual mode by presenting 
\ pictures for naming to one side or the 
1 other of the visual field. Similarly, the 
; left hand, whose motor control lies in 
the right hemisphere, is unable to 
write the names of objects, while the 
right hand can write normally. 

Anomia restricted to tactile presen- 
i tation in either hand has been de- 
' scribed by Spreen and co-workers 
(1966) and anomia to auditory pre¬ 
sentation has been reported by Denes 
and Semenza (1975). It is probable 
that all of the modality-specific 
naming disorders can be accounted 
for on the basis of disconnection of 
; the language area from the output of 
the sensory system involved. In terms 
of the three-stage model, the failure 
is at stage one, since the semantic 
representation is confined to the right 
cerebral hemisphere. Dissociations 
between written and spoken object¬ 
naming and dissociations between the 
naming of objects vs. colors vs. letters 
will be described below. 

The naming disorders observed in 
aphasia differ not merely in degree 
and frequency from those of normal 
speakers but they display features 
unknown in normal experience. 

1 Unlike the normal speaker, who 
has secure and automatic access to 
high-frequency nouns, the failures of 
the aphasic patient may extend to the 
most common words or may be scat¬ 
tered across the frequency range—as 
with a patient who failed to name 
“bed,” but promptly named “ab¬ 
acus.” 

2. Unlike the normal speaker, who 
retains a word for some time when he 
has been aided to overcome a block in 
recalling it, the aphasic may within 
seconds be unable to repeat the word 
which has been supplied for him. 

3. Only in aphasia do we find sharp 
delineation of word retrieval dif¬ 
ficulties along the lines of semantic 
categories—e.g. objects but not col¬ 
ors; letters but not numbers. 

4. While inadvertent paraphasic 
substitutions may be made from time 
to time by normal speakers, they may 
occur in euery attempt to speak by an 
aphasic patient, and they may be so 
semantically remote or so neologistic 
in their phonological structure as to 
he out of the range of normal speech 
errors. 



Figure 1, The four major syndromes of aphasia, naming, can be traced to usual sites of injury in 

each with its characteristic form of error in the language zone of the brain. 


5. Only brain damage can so disso¬ 
ciate the ordering of articulatory ac¬ 
tivity from word knowledge as to 
generate totally unintended syllables 
which cannot be corrected even with 
a model for repetition. 

6. Only with aphasia is it possible to 
observe the preservation of verbal 
retrieval in written form without the 
ability to recall the sound of the spo¬ 
ken word. 

With my associates at the Boston 
Veterans Administration Medical 
Center I have been probing these 
disorders of naming for a number of 
years in the hope of bringing about a 
more coherent understanding of the 
relationship between these puzzling 
symptoms. Our investigations have 
taken advantage of the sensitivity of 
aphasic patients’ performance to 
changing stimulus tasks in order to 
identify those features of word re¬ 
trieval which underlie naming in all 


subjects and those which are specific 
to patients with particular forms of 
aphasia, and hence with injury to 
■different portions of the anatomical 
language system. The review begins 
with consideration of studies bearing 
on stage one—factors related to the 
arousal of the semantic representa¬ 
tion. 

Semantic organization in 
the brain 

Because of casual observations that 
aphasic patients commonly display 
remarkably good performance on 
naming numbers and letters, or on 
selecting them by name from a mul¬ 
tiple-choice display, We designed our 
aphasia examination so as to provide 
a sampling of stimuli from each of five 
semantic classes—objects, colors, 
numbers, letters, and actions 
(Goodglass et al. 1966). By 1964 we 
had accumulated 135 records for 
analysis, of which 72 cases had also 
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objects letters numbers actions colors 

Figure 2, A sample of 135 aphasics of all types ability) and deviantly low scores (impairment) 
was tested for naming ability and auditory is shown here by number of patients. Inter¬ 
comprehension of five classes of stimuli. The mediate scores indicate neither selective 
distribution of deviantly high scores (preserved preservation nor selective impairment. 


been judged by a group of clinicians of the 26 possible letters, 6 of about 10 

as falling into the three major group- common color words, 6 out of hun- 

ings of Broca’s aphasia, Wernicke’s dreds of picturable actions, and 6 out 

aphasia, and anomic aphasia, Of the of thousands of picturable objects— 

categories selected, only color naming one might reasonably attribute dif- 

had been recorded in the literature as ferences in naming to the effect of set 

selectively disturbed in any group of size on ease of recall. Further, since 

brain injured subjects. It was known the sets differ in frequency of word 

that both the evocation of names for usage, they may be expected to be 

colors and the ability to match a differentially available as a function 

spoken word to a color sample were of their frequency in daily life 

commonly impaired in instances of (Rochford and Williams 1965). Our 

pure alexia (loss of reading ability), clinical observations, however, had 

even though all other linguistic led us to doubt that such theoretically 

functions might be intact (Geschwind trivial quantitative considerations 

and Fusillo 1966). Selective preser- accounted for the observed dissocia- 

vation of the ability to repeat num- tions-in part because these disso- 

bers and letters after the examiner ciations were often of alhor-none 

had also been described by Goldstein character, and in part because the 

(1948) in several cases of conduction same category of terms might be se- 

aphasia. lectively preserved in one patient and 

selectively impaired in another. 

Since the categories chosen represent 

samplings from sets of different For the analysis of our data, we re¬ 
sizes— e.g. 6 of the 9 possible digits, 6 corded the number of patients for 


whom a particular semantic category ; lection for certain selective naming 
was either higher or lower than at difficulties remains an unsolved 
least three of the remaining four problem. An entry into it may lie in 
categories by a margin of 25% of the the analysis of the differing psycho¬ 
total possible score. For a few pa- logical demands entailed in re- 
tients, this allowed two categories sponding to various classes of stimuli, 
(e.g. both numbers and letters) to be A possible approach to this analysis 
entered as selectively spared or im- may come from the study of the se- 

paired. mantic structure of words and the 

relation of naming to the semantic 
As inspection of Figure 2 shows, in the field, 

case of objects, letters, and action 
pictures, the patterns for compre¬ 
hension and for naming are in marked Sensory channels to 
opposition to each other and there- concept arousal 

fore cannot be accounted for by word _ 

frequency or size of set. In particular, Curiously, our study of semantic 

object names are most frequently the structures had a roundabout begin- 

hardest to name but, along with ac- ning, from an investigation of the 

tions, the easiest to understand. Let* possible autonomy of naming systems 

ter names, in contrast, are most fre- associated with different channels of 

quently easiest to encode vocally but sensory perception. The study was 

least successfully decoded from au- motivated by prior reports of naming 

ditory presentation. The opposition failures restricted to visual stimulus 

between naming and comprehension presentation (Freund 1889), superior 

of numbers is less dramatic, hut still naming of olfactorily over visually 

statistically significant by the Chi presented stimuli (Vandette, 1964 

Square test and opposite to the dis- thesis), and selective impairment of 

tribution for letter names. tactile naming (Spreen et al. 1966). 

We asked (Goodglass et al. 1968) 
Further evidence that there is a spe- whether aphasics as a group would 
cial relationship between cerebral; demonstrate greater disparities than 
language organization and the pro-' normals in their ability to name to 
cessing of different semantic word visual, tactile, auditory, and olfactory 
classes arises from comparisons he- stimulus presentation. If this were the 
tween the three aphasic subtypes, case, it would argue for at least partial 
representing lesions in the anterior independence of modality-specific 

(Broca’s), mid-posterior (Wer- naming systems. If not, it would 

nicke’s), and posterior (anomic aph- suggest that, whatever the stimulus, 
asics) portions of the speech zone. By it must first activate a word-concept 
a fortunate coincidence, the three which is common to all modalities, 
groups were closely matched with 

respect to object-naming, which thus After determining that all of our 27 
served as a common reference point aphasic patients and 24 controls (12 
with respect to the special word neurologically normal and 12 non- 
categories. aphasic brain-injured) could match 

: olfactory, auditory, and tactile stimuli 
As shown in Table 1, Broca’s aphasics: to pictures, we tested their speed and 
were relatively deficient in naming accuracy for naming in the following 
numbers and letters, while Wer- way. Forty-eight photographs of 
nicke’s aphasics were superior in let- objects were assembled, of which 

ter naming and anomies were superior sixteen could be named by touch 

in all the special word categories, but (spoon, comb), sixteen by sound 
particularly in letter naming. The ( (typewriter, saw) and sixteen by 
scores for word naming and compre- smelling from a vial (onions, fish), 
hension were entered into a discriia- The pictures, odors, sound record- 
inant analysis, to determine how wel! ings, and objects for touch were 
diagnostic class membership would grouped in blocks of eight and pre- 
be predicted merely from the config- ; sented for naming in counterbalanced 
uration of a patient’s scores on these order, to avoid an advantage to any 
tasks. Fifty-four of the 72 patient! condition as a result of consistent 
(75%) were correctly classified by this prior experience through another 
procedure. condition. A formula comparing 

speed of response to pictorial pre- 
Up to the present time the interaction; sentation with speed of response to 
between form of aphasia and predi each nonvisual channel revealed 


similar ratios for aphasics and the two The degree of blurring was calibrated 
nonaphasic control groups. One by determining the degree off-focus 
aphasic proved to be selectively de- for each slide and the thickness of 
ficient in naming to smell and one in foam rubber wrapping for each object 
naming to sound. We concluded that, which permitted correct identifica- 
whatever the mode of stimulus pre- tion of each object by nine out of ten 
sentation, an intervening step of of a pilot group of aphasic subjects, 
“concept arousal” mediates the re- North’s results were quite in line with 
trieval of the spoken name; access to those of Bisiach and indicated that 
the concept through the various sen- aphasics could “know” what an object 
sory inputs is the same in most aph- was on the basis of partial visual or 
asics as in the nonaphasic. In the case tactile information without being able 
of the one subject who was anomic to to trip the threshold for evoking the 
auditory presentation, the fact of his spoken name, while clear presenta- 


Table 1. Mean naming scores (maximum 18) obtained by three types of aphasics on five 
categories of stimuli 


Category 

Broca's 

Wernicke's 

Anomies 

F 

P 

objects 

11.76 

11.11 

11.94 

0.11 

0.89 

colors 

11,22 

10.50 

14.35 

2.56 

0,08 

actions 

11.43 

11.94 

14.94 

3.02 

0,05 

numbers 

9.15 

11.78 

15.35 

6.74 

0,002 

letters 

10.43 

14.22 

16,29 

3.40 

0.04 


diagnosis of pure word deafness tion was more likely to evoke the 
makes it likely that his acoustic ano- correct naming response. Combining 
mia was due to disconnection of au- visually and tactually blurred pre- 
ditory input from the language sys- sentation had an additive effect on 
tem of the left hemisphere (cf. case of successful naming, but if either mode 
Denes and Semenza 1975). of presentation was clear, concurrent 

stimulation in the second modality 
An important incidental finding was had no further effect on name re- 
that aphasics are notably less sue- trieval. 
cessful in naming to olfaction or to 

sound than they are to picture or With these results, we were encour- 
touch, The reason we proposed for aged to consider further the varying 
this difference is that both visual and degrees of concept arousal and their 
tactile information are intrinsically bearing on word naming. A colleague 
richer in information than are the in my laboratory, Howard Gardner, 
more one-dimensional modalities of obtained a result which added more 
sound and smell; hence they are more substance to the rather vague theo- 
effective in arousing the concept retical formulation on which we had 
which mediates the retrieval of the proceeded. Gardner suggested that 
name. This notion is similar to that terms which, in the Piagetian sense, 
proposed by Bisiach (1966) when he are “operative” are more accessible to 
found that by partially obscuring aphasics for naming than those which 
pictures presented to aphasics he are “figurative.” Operative words 
significantly reduced their naming represent objects (such as ball, spoon) 
scores, even though they continued to which have been experienced by ma- 
recognize the pictures. nipulation—i.e. multisensorily, Fig¬ 

urative words may represent namable 
Betty North (1971 diss.) in my labo- percepts which are experienced vis- 
ratory carried Bisiach’s experiment a ually and do not have manipulate 
step further. Reasoning that reduced features (e.g. wall, cloud). Even when 
information redundancy in any sen- matched for word frequency, opera- 
sory modality might limit concept tive words proved easier to name from 
arousal (hence impair naming), she pictures than figurative words 
presented aphasics with objects to be (Gardner 1973) and even easier to 
named by touch and by color slides read aloud (Gardner and Zurif 
under clear and blurred conditions. 1975). 
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Placing these findings in the context 
of what had been previously observed, 
we framed a hypothesis in these 
terms: the naming of an object may 
depend on a convergence of various 
associates, which constitute its se¬ 
mantic field and which, along with 
the phonological form of the word, 
represent the verbal concept, Vari¬ 
ability in the successful evocation of 
words may be due to the adequacy 
with which the concept is activated, 
to the number and character of the 
associations which constitute the 
concept, or to the integrity, for a given 
patient, of the components of the se¬ 
mantic field. Errol Baker and I 
(Goodglass and Baker 1976) tested 
the last of these notions directly in a 
group of 62 aphasics divided into 
equal mild and severe subgroups. The 
subjects were first tested for their 
ability to name a series of 16 target 
pictures. Then, with one of the pic¬ 
tures at a time displayed before them, 
they were asked to listen to a series of 
tape-recorded words and react by 
squeezing a rubber bulb to any word 
that had anything to do with the pic¬ 
ture. Embedded in random order in 
the series were related words of the 
following types, illustrated by asso¬ 
ciates to the picture of an orange: 

Superordinate—mm of the class to 
which the target belongs, e.g, 
“fruit” 

Attribute —adjective describing a 
feature of the target, e.g. “juicy” 

Contrast coordinate —some other 
member of the same class, e.g. 
“apple” 

Context —situation in which the 
target .might be found, e.g. 
“breakfast” 

Function associate—verb designat¬ 
ing action performed by or on the 
target, e.g. “eat” 

Identity—the name of the target it¬ 
self, he. “orange” 

Clang —a sound-alike word, e.g. “ar¬ 
range” 

It should first be noted that the severe 
aphasics, as compared to a 32-subject 
control group, missed many of the 
associates and responded more .slowly 
on those they recognized. Moreover, 
the pattern for errors of omission was 
consistent with that for reaction times 



coord, assoc. coord. assoc. 

Class of associate 

Figure 3. The ability of mild and severe aph- indicate that when the aphasic patient fails to 

asics to recognize words was tested in associa- name a word, he tends also to be unable to 

tion with a simple picture. The sample pictures recognize semantically associated words. As- 

included ones that the patients had failed to sociates were of several classes: supcrordinate, 

name (colored lines), as well as ones that the attribute, contrast coordinate, context, and 

patients had named (black lines), The data function associate. N = 62. 


to correct identifications, indicating 
that for the severe aphasics the se¬ 
mantic associates to the target were 
both impoverished and followed a 
different order of adequacy from that 
of both the controls and the mild 
aphasics. 

In order to determine the relationship 
between successful naming and the 
integrity of the semantic field, we 
identified the set of target words 
named and missed by each subject, 
and the error rate (omitted responses) 
for each class of associate was then 
determined for words successfully 
named and for those which were not. 
Figure 3 shows that the severe aph¬ 
asics have a higher omission rate 
across all associative categories for 
targets they failed to name than for 
those successfully named. Thus we 
have impressive support for the view 
that naming is partially determined 
by the integrity of the field of se¬ 
mantic associates to the target. 

A subsequent study by colleagues at 
the Boston Veterans Administration 
Medical Center gave results closely 
parallel to the foregoing. Zurif and 
co-workers (1974) compared patients 
With Broca’s and Wernicke’s aphasia 
with normal subjects in their ability 
to make semantically based groupings 
among triads of written words. Bro¬ 
ca’s aphasics were guided more by 
connotative than by conceptual fea¬ 
tures, but Wernicke’s aphasics ap¬ 
peared unable to make any principled 
semantic groupings at all. Because 


Wernicke’s aphasics typically mani¬ 
fest the most severe naming deficit of 
any aphasic group, these results pro¬ 
vide at least circumstantial evidence 
for the view that impairment of se¬ 
mantic representation affects naming 
performance. 

In the foregoing groups of studies we 
have considered the ways in which the 
psychological structure of verbal 
concepts and their representation in 
the minds of aphasics may influence 
their accessibility for naming. These 
questions bear on the first stage of the 
three-step processing chain which 
was outlined earlier. In the work de¬ 
scribed below, we examined the evi¬ 
dence that might either support or 
dictate modification of stages two and 
three of this crude model, as it applies 
to various forms of aphasia resulting 
from lesions in different functional 
regions in the speech zone. 

The knowledge 
underlying naming 

When a patient fails to produce the 
name of a proferred object we may 
reasonably ask what tacit knowledge 
he does have. The traditional view 
holds that patients with anomic 
aphasia, either in pure form or as a 
component of Wernicke’s aphasia, 
suffer a processing breakdown at 
stage two—that theirs is a failure of 
association between the semantic 
field and the phonological form. Pa¬ 
tients with Broca’s aphasia, on the 
other hand, would have a breakdown 
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only at the level of motor implemen- ment all patient groups had equal Broca’s aphasia, by the requirement 1 

tation. This view was expressed by success in naming, the results suggest to name in response to associative 
Broca himself and reappears in as that anomic patients can produce a descriptions, taking performance in 
contemporary a writer as Luria (1970, name either via direct picture-word picture naming as a reference point, 
pp, 294-95). For Luria, the evidence association or not at all. We also anticipated that naming to 

that a patient “knows” the sounds of oral description would lead to longer 

a word is thathe can complete it when One way of interpreting the foregoing response times, since it would dis- 
primed by the examiner with the findings is that there are two major courage the direct concept-to-output 
initial sound—a technique referred to paths to the emission of a word-one mode of responding, 
as “phonemic cuing” proceeding automatically from 

stimulus to oral response and based Analysis of the data provided partial 
In the last four years, phonemic cuing on a one-to-one associative link be- confirmation of these hypotheses, 
and several other techniques have tween concept and output; the other The success rate of patients with 
been applied in our laboratory to occurring when immediate associa- Wernicke’s aphasia dropped sharply 
P^be the extent of partial knowledge tion fails, involving a search process in their responses to oral associates, j 
that aphasics have when they fail to and the mobilization of peripheral as compared with their responses to 
emit a target word. The first was an semantic and phonological associa- visual presentations; that of patients I: 
adaptation of the well-known “tip- tions. The first mode of word retrieval with Broca’s aphasia dropped less 
of-the-tongue” experiment of Brown would characterize immediate re- sharply. This result was not changed 
and McNeill (1966), in which a pop- sponses by all subjects; the second when an independent measure of 
ulation of college students were pre- would appear to be available to con- auditory comprehension was applied 
sented with a series of definitions duction aphasics and to Broca’s to correct for the possible effect of 
corresponding to words that were aphasics, as well as to normal speak- differences between the two groups in 
presumably at the fringe of their ers, but less available to those with understanding the associates. How- 
available vocabulary and were asked marked anomia—i.e, patients with ever, Broca’s aphasics scored equally 
to describe what they knew about anomic and Wernicke’s aphasia. under both conditions. Examining v! 

those words they could almost but not the effect of presentation mode on 

quite recall (tip-of-the-tongue state), Donald Stuss and I designed an ex- time to respond (for correct responses 

In 60% of cases the number of syll- periment intended to test the viabil- only) yielded the interesting result " 

ables was correctly reported and in ity of this view, selecting as subjects shown in Figure 4. Broca’s aphasics 

57% the first letter was identified. 10 patients with Broca’s aphasia, 7 had the same proportion of short la- ' 

with Wernicke’s aphasia, and 6 with tency responses (less than 5 seconds) 

Goodglass and co-workers (1976) anomic aphasia (Goodglass and Stuss under both pictorial and associative 

applied this technique to a group of 1979). Object naming for a set of 20 conditions, and correspondingly, the 

16 aphasics, asking for syllable length targets was elicited under two condi- same proportions of long latency re- 

and first-letter identification in re- tions: in one, the stimuli were pre- sponses (6-30 seconds) under the two 

sponse to each picture the patients sented as pictures; in the other they conditions. Patients with Wernicke’s 

failed to name. Of the four patient were elicited through a series of oral and anomic aphasia had a marked 

groups tested, only one—conduction associations. For example, the con- increase in long latency responses 

aphasics—performed significantly . cept of “tree” was presented orally as under oral associative, as compared to 

above the level of chance on syllable follows: “It grows tall; it has a trunk pictorial, conditions, showing that 

count, reporting correctly both the covered with bark; it has branches they were in fact more severely pen- 

number of syllables and the first and leaves; it’s a _—Subjects alized than the Broca’s aphasics. \ 

sound for 34% of the words they could were tested on two successive days, . 

not name. Conduction aphasics rep- receiving on the first day 10 targets in The examination of response to sup- ij 

resent a subtype of patients whose one condition (e.g. pictorial), and the plementary cues is particularly 

auditory comprehension is excellent second 10 targets under the alterna- striking. Phonemic priming after |j : : 

and whose articulation is largely ef- tive condition. On day two the order failure on visual presentation is al- ; 

fortless, although marked by frequent of conditions was reversed, so that by ways more effective than visual rein- | 

substitutions and transpositions of the second session all words had been forcement after failure on oral pre- | 

sounds (literal paraphasias). It is in- tested under both conditions. The sentation, but its benefit to Broca’s 

teresting that they should show the starting condition was randomized aphasics is especially marked. Addi- 

clearest evidence of partial retrieval across subjects. To gain additional tion of visual presentation after fail- 

of word structure because they are information, a visual presentation ure on oral presentation creates an 

typically quite aware of their speech was offered whenever a subject failed additive effect on the availability of 

errors and make repeated unsuc- to name from an associative descrip- response even when it does not bring 

cessful attempts to correct them- tion within 30 seconds. When a the response above threshold. This 

selves, deriving no help from the ex- subject failed to name by 30 seconds additive effect is reflected in the fact * 

aminer’s model for repetition. The after visual presentation, he was that phonemic priming leads to a ||| 

patients with Broca’s aphasia iden- primed with the opening consonant of greater proportion of correct re- S 

tified 20% of initial sounds—also the target word (phonemic cuing). sponses after exposure to both oral 

significantly above chance perfor- and pictorial stimuli than after ex- JH 

mance—but did poorly on syllables. Our working hypothesis was that pa- posure to pictorial stimuli alone. For 

The patients with anomic and Wer- tients with Wernicke’s and anomic patients with Broca’s aphasia this -aB 

nicke’s aphasia showed no evidence of aphasia would be disproportionately proportion reaches 91%—approxi- JIM 

partial recall. Since in this experi- penalized, as compared to those with mately double that of the other two ||SH 
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emitted is through the use of pictures 
whose names either are homonyms or 
rhyme with each other. If a patient 
can show which two pictures in a 
multiple choice array have similar- 
sounding names, he has provided 
compelling evidence that he has, at 
some level, retrieved the sound pat¬ 
tern fitting both words, though he 
cannot emit it. Susan Kohn and Paul 
Schoenle, in our laboratory, working 
with tests of this type, have found 
evidence of considerable tacit 
knowledge of the phonological form 
of words in patients who produced 
grossly neologistic oral renditions in 
their attempts to name the same tar¬ 
get, and even in global aphasics— 
patients with virtually no speech 
output and severely impaired com¬ 
prehension. According to the con¬ 
ventional wisdom of aphasiologists, 
these patients should have suffered 
severe disruption of the naming pro- 

-■■■—, . . . . cess at stage one of our three-stage 

0-5 seconds 6-30 seconds model, and a complete breakdown at 

Figure 4. Proportion of correct visual and cor- as a function of the mode of stimulus presen- stage two. This line of research is still 

rect oral naming responses to the total correct tation, shows the differences among the three in a preliminary phase but it appears 

responses made with short and long latencies, aphasic groups. to hold considerable promise for get¬ 

ting beneath the surface of the nam¬ 
ing process. 

groups. These findings reinforce those spellings featuring the misapplication The weight of the evidence from the 
of a prior study by Deborah Pease of phonic rules, such as the regulari- effects of brain injury suggests that 
(Pease and Goodglass 1978), in which 2 ation of irregular spellings—e.g. the process of naming necessarily 
various forms of cuing were compared “come” for “comb.” In contrast, pa- begins with the evocation of a concept 
ineffectiveness. tients whose written naming was su- in the left hemisphere of the brain. 

perior to oral naming made mis- This evocation may come about 
Another way of probing for word spellings predominantly in terms of through sensory stimulation or it may 
knowledge is by requiring patients to the visuo-motor structure of the word, be self-initiated by the speaker’s 
write rather than to say words. The independent of letter-to-sound rules, mental processes. When, as in the 
common view of writing is that it is Thus, “apple” would become “affle” case of the “split brain” patient, 

merely a conversion of sounds into or “comb” would become “comi.” sensorily based knowledge of an 

symbols following a set of phonogra- object is experimentally confined to 

phemic conversion rules, which are It therefore appears that a system the right side of the brain, name re- 
automatically applied by every user which was learned through the me- trieval is impossible, 
of a phonetic writing system. Yet the dium of sound-to-letter rules may 

clinical observation that some pa- become partly autonomous, fiinc- Concept arousal is not an all-or-none 
tients may write words they cannot tioning at least intermittently as state, however, even within the left 
say raises the possibility that access a direct concept-to-graphomotor hemisphere. Some forms of aphasia 
to the graphic code maybe indepen- channel. If this is the case for writing, entail the impairment of the semantic 
dent of mediation by an implicit why not for oral language, which is representation of the concepts of 
phonological stage. In order to ex- even more automatized? Should not objects, with corresponding difficulty 
plore this possibility Angela Pri- the simple three-stage model for in evoking their names, expressed 
ederici and co-workers (in prep.) had object-naming include provision for either by complete failure, or by 
a group of aphasic patients name a bypassing phonological mediation to misnaming. The notion that inade- 
series of pictures orally and, in an- permit direct access from concept quate activation of a concept prevents 
other session, name them by writing, arousal to articulatory execution? the retrieval of its name is supported 
The patients were then separated into This hypothesis has yet to be tested, by experiments using degraded sen- 
those whose oral naming was superior yet it may be amenable to examina- sory information: the patient has the 
to written naming and those who tion through the analysis of articula- subjective experience of recognizing 
showed the reverse pattern. The clue tory errors. the stimulus but cannot produce the 

to the role of phonological mediation name, 

lay in the character of the spelling A third means of probing for the 

errors. Patients whose oral naming partial mental representation of The nature of the associative link 
was superior to written made mis- words which cannot be correctly between the concept and the pho¬ 



nological representation of its name 
remains a complete mystery. How¬ 
ever, the evidence favors regarding 
these as two distinct stages in the 
naming process, which are at least 
partially autonomous. Some aphasic 
subjects, while unable to implement 
the motor production of the name, 
give evidence of partial or full 
awareness of its sound patterns at a 
subvocal level; others fail to make this 
associative step at all. The third stage, 
that of converting the phonological 
representation into a chain of arti¬ 
culatory gestures, appears to repre¬ 
sent another partially autonomous 
level, whose execution depends on the 
integrity of the preceding stage. In 
support of this view is the observation 
that those aphasics who clinically 
manifest articulatory difficulty are 
the ones who most readily profit by 
being primed with the first sound of 
the target word. 

The three-stage model of naming is at 
best a first approximation, which 
omits provision for monitoring and 
comparing the outputs of various 
stages with some stored template. 
Further, there is at least indirect ev¬ 
idence for the view that the stage of 
retrieving the phonological repre¬ 
sentation may be skipped entirely in 
normal rapid naming. 

A sequential model of the naming 
process accounts for only some of the 
dissociations of performance pro¬ 
duced by injury to the language areas 
of the brain. It does not provide for 
the selective preservation or selective 
loss of particular word categories, 
such as numbers, letters, or colors, 
which are often related to lesion site 
and type of aphasia. Future research 
must be directed not only to refining 
the sequential model, but also to 
characterizing the difference in the 
representation of various semantic 
categories and to understanding the 
relationship between the memory for 
word forms and other types of 
memory. 
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“The message isn’t completely clear. Either we’re being attacked 
by some missiles coming over the Arctic Circle, or there’s a severe 
gumdrop shortage in North Carolina.” 
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John A. Ball Extraterrestrial Intelligence: 

Where Is Everybody? 

Views Oar current world view seems to predict the 

existence of advanced civilizations in the galaxy 
and make interacting with us easy for them. 
Why haven’t they? 


Since before the dawn of recorded not make it so; popularity is no test of other place in the solar system seems 
history, men and women have won- a hypothesis. to be suitable for life to originate, 

dered and worried about their place 

in the universe. Who am I? Why am There are perhaps 10 u galaxies in the Among life forms on Earth, our 
I? What should I do? Myths and known universe, some 80% of which species, mankind, is ordinary in some 
stories supplied answers to those are spiral. Our galaxy, the Milky Way, respects but outstanding in intelli- 
willing to believe them. As mankind is a typical spiral galaxy, intermediate gence. The question of why we are 
accumulated more and more infor- or ordinary in every property that we thus outstanding may not be a 
mation about the physical world, know how to measure or calculate, meaningful question, but if it is, an 
those myths that were incompatible The Milky Way is not outstanding or answer may be that any significantly 
were replaced, reluctantly, by new special, although we suppose that it is less intelligent species is incapable of 
myths. Thus science progresses. unique in that no other galaxy is ex- asking such a question. Or perhaps 
actly like it. ourseeminglyunusualstatusisre- 

Today our world view contains myths dated to our failure to be aware of ex- 

and stories with a scale and grandeur The Milky Way contains some 10 12 traterrestrial intelligence (ETI). But 
that make those of our ancestors seem stars and lots of other material such here is a problem; unlike extrasolar 
like nursery rhymes. The epic of big- as gas and dust. Our star, the sun, is planets, we should be able to interact 
bang cosmology far surpasses in intermediate or ordinary in every with ETI, if it exists. Given a desire 
magnificence, if not in eloquence, the property that we know how to mea- on the part of ETI, interaction should 
stories in Homer and the Bible. The sure or calculate: size (mass and di- be easy. As Von Hoemer (1973) asks, 
saga of the evolution of mankindfrom ameter), color (i.e. surface tempera- Where is everybody? 
primeval life contains more drama ture), chemical composition, age, and 
and suspense than Beowulf or the location in the galaxy. In one respect Three premises 
Vedas. Some of the myths and stories the sun might seem to be extraordi- v 

of modern science might even be nary; no other star is known to have a Three premises or hypotheses are 

true. planetary system comparable to ours, used in most discussions of the prob- 

But this can be understood in terms lems of extraterrestrial life. These 
Persistent through the ages has been of the extreme difficulty of observing premises are stated below with a dis- 
the idea, taken for granted by most planets around other stars. Although cussion of their origin and references 
people, that mankind is not the most the near future promises notable im- to the literature. Although the dis- 
advanced intelligence in the universe, provements (Gatewood et al. 1980; cussion is brief, these premises are 
Gods have come and gone, but the Davies 1980; Bracewell and MacPhie crucial, and all the other ideas in this 
idea of gods or superior beings is one 1979) , extrasolar planets would go paper are based on them, 
of the most nearly universal themes undetected with our present tech- 

in human culture. But wishing will nology. Speculation is, however, that 1. Whenever the conditions are such 
many stars have planets. that life can originate and evolve, it 

will. The origin of life is taken to be a 
Among only nine known planets, our chemical reaction that occurs when- 
planet, Earth, is intermediate or or- ever the necessary reactants are 
John Ball is a radio astronomer with the dinary in size (mass and diameter), present under the appropriate con- 
Hanard-Sinithmian Center for Astrophysics temperature, chemical composition, . ditions for a sufficient time, This is a 
in Cambridge, Massachusetts, He received his a g e (aj.1 the planets in the solar system considerable extrapolation of our 
B.S,E1. degree from the: University of Ne- are p ro b a b}y about as old as the sun), present knowledge; we do not yet 
'SSSli&lSfeSi&S and locatioD - one “tf* Barth untatand j»* the first living 

programs at many of the major [radio obser - might seem to be extraordinary; no organisms came about. Life s raw 

oatories. He participated in the discovery of other planet is known to have life. But materials—amino acids and other 

several new molecules in interstellar space: this can be understood in terms of the complex organic compounds—were 

relative fragffi ty of known life forms present, for they form spontaneously 

vard College Observatory, Harvard, MA which require complex organic m laboratory simulations of the pn- 

0145L chemistry in a wet environment. No mordial Earth. (See, e.g., Oparin 1938; 


Ponnamperuma 1972; Miller and 
[: Orgel 1974; and many other refer- 
[ ences therein.) Although we cannot 
[; yet create life from nonliving mate¬ 
s': rial, possibly because the time scale is 
too long, I predict that this will be 
i achieved in the near future. We do 
|: have the rudiments of a theoretical 
understanding of the formation of 
complex systems—dissipative struc¬ 
tures in nonequilibrium thermody- 
; namics. (See, e.g., Glansdorff and 
Prigogine 1971 and Prigogine et al. 

1 1972.) The development from bacte- 
i ria and algae to human beings is, by 
; comparison, well understood in terms 
; of Darwinian evolution. 

[ The opposite hypothesis, that life is 
! statistically unlikely even in ideal 
r conditions, is still possible. Discovery 
[ of living organisms, however primi- 
tive, anywhere else in the universe, 
i provided only that contamination 
L from Earth is ruled out, would settle 
' the question. One example of life 
; could be a fluke; with two examples 
we can do statistics. 

2. There are many places where life 
might originate, Planets are probably 
quite common in the galaxy; We now 
understand reasonably well the origin 
of our solar system and, presumably, 
of other planetary systems. (See, e.g., 
Levin 1964; Reeves 1972; Ward 1976.) 
Contracting protostars almost always 
contain substantial angular momen- 
; turn which originated as turbulence in 
the interstellar medium. Protostars 
can solve this angular-momentum 
problem in three ways: (1) form a bi¬ 
nary or multiple-star system with 
most of the angular momentum in the 
orbital revolution, (2) become a rap¬ 
idly rotating star with most of the 
angular momentum in this rotation 
(this alternative seems to apply only 
to stars significantly more massive 
than the sun), or (3) as the sun has 
(lone, form a protoplanetary disk and 
eventually a planetary system. In our 
solar system some 61% of the total 
angular momentum is in the orbital 
revolution of one planet—Jupiter. 

If this idea is correct, then we should 
find planets around almost all stars 
that are neither members of binary or 
multiple r star systems nor rapidly 
rotating. Such stars are very ap¬ 
proximately 13% of all stars and thus 
we might expect to find more than 
10 u planetary systems in our galaxy. 
A very large percentage of these 
planetary systems probably contain 


a planet with conditions suitable for 
the origin of life. 

3. We are unaware of ETI, 

Digression on good 
questions 

Any reader who really wants to find 
out about ETI from this article will be 
disappointed, I claim to know some 
good questions about ETI but pre¬ 
cious few answers. The best that can 
he done for some questions is to clas¬ 
sify all possible answers and estimate 
the likelihood of having the correct 
answer in each category. 

What are the crucial questions? 
Asking the right question is some¬ 
times remarkably important, and 
asking the wrong question can some¬ 
times lead one far astray. I feel that 
this is just what is happening to those 
who are asking: What experiment or 
observation can we perform to be¬ 
come aware of ETI? A better ques¬ 
tion, in my view, is: Why are we un¬ 
aware of ETI? A premise of most 
searches for advanced civilizations is 
that they are trying to communicate 
with us, but we are not quite clever 
enough to see or hear them. I suggest, 
instead, that if they had chosen to 
announce their presence to us, we 
would be aware. Since we are not, I 
presume they have not. 

The realm of science as a human ac¬ 
tivity is quite limited and fairly pre¬ 
cisely defined, Scientific hypotheses 
have consequences subject, at least in 
principle, to experimental or obser¬ 
vational verification or falsification. 
Scientific questions have scientific 
hypotheses for answers. Hypotheses 
and questions outside the realm of 
science may be, instead, in the realm 
of philosophy or religion. As mankind 
progresses, the boundaries of science 
grow at the expense of philosophy and 
religion, which thus form the cutting 
edge of the endless effort to dispel 
ignorance. 

Some questions and hypotheses 
about ETI are on the borderline or 
outside the purview of science. The 
laboratory hypothesis, for example, 
would have us in an artificial labora¬ 
tory situation; the stars and galaxies 
which we say we are studying are only 
spots on the wallpaper of our cage. 
The laws of physics, as we understand 
them, are unrelated to the real world 
outside. Clearly this hypothesis is 


unscientific, for it leads nowhere, it 
calls into question the premises on 
which it is based, and it makes no 
testable predictions. The laboratory 
hypothesis is indistinguishable from 
the hypothesis of god; science cannot 
deal with it. 

A civilization more advanced than 
mankind by a few eons might seem 
almost omnipotent and omniscient. 
Clarke’s (1973) third law says, “Any 
sufficiently advanced technology is 
indistinguishable from magic.” Op¬ 
erationally such a civilization would 
be equivalent to god. If our science 
predicts the existence of such civili¬ 
zations, then we shall be forced to 
deal, somehow, with this religious 
hypothesis. 

The effort of science is to show that 
all the phenomena can be understood 
within science. Only if this effort were 
to fail would we be forced to hypoth¬ 
esize something such as manipulation 
by ETI. For a scientist, this amounts 
to giving up. 

Evolution of civilizations 

What happens to advanced civiliza¬ 
tions? How do they evolve? What is 
our own prognosis? We want to know, 
at least in broad outline, what a civi¬ 
lization much older than ours might 
be like. Predicting our own develop¬ 
ment for a few decades is difficult 
enough, but we want to know about 
other civilizations that may be older, 
not by decades but by eons. 

Figure 1 is an attempt to classify all 
possible answers to this question with 
specific reference to our own future. 
The ordinate, level of development, 
is to lie defined in terms of complex¬ 
ity, versatility, and ability to control 
the environment, either of the or¬ 
ganism itself or of the civilization to 
which it belongs. This parameter in¬ 
creases monotonicallv from inani¬ 
mate objects, through viruses, sin¬ 
gle-celled organisms, higher plants 
and animals, mankind, and beyond. 
Morrison (1973) argues that such a 
parameter should be defined in terms 
of the fraction of the free-energy 
content of a system contained in in¬ 
ternal structural information, The 
key mtdmnformtion. The differ¬ 
ence between a rabbit and a rock Is 
the information content, and the 
difference between a living and a dead 
rabbit is in the availability or usabil¬ 
ity of the information. 
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Figure 1, Development is illustrated for three 
planets, with several alternatives for the future 
of one of them. Hypothetical planet X is a 
marginal place for life to originate—too hot, too 
cold, too dry, or too something. Planet Y, by 
contrast, is almost ideal, and development has 
been so rapid that the civilization that origi¬ 
nated on Y now controls the galaxy. (This fig¬ 
ure was inspired by the figure on p. 26 of Sagan 
1977, and is based on Fig. 1 in Ball 1973.) 


Civilizations advance to the extent 
that they accumulate new informa¬ 
tion and knowledge and stagnate or 
regress to the extent that they fail to, 
I deliberately make no distinction 
between genetic information (in 
computer jargon, information stored 
in read-only memory) and cultural 
knowledge and information (stored in 
part in volatile read-write memory). 
Dawkins (1976) argues that the rules 
by which eyolution occurs—mutation 
and natural selection through survival 
of the fittest—apply both to genes 
and memes, his term for the basic 
unit of cultural information. Bell 
(1976) argues that our civilization is 
on the brink of a new, postindustrial 
era, the information age, during 
which the preoccupation of mankind 
will be the acquisition and processing 
of knowledge and information. The 
word information is used in its 
broadest sense to include anything 
that can be expressed in symbols or 
words, arts or sciences. 

I suggest defining D, the level of de¬ 
velopment, as the (common) loga¬ 
rithm of the total information content 
(in bits) of the ecosystem. This in¬ 
formation resides in genes, brains, 
and extrasomatic memories such as 
books and magnetic disks. One must 
carefully account for redundancy; two 
copies of the same gene or the same 
book are worth only a few bits more 
than one copy. This definition is 


based on the assumption that all 
nonredundant information is equally 
useful or valuable. This is not actually 
the case, of course (some information 
is wrong; some genes are lethal), and 
D, so defined, is only an approxima¬ 
tion to an improved level-of-devel- 
opment parameter to be defined by 
someone cleverer than I. 

There are three general categories of 
possibilities for the technological ev¬ 
olution of civilizations; destruction 
(from within or without), technolog¬ 
ical stagnation, and quasi-continuous 
technological progress. There are also 
mixed possibilities such as partial 
destruction and rebuilding and the 
surprisingly popular finite-lifetime 
idea. These possibilities are sketched 
in Figure 1 with specific reference to 
our own extrapolated future. 

Von Hoerner (1973) suggests that “we 
should assume a finite longevity L for 
the technical state of mind” if not for 
the longevity of the civilization. The 
opposite of this “technical state of 
mind” is what I have called techno¬ 
logical stagnation, and certainly some 
civilizations do stagnate, I would 
argue that all civilizations may stag¬ 
nate some of the time and some civi¬ 
lizations may even stagnate all the 
time, but all civilizations don’t stag¬ 
nate all the time. 

Some fraction of the civilizations in 


the galaxy probably follow each of the 
possibilities in Figure 1. Analogy with 
the situation on Earth indicates, 
however, that most of those civiliza¬ 
tions that are behind in technological 
development will eventually be en¬ 
gulfed and destroyed, tamed, or per¬ 
haps assimilated. Thus, generally 
speaking, we need consider only the 
most technologically advanced civi¬ 
lizations because they will be, in some 
sense, in control of the galaxy. 

Mankind probably descended from 
Cambrian worms. But modern worms 
also descended from Cambrian 
worms. What happened? Well, some 
worms stagnated and some did not. 
My interest, however, lies in the most 
advanced life forms—those that did 
not stagnate; people are more inter¬ 
esting than worms. The fabled little 
green men who plop down on the 
White House lawn and say, “Take me 
to your leader!” obviously agree, for 
this is said to a human rather than to 
some form of pr imitive Earth life. My 
only hesitation is that interacting 
with civilizations only a little more 
advanced than we are, if any exist, 
may be easier than interacting with 
very advanced civilizations. 

Astronomy and astrophysics are 
based on the assumption that the 
laws of physics and chemistry, as we 
understand them, hold throughout! 
the galaxy and the universe. To what I 


extent this assumption is tested by logical niches, presumably unfilled, in than fur. Only man can adapt to 
experiments and observations is a space. Some of them will be filled by changing conditions just by changing 
subject of continuing debate. But if, mankind. clothes. Men, suitably clothed have 

as some of us believe, the laws of lived and worked on the moon. No 

biology are ultimately based on the Destruction, however, is a possibility, other living things (that we know of) 
laws of physics and chemistry, then We now have the ability to destroy can survive in so many diverse envi- 
we might suppose that at least some our civilization if not our species, ronments. 
of the laws of biology, as we under- Global war would set us back a cen- 

atand them, also hold throughout the tury or two, maybe more. But there is Thus I am very optimistic about the 
galaxy. and the universe. This geo- another even more chilling possibili- survival potential of mankind and, by 
morphism, like anthropomorphism, ty. In connection with the develop- analogy, of other civilizations. The 
is sometimes justifiable, sometimes ment of atomic weapons during the problems of the moment-overpo- 
just wrong. But some of the argu- 1950s, Ulam (1976) calculated that a pulation; depletion of natural re- 
ments for some of the laws of biology hydrogen bomb exploded in the sources, especially energy; global 
are, if correct, then universal. Among earth’s atmosphere would cause a war—will be solved or circumvented 
candidates for universal biological chain reaction in all the air physically in a century, and mankind will be 
laws are, first, the most fundamental in contact with the bomb. This cal- struggling with new problems, which 
law of all—mutation and natural se- culation was wrong, as Ulam himself will seem as serious then as ours do 
lection through survival of the fit- quickly discovered; but if it had been now. But the problems that I can 
test—-and also sexual reproduction, correct, it would have shown a way to foresee threaten neither the existence 
speciation, and intraspecific compe- destroy mankind and the earth, If of our species nor our continued 
tition (territoriality and aggres- there is some such possibility, yet technological progress, 
sion). undiscovered, that might be used to 

destroy the earth, then destruction I hazard to make the following pre- 
In the saga of life on Earth, the most seems likely, sooner or later, whether dictions about our future and, by 
significant events are probably the by design or accident. If such an ac- analogy, about the present state of 
invention of DNA as a way to store cident is not just likely, but somehow ETI: 
and use information; the invention of inevitable, then there may be no 

sexual reproduction, which retains ETI. 1. Acquiring and processing knowl- 

diversity in populations in spite of edge and information will preoccupy 

selection pressure and thus makes Species become extinct for a variety advanced civilizations. As Bell (1976) 
possible rapid shifts in response to of reasons but usually through com- reminds us, mankind is already on the 
environmental changes; the invention petition with another species for the brink of a postindustrial society—the 
of individual memory, which makes same niche in the environment or information age. Clarke (1973) says, 
learning possible; the invention of through an environmental change “In the long run the only human ac- 
tools to multiply abilities and per- that eliminates their niche. Species tivities really worthwhile are the 
ceptions; and the invention of genetic neither die of old age nor commit search for knowledge, and the cre- 
engineering, which makes random suicide. At the present time an up- ation of beauty. This is beyond argu- 
mutations unnecessary and which heaval that destroys Earth would also ment; the only point of. debate is 
should speed evolution manyfold. As destroy mankind, but in a century or which comes first.” 
with most inventions, genetic engi- so even this will no longer be true, 

neering, the most important advance provided that we have established 2. The trend to higher intelligence 
of the century, can be used for either other habitats throughout the solar (information-processing ability) will 
good or evil, by either design or acci- system. There is no reason to suppose continue. Advanced organisms will 
dent. Mankind has a marvelous new that mankind will ever cease to exist contain more brain compared with 
opportunity and an awesome new except perhaps in the sense that our everything else, and brains will be- 
responsibility. progeny may evolve so far away from comemoreefficient—moreintelli- 

us as to constitute a new species. And gence per cm 3 or per gram. 

Some 400 million years ago our an- they might keep a few human beings 

cestors crawled out of the sea on un- in a museum, 3. Planned engineering will replace 

steady fins and established habitats accidental mutation as the dominant 

in the hostile and forbidding world of Versatility and adaptability are in- mode of evolution for both genes and 
dry land. Some of their aquatic rela- trinsically desirable even if one can- ideas. The pace of progress will 
lives must have thought this experi- not foresee a specific need. This is thereby quicken, 
ment senseless, but today the land equally true for an individual organ- 

teems with life, descendants of fish, ism, a company or institution, a 4. The distinctions among (1) ma- 
Now some of us are contemplating species, or a civilization. Mankind is chines (vehicles, robots, computers, 
blasting ourselves off Earth on un- the most versatile and adaptable en- etc.), (2) domesticated plants and 
steady rockets and establishing hab- tity that we know of. Much of man- animals, and (3) people will blur or 
itats in the hostile and forbidding kind’s evolution, the evolution of in- disappear. Advanced societies will 
world of space. Some of our terrestrial telligence, can be understood in terms contain organisms, some special 
relatives think this experiment of increasing versatility and adapt- purpose, some general purpose, 
senseless, but I predict that in only a ability. Man is the archetypical gen- comprising engineered versions of all 
century or two the solar system, at eralist and omnivore. Protoman three, 
least, will teem with life—our de- began to lose his fur when he invented 

scendants. There are numerous bio- clothing, for clothing is more versatile 5, Advanced organisms will operate 
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at low (internal) temperatures. 
Thermal agitation represents noise to 
be avoided. Life may need to originate 
in a liquid-water environment near 
30Q°K to allow complex organic 
chemistry, but an engineered organ¬ 
ism can be more efficient in its use of 
space and resources by operating at 
cryogenic temperatures. 

6. The speed of light, as an upper 
limit on the speed of information 
flow, will force advanced civilizations 
to decentralize and duplicate certain 
functions to reduce waiting for in¬ 
formation exchange. In our fastest 
computers we are already limited to 
some extent by light travel times. 
This will provide a strong incentive to 
reduce the size of brains. Habitats 
separated by interstellar distances 
will be largely independent. Cultural 
evolution may be thereby pro¬ 
moted, 

7, Energy and material requirements 
will be modest (even by our present 
standards) and free energy will be 
generated as needed (from hydrogen 
fusion, for example). Planets and 
stars will therefore be unnecessary 
and even undesirable as habitats. An 
Earthlike planet is a good place for 
ETI to be from, but not at. The planet 
of origin may become a museum. 

These predictions are conservative in 
the sense that they require no new 
physical principles. Number 6, in¬ 
deed, is based on the assumption that 
no new physics, waiting to be discov¬ 
ered, will allow us to circumvent the 
limitation of the speed of light. New 
discoveries will be made, of course, 
and the effects will probably be even 
more outlandish than my predictions, 
Clarke (1973) says, “The one fact 
about the future of which we can be 
certain is that it will be utterly fan¬ 
tastic.” 

Relationship of mankind 
with ETI 

The human mind presented with 
difficult new concepts and problems 
usually needs to work with an analogy 
based on experience, Electromagnetic 
radiation, for example, is something 
like a particle and something like a 
wave but is really neither particle nor 
wave. Thus we might be able to say 
that our relationship with ETI is 
similar to some other relationship 
that we understand. I suggest that we 
try the following analogy: the rela- 
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tionship of mankind with ETI is 
similar to the relationship of some 
form of primitive Earth life (PEL) 
with mankind. But which PEL? And 
how useful is this analogy? 

Let us begin by trying to guess how 
much more advanced than we are 
ETI might be, The level-of-develop- 
ment parameter described in con¬ 
nection with Figure 1 can be ex¬ 
pressed in years (or some other unit of 
time) if we use a standard rate of de¬ 
velopment—say, our own average 
rate—to convert units. Then a lifeless 
planet, such as Mars appears to be, 
could be said to be some 4.5 X 10 9 
years behind us in development, 
notwithstanding that Mars and Earth 
are probably about the same chro¬ 
nological age and that Mars, left to 
itself, would probably never develop 
life. 

If steady-state cosmology were true, 
then there should be, somewhere, 
infinitely old civilizations. We now 
believe, instead, that the universe is 
only two or three times as old as 
Earth. Recent estimates are some 5 X 
10 9 years for the age of Earth and 10 
to 15 X 10 9 years for the age of the 
galaxy and the universe. From our 
standpoint, however, a civilization 
that is two or three times as old as we 
are is equivalent to a civilization that 
is infinitely old. “Any sufficient! 
advanced technology is indistin 
guishable from magic.” 



Level of development, D (10 9 years) 


Figure 2, One interpretation of the assumption 
of mediocrity is that the distribution function 
for ecosystems in the galaxy peaks at our de¬ 
velopment age, The distribution function for 
stellar ages, however, seems to peak at an age 
younger than the sun’s, This is compatible with 
the assumption of mediocrity if our develop¬ 
ment rate has been slower than average or if the 
distribution is skewed such that'we lie at the 
median but not the peak. 


We would like to know whether there 
is anybody out there with whom we 
might hope to talk—someone not 
more than, say, a few millennia ahead 
of us. Von Hoerner (1973) suggests 
dealing with such questions by using 
an assumption of mediocrity: 
“Nothing is unique, and most prob¬ 
ably we are about average.” Thus I 
imagine that mankind is at the peak 
or maybe the median of a quasi-bell- 
shaped distribution of civiliza¬ 
tions—more accurately ecosys¬ 
tems—with half more advanced than 
we are, and half less advanced. Plac¬ 
ing ourselves at the peak maximizes 
the number of neighbors that we have 
to talk with, but alas, this doesn’t 
help, for the distribution is almost 
certainly too wide. 

Figure 2 illustrates the situation. D is 
the development age in years. Our 
development age is taken to he 5 X 
10 9 years and the age of the galaxy 
10 10 years. There might be, however, 
civilizations with D greater than 10 w 
years if their average development 
rate has been faster than ours. P is the 
number of ecosystems per galaxy per 
unit of jD, The width W of this dis¬ 
tribution cannot be much more than 
10 10 years and is unlikely to be less 
than about a hundredth of this, 10* 
years, without making us unusual and 
special contrary to the spirit of our 
assumption of mediocrity. The area 
under this curve, the total number of 
ecosystems in the galaxy, might be as 
small as one, but I am inclined to 
guess at least 10 9 , which is some 0.1% 
of the number of stars in the galaxy. 
Similar estimates were made by 
Shklovskii and Sagan (1966) and by 
Von Hoerner in Cameron (1963); see 
also Dole (1970). 

I suggest below that civilizations only 
slightly more advanced than we are 
must interact with each other in some 
way. This presumably has some effect 
on the shape of the curve in Figure 2, 
but I’m not clever enough to under¬ 
stand what this effect might be. 

Table 1 shows the consequences of 
various assumptions about W. A is 
the development age of a typical ETi 
civilization that falls at half ampli¬ 
tude on the distribution above us. 
Rather than typical ETI, I suggested 
above that we should consider the 
most advanced ETI—the upper tail 
of the distribution in Figure 2—but 
the results are already startling 
enough, The next column in Table ! 


gives the geological time (in years 
before the present) at which the 
dominant PEL fits into the analogy to 
relate to us as we relate to this typical 
ETI. Then the corresponding geo¬ 
logical division and highest PEL are 
listed. The next column, labeled l, 
shows the average distance in parsecs 
between civilizations no more than a 
millennium ahead of us, on the as¬ 
sumption that the galaxy contains 10 9 
ecosystems uniformly distributed 
over a disk 30 kiloparsecs in diam¬ 
eter. 

Now I can imagine talking with 
mammals and birds, indeed I’ve done 
it, although the conversation was on 
a pretty low intellectual level. But 
oysters? The point is that if this 
analogy is good for anything, then our 
relationship with ETI is probably 
nothing like the relationship of a 
primitive human tribe with techno¬ 
logical man, which analogy seems to 
be in the minds of many who propose 
ETI searches, but instead is more like 
the relationship of an animal—a 
rather primitive animal—with man¬ 
kind. The idea that we shall be wel¬ 
comed as new members into the ga¬ 
lactic community is as unlikely as the 
idea that oysters will be welcomed as 
new members into the human com¬ 
munity. We’re probably not even 
edible. 

Is the degree of control exerted by the 
most advanced ETI over the galaxy 
more than, comparable to, or Jess 
than the degree of control exerted by 
mankind over Earth? That we are 
unaware of ETI is certainly relevant 
to this question. But another com¬ 
monplace fact might be equally rele¬ 
vant: the galaxy and the universe 
appear to be in extreme thermody¬ 
namic disequilibrium. The sky is still 
(almost) dark at night 150 years after 
Olbers. Unless our understanding of 
astrophysics is seriously flawed, pro¬ 
digious quantities of free energy are 
going to waste. This means that we 
are observing a natural process- 
nature is arbitrarily wasteful—rather 
than an engineered process, provided 
that ETI values free energy as we 
do. 

Kardashev (1964) defined three levels 
of advanced civilizations; a type-I 
civilization controls the resources of 
a planet, a type-II civilization controls 
the resources of a star, and a type-III 
civilization controls the resources of 
a galaxy. Mankind is fast approaching 


Table 1. The effect of various assumptions about the width of the number-density distri¬ 
bution (Win Fig. 2) 


PEL dominance 


Geological 


W(yrs) A 

( 10 9 yrs) Years B.P. 

epoch 

PEL 

l (parsecs) 

Comments 

10 io 

10 

2.5 X 10 9 

Precambrlan algae? 

2,700 

Probably impossible 

10 9 

5.5 

4.5 X 10 8 

Ordovician 

mollusks, 

trilobites 

840 

Likely 

10 8 

5.05 

5 X 10 7 

Eocene 

mammals, 

birds 

270 

Somewhat unlikely 

10 7 

5.005 

5 X 10 6 

Pliocene 

protoman 

84 

Very unlikely 


type-I status. Although there may be 
some of Kardashev’s type-I and 
type-II civilizations, we infer that 
there is no type-III civilization, at 
least in our galaxy. 

This argument is, alas, probably 
wrong. An assumption already con¬ 
tained in Kardashev’s definitions is 
that advanced civilizations will need 
or want to control the largest possible 
energy and material resources. I have 
even changed the definitions slightly; 
Kardashev referred to “energy con¬ 
sumption,” rather than control of 
resources, as if energy consumption is 
equivalent to level of development. If 
knowledge is the thing of great value, 
rather than matter and energy, then 
there may be no reason for grandiose 
engineering manipulation. If free 
energy is of little value, then there is 
little incentive to prevent its natural 
draining away. 

Where is everybody? 

The most interesting scientific 
problem of our age involves the 
question of the existence of ETI. Why 
are we unaware of ETI? I believe that 
this will become the most important 
and fruitful question about ETI. I 
suggest classifying most of the possi¬ 
ble answers into five categories: 

1. There is no ETI. We are either 
unique—the only ecosystem—or first 
in level of development. Hart (1975) 
presented careful arguments for this 
view. As discussed above, I regard this 
answer as unlikely because we seem to 
lack any special situation that would 
make us singular or outstanding. This 
answer must be regarded, neverthe¬ 
less, as a possibility. Finding planets 
around other stars and understanding 


the origin of life from nonliving ma¬ 
terial would strengthen the argu¬ 
ments in favor of the assumption of 
mediocrity and against our singu¬ 
larity. 

2. ETI is trying to talk to us or at 
least attract our attention, but we are 
not yet clever enough to hear or un¬ 
derstand. This answer is, surprisingly, 
the popular view. The shortcomings 
in most arguments for this answer 
involve attributing to ETI lesser 
capabilities than are in our own ex¬ 
trapolated future. The hypothetical 
ETI with whom we are to communi¬ 
cate seems to be just a few decades 
ahead of us—sometimes not even 
that. But even with generous as¬ 
sumptions, the probability that there 
is such a civilization anywhere in the 
galaxy is vanishingly small. 

3. Advanced civilizations don’t know 
that we’re here. But the sun, the solar 
system, Earth, and mankind are all 
conspicuous; there is no way to hide. 
We (mankind) shall certainly start 
cataloging and studying ecosystems 
in the galaxy as soon as we are able; 
why should ETI do less? 

4. Advanced civilizations know that 
we’re here but they don’t care; they’re 
ignoring us. We pose no threat and we 
have nothing that they want. This is 
a likely answer. If the assumption of 
mediocrity is correct, then we are 
average, ordinary, and perhaps un¬ 
interesting. Should this answer prove 
to be true, it would deal another blow 
to our anthropocentric ego. 

5. Advanced civilizations are dis¬ 
creetly and inconspicuously watching 
us but are not dabbling. This is the 
zoo hypothesis (Ball 1973). As Kuiper 
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and Morris (1977) point out, our cul¬ 
ture may be our only resource of value 
toETI: 

Complete contact with a superior civili¬ 
zation (in which their store of knowledge 
is made available to us) would abort [our) 
further development.... By intervening 
in our natural progress now, members of 
an extraterrestrial society could easily 
extinguish the only resource on this planet 
that could be of any value to them.... To 
establish that avoidance of open contact 
is not the most likely alien behavior, one 
would need to identify a resource that 
does not fall into this category, 

There are many versions of the zoo 
hypothesis arid some of them predate 
my 1973 paper. Eiseley (1957) says: 

Yet whenever I see a frog’s eye low in the 
water warily ogling the shoreward land¬ 
scape, I always think inconsequentially of 
those twiddling mechanical eyes that 
mankind manipulates nightly from a 
thousand observatories. Someday... we 
are going to see something not to our lik¬ 
ing, some looming shape outside there 
across the great pond of space. Whenever 
I catch a frog’s eye... I stand quite still 
and try hard not to move or lift a hand 
since it would only frighten him. And 
(standing thus it finally comes to me that 
gflis is the most enormous extension of 
lyigion of which life is capable: the pro¬ 
jection of itself into other lives. 

£ But then, like the oracle who does not 
t understand his own words, Eiseley 
adds, “This is the lonely, magnificent 
power of humanity.” To be charita- 
: ble, we might assume that he meant 
to say, “on Earth.” 

This classification of answers is in¬ 
complete; I have omitted, in particu¬ 
lar, the laboratory hypothesis as un¬ 
scientific. These answers are also 
incomplete in another sense; the gal¬ 
axy may contain an assortment of 
civilizations at various levels of de¬ 
velopment, as suggested in Figure 2, 
and we would need to ask why we are 
unaware of each. Alternatively, as 
Bracewell (1974) suggests, there may 
be a “galactic club” of interacting 
civilizations. Or, more likely in my 
view, the civilization that is number 
one exercises control and enforces the 
rules. They may keep us separate 
from our neighbors to prevent unfa¬ 
vorable or disastrous interaction. 

The present epoch on Earth is sin¬ 
gular at least in this respect: if we 
(mankind) are subjected to no con¬ 
straints, then we shall take over the 
galaxy in a relatively short time, say 


a few hundred thousand years. But if 
another more advanced civilization 
already exercises control, then we 
shall be stopped, somehow, in the 
endeavor, and in being stopped we 
shall probably become aware of this 
ETI. We cannot be kept in a zoo for¬ 
ever without becoming at least dimly 
aware of our predicament. 

Dawkins (1976) suggests that a mile¬ 
stone in history was passed when we 
became aware of genetic evolution 
and so the “why” of our own exis¬ 
tence. Another milestone, perhaps 
more important, will be passed, 
probably in our near future, when we 
become aware of our status with re¬ 
spect to ETI. 

Eavesdropping 

Categories 3 and 4 above allow the 
possibility of becoming aware of ETI 
by eavesdropping—that is, we might 
be able to observe advanced civiliza¬ 
tions as they go about their business, 
whatever that is. Eavesdropping 
means intercepting some of their 
stray energy or information and cor¬ 
rectly interpreting it as being from 
ETI rather than a natural process. We 
need not decode the signal, but we 
must determine, somehow, that it is 
a signal. 

Eavesdropping is, unfortunately, 
fiendishly difficult even if they make 
no effort at concealment. Although 
they may control an astronomical 
quantity of energy, they probably 
control it well, which means that they 
waste little of it. But their waste en¬ 
ergy is what we might hope to detect. 
Consider an example from recent 
history. Our first television trans¬ 
mitters used antennas that were 
nearly omnidirectional; much of the 
signal power went up and away from 
Earth. But since our TV broadcasters 
are unaware of any viewers out there, 
they began using more sophisticated 
antennas with pancake-shaped beams 
to direct the signal to their viewers on 
Earth. Less signal power is thereby 
lost in space. Sullivan and co-workers 
(1978) discuss our TV broadcasts as 
a source of information for ETI. The 
point here is that the more sophisti¬ 
cated we become, the less signal 
power we waste. 

Even if we catch some energy lost by 
ETI, we might not understand what 
we have. Everyone tries to interpret 
each new astronomical discovery as a 


natural process; so far we have suc¬ 
ceeded. Information theory shows 
that the more sophisticated a modu¬ 
lation scheme becomes, the more like 
noise it appears to naive would-be 
eavesdroppers. TV again gives an 
example. Our TV signals are ex¬ 
tremely un-noiselike, what with sync 
pulses and redundancy—each frame 
is much like the last. Eavesdroppers \ 
would easily discern the unnatural 
origin of our TV. But imagine the 
next generation: both transmitter and 
receiver know the time, which elimi¬ 
nates the need for sync pulses, The 
receiver stores information in a 
memory so that the transmitter needs 
to send only changes as they occur in 
the picture. Even with no additional 
sophistication, this gives a noiselike 
signal; eavesdroppers have a tougher 
job. \ 

Eavesdropping is fiendishly difficult, 
perhaps even more difficult than 
getting money from Congress to build 
a widget to try to eavesdrop with. 
Rumor is, however, that they give 
money to the CIA for such pur¬ 
poses. 

So what should we make of all this? I 
suggest as working hypotheses that: 

(1) Mankind is neither alone nor 
number one. Advanced civilizations 
exist and exert some degree of control 
over the galaxy and universe. (2) 
They are aware of us at least at some 
level. (But are they concerned with 
us? We may be only an obscure entry 
in their tabulation of inhabited re¬ 
gions of the galaxy.) (3) We are un¬ 
aware of them because either (a) they 
want us to be unaware; they are hid- : 
ing. (But this means that they care 
about us, else whybother to hide?) Or 
(b) we are not (yet) clever enough to 
know that they are there, but they do 
not care whether we know. These two 
subdivisions of (3) hinge on the value 
of our civilization to them. I am in¬ 
clined to an intermediate position: 
our ecosystem and culture are of some 
interest; Earth is worth studying at 
least by a few of their scientists, hut j 
the faun on their street has never 
heard of us and does not care to. 

To conclude, I can do no better than ; 
quote Dyson (1972), who suggests 
that “a reasonable long-range pro- . 
gram of searching for evidence of in¬ 
telligence in the galaxy is indistin- ■ 
guishable from a reasonable long- 
range program of general astronomi¬ 
cal exploration” I would add that J 


biological exploration, especially 
searching for understanding of the 
origin of life on Earth, is equally im¬ 
portant. 
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Ronald Wetzel Applications of Recombinant DNA 

Technology 

The new methods for precise manipulation of 
genetic material have made possible the transfer of 
genes between organisms, opening new avenues for 
basic and applied biochemical research 


chromosome or DNA fragment into a that two different DNA molecules can Using combinations of these enzymes 
series of well-defined pieces. The av- be covalently linked by first cutting natural or synthetic DNA can be in’ 
erage length of the pieces depends on each with the same endonuclease and serted into plasmids for incorporation 
the statistical occurrence of the par- then mixing them together in the into the bacterial cell Plasmids are 
ticular restriction site in DNA. In presence of the enzyme DNA ligase, natural DNA molecules which bac- 
many cases, the fragments turn out to which reforms the backbone phos- teria use to exchange genetic material, 
be about the size of a gene, and are phodiester bonds. These combined such as in the transfer of antibiotic 
thus ideal for experiments involving steps amount to a reversal of the Eco resistance from one bacterial strain to 
transfer of genes between organisms. RI cleavage reaction described above, another. They make useful vectors, or 
The staggered cuts made by many of Other useful enzymes are the DNA transforming agents, because they 
these enzymes create sticky ends in polymerases and reverse transcrip- can enter a bacterial cell and once 
the DNA fragments, which can real- tase, which are capable of synthesiz- inside not only replicate independent 
ign in solution by their sequence ing copies of DNA from, respectively, of the host chromosome but also, 
complementarity (Fig. 2). This means DNA or RNA templates. provided with the proper regulatory 


The discovery in 1953 of the double- 
stranded, complementary structure 
of DNA provided a kind of Ruther¬ 
ford atom to the emerging field of 
molecular genetics. The elegantly 
simple structure furnished a model 
for the design of experiments which, 
in the three intervening decades, have 
led to our current understanding of 
the genetic code, the biochemical 
mechanisms of the translation of ge¬ 
netic information, and the ways in 
which genes are regulated. As molec¬ 
ular geneticists directed their efforts 
from the general properties of DNA 
to the structure and properties of in¬ 
dividual genes, however, they began 
. to encounter tremendous experi- 
: mental difficulties. The low cellular 
concentrations of genes, the com¬ 
plexity of their nucleotide sequences, 
and the complexity of the genome 
into which they are organized loomed 
as possibly insurmountable barriers 
to the further biochemical study of 
gene structure and function. At the 
same time, difficulties in the genetic 
analysis of higher organisms greeted 
efforts to extend to eukaryotes the 
genetic techniques that had proved 


Ronald, Wetzel obtained his PkD. in physical 
organic chemistry from the University of 
California, Berkeley, in 1973. In postdoctoral 
work at the Max Planck Institute for Experi¬ 
mental Medicine, Gottingen, and at Yale, he 
pursued his interest in chemical approaches 
to the study of enzyme structure and function. 
At present he is a senior scientist in the pro¬ 
tein group at Genentech, Inc. His principal 
interest is in the application of recombinant 
DNA and chemical methods to the study of 
molecular mechanisms of action of hormones 
and other polypeptides. © 1980 by the au¬ 
thor. Address: Genentech, Inc., 460 Point San 
Bruno Boulevard, South San Francisco, CA 
94080. 


successful in probing the genes of 
simple prokaryotes like bacteria, The 
methods known collectively as re¬ 
combinant DNA techniques evolved 
in this tradition of the study of gene 
structure through microbial genetics 
and DNA biochemistry. These new 
methods, which are the subject Of this 
article, are now providing scientists 
with the tools necessary to acquire a 
more intimate knowledge of the ways 
in which DNA controls life processes, 
even in higher organisms. 

Applied as well as basic problems can 
be attacked using recombinant DNA 
methods, and in only a few years 
major achievements have been made 
in both areas. This article consists of 
a brief review of the basic principles 
and general features of recombinant 
DNA techniques and a discussion of 
some potential and already realized 
uses of these methods. These appli¬ 
cations include new knowledge of the 
structure of genes and gene products 
in higher organisms and of the nature 
of the genetic code, the production of 
nonbacterial proteins in bacteria, 
gene replacement therapy, and the 
development of new, specialized or¬ 
ganisms. (Figures 1,2, and 3 review 
the biochemical reactions in bacteria 
by which genetic information is 
stored, transferred, and converted 
into protein.) 

Recombinant DNA 
methods 

It would be difficult to find in nature 
a DNA molecule which is not already 
. a recombinant molecule. Recombi¬ 
nation is one of the key mechanisms 
through which new individuals are 
generated to be tested by natural se¬ 
lection in the grand scheme of bio¬ 
logical evolution. In higher organisms, 


an important part of the formation of 
germ cells during meiosis is the 
crossover of genes between homolo¬ 
gous chromosomes before these 
chromosomes segregate. This phe¬ 
nomenon derives from biochemical 
interactions of DNA molecules; the 
DNA strands of paired chromosomes 
break at equivalent positions, change 
partners, and reform to create natural 
recombinant DNA molecules. The 
DNA of prokaryotes has likewise 
been moved about for centuries by 
inherent exchange elements called 
transposons and by some bacteria! 
viruses, or phage. 

Recombinant DNA techniques are 
essentially in vitro extensions of these 
natural phenomena. The methods 
consist of ways to purify and identify 
genetic material from one source, 
tailor it for insertion into a new host, 
and isolate a colony of cells containing 
the desired new genes. 

Micromanipulation of DNA has been 
made possible by the discovery of a 
series of enzymes which catalyze 
various reactions of DNA molecules. 
An especially useful set of enzymes 
are the restriction endonucleases (if), 
which have the ability to cut double- 
stranded DNA at particular nucleo¬ 
tide sequences. The enzyme Ecu RI. 
for example, makes a staggered cut in 
DNA of the following sequence; 

5'-XXXGAATTCXXXX-3' 

3'-XXXCTTAAGXXXX-fi'~* | 

5'-XXXG , AATTCXXXX-r j 

3'-XXXCTTAA + GXXXX-5' 1 

These nucleases can be used to ad j 
vantage in several ways. Their speci¬ 
ficity gives them the ability to cuta 


Conversion of genetic information into protein 



Figure 1. The conversion of genetic information erate a hundred or more copies of itself within protein 

into protein is shown schematically in Figs. 1 the cell. Another enzyme, DNA-dependent 

and 2, Both the E. coli chromosome and the RNA polymerase, is involved in the transcrip- these aminoacyl-tRNA intermediates are 

plasmids so useful in recombinant DNA tion of sections of DNA into messenger RNA needed for both chemical activation of the 

methods are closed, circular, double-stranded (mRNA) molecules, which are single- stranded amino acid and accurate reading of the genetic 

DNA molecules, like those in the diagram. The polymers that mediate the conversion of DNA code, DNA polymerase, RNA polymerase, and 

enzyme DNA polymerase is responsible for the information into protein, Multisubunit en- ribosomes all acquire their great accuracy 

replication of the chromosomal DNA before zymes called ribosomes bind the ipRNA mol- through the specific interactions of nucleic 

cell division, with the result that both daughter ecules and, with these as templates, link amino acids known as sequence complementarity (see 

cells possess an identical genetic endowment, acids together to form proteins according to the Fig. 2), Another important aspect of protein 

One important aspect of plasmid DNA is that conversion table we know as the genetic code biosynthesis (shown at the right of Fig. 1) is 

it replicates independently of the chromosome; (see Fig. 3), The amino acids are carried to the that most proteins are slowly degraded in the 

one plasmid Inserted into an E. coli may gen- ribosome by transfer RNA (tRNA) molecules; cell to their constituent amino acids. 


•G CCTTTATG G AA A T TAT A CGTATGCC TGAAGAGTAAAGCAAATCCCGA- 
•CGGAAATACCTTT A AT ATGQAT ACGGACTTCTCATTTCGTTTAGGGCT- 


*UUUiAUG»GAA*AU'Ui>AUA»CQU*AUG#CCU»0AA»GAG*UAA*AGC»AAA»UCC*CGA 3’ itlRNA 


AV “ 3 ' DNA 
-| 

— 3' mRNA 


p 




Figure 2. The transcription and translation of 
genetic information depend on sequence 
complementarity. In double-stranded DNA, 
the nuceloaide adenosine (A) is always opposite 
thymidine (T), and 1 guanosine (G) is always 
opposite cytidine (C). When RNA is made by 
RNA polymerase, it uses the lower DNA strand 
in the figure as a template and inserts A, C, G, 


and U (chemically analogous to T) monomers 
according to the same complementarity rules 
to generate a sequence identical in biological 
information to the upper DNA strand. At the 
ribosome, the complementary interaction be¬ 
tween the triplet codon in the mRNA and the 
anticodon of the appropriate aminoacyl-tRNA 
determines which amino acid is inserted next 


in the growing polypeptide chain. The example 
here, for an imaginary gene, shows initiation of 
peptide synthesis at the methionine codon 
AUG and termination of synthesis at UAA, 
which is one of three possible "stop signs” in 
the genetic code. Most proteins are 10 to 100 
times as long as the peptide given in the ex¬ 
ample. 
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signals, direct protein synthesis in the 
same way the host chromosome does 

(Fig- D* 

The initial DNA product resulting 
from the construction of a recombi¬ 
nant plasmid is never homogeneous. 
Not only are the enzymatic and 
chemical methods of DNA synthesis 
not 100% efficient, but also the natu¬ 
rally derived starting nucleic acid 
fragments are themselves quite often 
complex mixtures containing only a 
small percentage of the desired gene. 
A desired DNA sequence among so 
many undesired sequences is ob¬ 
tained through the technique of 
cloning. 

When bacteria are transformed using 
a mixture of recombinant plasmids, 
a mixture of bacteria of differing ge¬ 
notypes is produced (Fig. 4). Each 
bacterium is capable of generating, 
through cell division, a colony of cells 
with equivalent genetic, and therefore 
physiologic, traits. Once a colony is 
found, it can be grown in almost lim¬ 
itless amounts, to amplify the gene or 
produce a gene product, Cloning, the 
isolation and proliferation of indi¬ 
vidual, genetically unique cells, thus 
provides a kind of high-resolution 
separation method for DNA mole¬ 
cules which would be difficult to re¬ 
solve by other means. In some cases 
having the DNA in a microorganism 
provides further advantages. But 
often, obtaining a particular piece of 
DNA in abundance and purity is the 
sole purpose of a foray into recombi¬ 
nant DNA technology. 


by taking advantage of the strong 
hybridization of complementary 
plasmid DNA and mRNA. This al¬ 
lows one to screen for desired plasmid 
DNA by observing its effect on an in 
vitro translation system in which the 
protein of interest is being produced 
from its natural eukaryotic mRNA. 
Two methods which utilize this 
principle are hybrid arrested trans¬ 
lation (3) and positive hybridiza¬ 
tion-translation (4). Other ways in 
which colonies can be tested for the 
presence of the protein product are 



LEU PRO HIS ARG U 

„ LEU PRO HIS ARG. C 

C LEU PRO GLN ARG A 

; LEU PRO GLN ARG G 

~ ILE THR ASN SER U 

• ILE THR ASN SER C 

A ILE THR LYS ARG A 

MET THR LYS ARG G 

VAL ALA ASP GLY u” 

„ VAL ALA ASP GLY C 

b VAL ALA GLU GLY A 

VAL ALA GLU GLY G 

Figure 3. The genetic code consists of a one- 
to-one correspondence between each of the 64 
possible combinations (codons) of the 4 nu¬ 
cleotides, A, G, C, and U, and the 20 amino 
acids used by the ribosome to make proteins. 
Chain synthesis is initiated by the methionine 
codon AUG; synthesis terminates at any of the 
3 chain termination (C.T.) codons. 


itself in the chromosome; the more 
enriched the DNA pool in the desired 
fragment, the easier its isolation using 
recombinant DNA methods. In ad¬ 
dition, isolated mRNA does not con¬ 
tain the internal nontranslated se¬ 
quences found in some eukaryotic 
chromosomal DNA (see below). 

A second type of synthetic DNA is 
derived from a combination of or¬ 
ganic chemistry and nucleic acid en- 
zymology. Recent improvements on 
the methods pioneered by H. G. 
Khorana make it possible to synthe¬ 
size gene-sized fragments of DNA in 
a matter of months, as in the case of 
the synthesis of the insulin gene (5). 
In this approach, a DNA sequence is 
designed, based on the genetic code 
(see Fig. 3), that can be expected to 
code for a particular protein. Chemi¬ 
cally synthesized DNA fragments art 
also very useful as hybridization 
probes and as primers for controlled 
enzymatic synthesis of DNA (6). 

The independently developed effi-1 
dent methods for chemical synthesis 
of DNA have added tremendously to 
the power of recombinant DNA 
techniques. The same is true for the 
modern technology for analysis of 
DNA sequences. In the past five years 
it has become possible to determine 
rapidly and easily the nucleotide se¬ 
quences of fragments of DNA up to 
several hundred nucleotides in length. 
Combined with restriction endonu¬ 
clease analysis of DNA, these meth¬ 
ods make possible the sequence de¬ 
termination of whole genomes (7). 


DNA recombination, transformation, and clonal selection 



Figure 4, Ligation of a mixture of DNA frag- Antibiotics can be used to select for only those sesses a particular DNA fragment can be 

ments into a plasmid DNA molecule yields a cells which have incorporated a plasmid, and sought out by one of the methods described 

mixture of plasmid molecules. Transformation each plasmid-containing cell grown on an agar below in Fig. 5. Once the desired colony has 

of a bacterial strain with this mixture leads to plate yields a colony of identical cells, or clones, been found, it can be grown in a flask or fer- 

a corresponding mixture of bacterial cells. The clone containing a plasmid which pos- mentor. 


Screening for clones 



autoradiogram of filter-paper blot In vitro translation autoradiogram of filter-paper blot radioimmunoassay 


Figure 5. Methods for screening a mixture of 
transformed cells for clones containing a de¬ 
sired gene include in vitro and in vivo assays 
and autoradiograms of filter-paper replicates 
of colonies. 


Some of the ways in which a desired The first such analysis, that of the 

clone can be identified are shown in bacteriophage 0X174, was reported 

Figure 5. The cells in each colony on in 1977 (8). (Michael Smith described 

the agar plate contain plasmid DNA, radioimmunoassay and biological the sequencing of 0X174 in the Jan- 

which replicates, and possibly directs activity assays. uary WSAmerican Scientist.) De- 

mRNA and protein synthesis, as tailed sequence analysis of a cloned 

shown in the top of Figure 5. A fil- The DNA fragments inserted into DNA fragment is often the desired 

ter-paper blot of the agar plate can be plasmids can be of wholly natural end of a recombinant DNA expert 

grown to produce a replica of the origin or they can be synthetic. One ment; in other cases the purpose 

array of bacterial colonies, and lysis type of synthetic DNA is made from might be to confirm a cloned se- 

and fixation of these cells onto the mRNA using the enzyme reverse quence before proceeding further in 

filter paper exposes the cytoplasmic transcriptase to generate the com- a series of DNA manipulations, j 

contents of the cells. Treatment of the plementary sequence called cDNA. 

filter with a radio-labeled comple- For example, reverse transcriptase Cells which contain autonomously j 
mentary nucleic acid (obtained, for plus the four deoxynucleoside tri- replicating DNA, composed in part (jf , 

example, by chemical synthesis) or phosphates, would make from the DNA from the same or a different 

antibody, followed by exposure of the mRNA shown in Figure 2 a cDNA organism, can be useful in a numbs 
filter to x-ray film, gives an autora- copy corresponding to the lower DNA of ways. It is convenient to viewsuci 

diogram which indicates those colo- strand. This method is preferred in clones from the following three per- 

nies containing the desired DNA (2) cases in which the mRNA can be ob- spectives: (1) A transformant can be 

or protein. tained from a particular tissue in an grown in culture to produce large 

enriched amount compared to the amounts of plasmid DNA. The de 
Plasmid DNA can also be sought out occurrence of the corresponding gene sired DNA fragments, once amplified 

666 American Scientist, Volume 68 


in this way, can be sequenced or used DNA purification and separations can be achieved by the 
and studied in other ways. (2) Prop- QTY , r .l 1 *^ PQ t-; nT1 segregation of plasmids containing 

erly engineered transformants can be ampillicaiioil different DNA inserts into different 

grown in culture to produce the There is enough DNA in a haploid bacterial colonies. Furthermore, once 
polypeptides coded for by the cloned human cell to code for about two the correct colony is found the desired 

DNA fragment. These proteins can be million genes of 1,500 base pairs each. DNA can be amplified almost without 

purified for use in basic research or The most sophisticated physical limit merely by growing the selected 
medicine. (3) Transformants capable methods of the nucleic-acids bio- colony and isolating the plasmid from 
of expressing (synthesizing protein chemist could not begin to resolve the broken cells, 
coded by) new DNA are phenotypi- such a mixture into individual genes. 

cally distinct cells that themselves If one had a hybridization probe for a Much of the current research in 
may possess new or enhanced prop- particular gene, it is conceivable that analysis of DNA sequences is directed 
erties useful to science or industry. In a method based on hybridization toward the goal of better under- 
the following sections each of these could purify that gene; but even so, standing how genes of higher organ- 
aspects of cloned organisms contain- the amount of material obtained in isms are regulated. With the excep- 
ing recombinant DNA molecules will this way would be insufficient for tion of the haploid germ cells, all the 
be discussed in turn. The, vast ma- study using even the most sensitive of cells of higher organisms contain the 
jority of cited experiments involve analytical methods. Recombinant same set of genes. Yet cells from dif- 
floninp into the enteric hacterium DNA techniques can overcome these ferent tissues of an organism produce 
EscheriMacolt problems because high-resolution vastly different collections of pro- 
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teins, in accord with the tissues’ 
macroscopic differences in function. 
The differentiation of stem cells into 
mature tissue during development is 
a dynamic example of the same 
property of the eukaryotic genome. 

Cells also have the ability to regulate 
the rate at which they produce the 
proteins coded for by their sets of 
“committed” genes, in keeping with 
the current interests and needs of the 
cells and the organism. These facts 
suggest mechanisms whereby genes or 
systems of genes are turned on and off 
during the lifetime of a cell, In 
prokaryotic organisms like bacteria, 
at least some genes are regulated 
through sections of DNA adjacent to 
the sequences that actually code for 
protein. This “noncoding” DNA acts 
by binding specialized molecules 
which control the transcription of the 
coding DNA. 

Because DNA does more than just 
code for protein, it is of interest to 
know the DNA sequences outside as 
well as inside the structural gene, and 
also the arrangement of related genes 
on the chromosome. The develop¬ 
ment of recombinant DNA tech¬ 
niques has given new life to attempts 
by molecular geneticists to extend our 
knowledge of gene structure to the 
world of higher organisms. One ap¬ 
proach is to analyze in depth the pri¬ 
mary structure of genes. Another is to 
study how genes function in alien 
cells. 

Knowledge of the coding region of a 
gene provides a great deal of infor¬ 
mation about the protein product. 
Another important use of coding 
DNA sequence information is in the 
study of the evolutionary relation¬ 
ships between genes and the organ¬ 
isms containing them. Just as Darwin 
deduced the evolutionary interrela¬ 
tionships of the species by studying 
their physiological differences, one 
can establish a genealogy of species by 
studying the differences in DNA se¬ 
quence of a gene common to different 
organisms. Lately it has become clear 
that some genes in the same organ¬ 
isms, coding for proteins with related 
or even unrelated functions, have also 
evolved from common ancestral DNA 
sequences. The study of evolutionary 
relationships between genes began 
with comparisons of the amino acid 
sequences of proteins. Since DNA 
sequence information is relatively 
easy to obtain, especially for related 


genes, recombinant DNA techniques 
should lead to new discoveries in the 
area of molecular evolution. 

One of the most dramatic results of 
the first years of DNA sequence 
analysis was the discovery of inter¬ 
vening sequences. The first clues that 
some structural genes could contain 
within them DNA inserts that do not 
code for protein came from analysis of 
DNA and RNA from the mammalian 
DNA virus Adenovirus 2 (9), Com¬ 
parison of the Adenovirus 2 genome 
with the mRNAs derived from it 
showed that in many cases one par¬ 
ticular mRNA might be composed of 
sequences from different parts of the 
viral genome of linear DNA (35,000 
base pairs). Similar results have been 
found for other viruses. Since useful 
amounts of viral nucleic acids can be 
prepared relatively easily, these 
studies did not rely on recombinant 
DNA approaches, 

On the other hand, this new technol¬ 
ogy was essential for the demonstra¬ 
tion that the phenomenon of inter¬ 
vening sequences was not confined to 
the rather special world of viruses. 
Using recombinant DNA techniques, 
several groups soon showed that in¬ 
tervening sequences exist in DNA 
coding for hemoglobin, ovalbumin, 
and immunoglobulin light chain. An 
example of intervening sequences in 
a gene coding for the hemoglobin 
component /3-globin is shown in Fig¬ 
ure 6, Restriction analysis and DNA 
sequence analysis have identified 
nucleotide sequences that are part of 
the structural gene but whose infor¬ 
mation is not included in the protein 
product. This extra information is 
processed out in the following way: 
DNA is transcribed with complete 
fidelity to give a complementary 
precursor RNA which includes the 
intervening sequences. Specific 
splicing enzymes then remove the 
intervening sequences to generate 
mature mRNA (11). 

The functions of intervening se¬ 
quences are not yet known. They may 
be important in perforating genes as 
an aid to the kinds of natural recom¬ 
binations that promote gene diversity 
in evolution; they may be involved in 
the control of transport of mRNA 
into the cytoplasm from the nucleus; 
they might comprise some of the 
regulatory features we expect to find 
in eukaryotic DNA in analogy to what 
is known for prokaryotes. Despite 


such imaginative models, it may de¬ 
velop that nature’s purposes, once 
revealed, will be as much a surprise to 
scientists as was the phenomenon of 
intervening sequences itself. 

Analysis of DNA sequences can also 
yield information regarding how in¬ 
dividual genes are organized on the 
chromosome with respect to each 
other. Examples of the organization 
of related genes into particular re¬ 
gions of the bacterial chromosome 
have been known for some time. In 
bacteria, these organizational units, 
which allow several genes to be placed 
under a single control element, were 
discovered and studied with the aid of 
microbial genetics. Figure 7 shows an 
example of a family of related eukar¬ 
yotic genes discovered by recombi¬ 
nant techniques to be located in the 
same section of the chromosome. The 
clustering of these seven genes and 
pseudogenes may reflect a common 
origin through gene duplication or a 
mechanism through which genes are 
turned on and off during develop¬ 
ment. 

Another important use of recombi¬ 
nant DNA sequence analysis is the 
study of hereditary, defects. This type 
of disease can be studied using re¬ 
combinant DNA techniques since the 
diseases involve damage to the DNA 
itself. Sickle cell anemia is an example 
of a point mutation, or single base 
change, in the gene coding for one of 
the subunits of hemoglobin. The 
DNA change is translated into an 
amino acid change in the hemoglobin 
molecule. This amino acid change 
causes a drastic alteration in the 
physical characteristics of the hemo¬ 
globin molecules, which in the mutant 
tend to form regular aggregates that 
distort the red blood cell. In some 
other genetic hemoglobin diseases, 
the thalassemias, an inbalance of ac¬ 
tive hemoglobin subunits exists be¬ 
cause of damage to DNA in the 
structural gene for one of the sub¬ 
units. Investigating the source of a 
genetic disease at the DNA level is a 
way of understanding the molecular 
biology of gene expression as well as 
better understanding the particular ( 
disease. 

The routine nature of some aspects of f 
DNA techniques raises the potential; t 
for clinical prenatal screening forge -1 
netic diseases (13). Once a method- l 
ology is established, it may he quite [ 
simple to check the DNA of the par- i 


668 American Scientist, Volume 68 


0 (5GCCAATCTGCTCACACAGGA TAGAGAGGGCAGGAGCCAGGCAGAGCAT AT AAGGTGAGGTA0GATCA6TTGCTCCT CACATTTGCTTCTGACAIAGTTG 

ioo tgttgactcAcaaccccagaaacagacatcatggtgcacctgactgatgctgagaaggctgcigtctcttgcctgtggggaaaggtgaactccgatgaag 

MfitValHi sleuThrAspAlaGlulysAlaAlaValSerCysleuTrpGlytys'/alAsnSerAspGluV 

ZOO TTGGTGGTGAGGCCCTGGGCAGGnGQTATCCAGGrTACAAGGCAGCTCACAAGAAGAAGTTGGGTGCnGGAGACAGAGGTCTGCTTTCCAGCAGACAC 

alGlyGlyGluAlaLeuGlyArg 30 

300 TAACTTTCAGTGTCCCCTGTCTATGTTTCCCTTTTTAGGCTGCTGGTTGTCTACCCTTGGACCCAGCGGTACTITGATAGCTTTGGAGACCTATCCTCTG 

3 1 LeuLeuValValTyrProTrpThrGlnArgTyrPhaAspScrPheGlyAspUuSarSsrA 

4C0 bCTCTGCT ATCATGGGTA ATGCCAAAGTGAAGGCCCA T GGCA AGAAGGIGATAACTGCCTTTAACGATGGCCTOAATCACITGGACAGCCTCAAGGGCAC 

laScrAlalleHatGlyAsnAlalysValLysAlaHisGlylysLysValllaThrAlaPhoAsnAspGiyleuAsnHisleuAspSerteuLysGlyTh 

500 CTTTGCCAGCCTCAGTGAGCTCCACTGTGAC AAGCTGCATGTGG ATCCT GAGAAC. TTCAGGGTGAGTCT GATGGGCACCTCCT GGGT TTCCTTCCCCTGC 

rPheAlaSerLeuSerCluieuHisCysAspLysLeuHi sValAspProGluAsnPheArq 104 

600 TArrCTGCTCAACCTTCCTATCAGAAAAAAAGGGGAAGCGATTCTAGGGAGCAGTCTCCATGACTGTGTGTGGAGTGTTGACAAGAGTTCGGATATrTTA 

700 TrcrCT'ACTCAGA'ATTGCTGCTCCCCCTCACTCTGTTCTGTGTTGTCATTTCCTCTTTCTTTGGTAAGCTTTTTAATTTCCAGTTGCATTTTACTAAATT 

800 AATTAAGCTGGTTATTTACTTCCCATCCTGATATCAGCTTCCCCTCCTCCTTTCCTCCCAGTCCTTCTCTCTCTCCTCTCTCTTTCTCTAATCCTTTCCT 

900 TTCCCTCAGnCATTCTCTCrTGATCTACGTTTGTTTGTCTTTTTAAATATTGCCTTGTAACTTGCTCAGAGGACAAGGAAGATATGTCCCTGTTTCTTC 

tooo t catagctcaagaatagtaocataattggctttt ATGCAGGG7GACAGGGGAAGAATATATTTTACATATAAATTCTGTTT GACATAGGATTCTT gtggt 

1100 GGTTTGTCCAGTTT AAGGTTGCAAACA AATGTCTTTGrAAAT AAGCCTGCAGGTATCTGGTAITTTTGCTCTACAGTTAT GT T GATGGTTCTTCCATATT 

1200 CCCACAGCT CC TGGGCAA TAT GAT CGTG A TTGTGCTGGGCCACC ACCTT GGCAAGGAT TTCACCCCCGCTGCACAGGCTGCCTTCCAGA AGGT GGTGGCT 

105 LcuLeuGlyAsiiMBUUVallleValLeuGlyHisHisLeuGlyLysAspPheThrProAlaftlaGlnAlaAlaPheGlnLysValValAla 

*3-0.0 GGAGTGGCCACTGCCTTGGCT CAC AAGTACCACTAAACCCCC TT TCCTGCTCTTGCCTGTGAACA ATGGTTAATT GTTCCCAAGAGAGCATCTGTCAGTT 

GlyVsLAlaThrAlaleuAlaHi slysTyrHi sTer 

_ pA 

K00 GTTGGCA AA AT GAT AGACATTTGAAAATCTGTCT TCTGACAA AT AAAAAGCATTTATGTTCACTGCAATGATGTTnAAATTATTTGTCTGTGTCATAGA 

1500 AGGGTTTATGCTAAGTTTTCAAGATACAAAGAAGTGAGGGTT CAGGTCTCGACCTTGGGGAAATAAA 


Figure 6. The nucleotide sequence of the coding 
strand for the major /?-globin gene from 
BALB/c mouse is shown in its entirety. The 
sequence was determined on cloned genomic 
DNA by Leder and co-workers. Nucleotides 
which directly code for protein are in white 
bars. The 1,567 bases sequenced include the 
entire mature mRNA sequence, from the 6' end 
that is normally “capped” by a special nucle¬ 


otide (here designated cAp) to the ,3' end that 
is polyadenylated in the mRNA (here desig¬ 
nated pA). All the included nucleotides, how¬ 
ever, are not involved directly in coding for 
protein. The methionine initiator codon is 
found at position 131-133, and the next 87 
nucleotides code for protein, as indicated by 
the amino acid abbreviations below the DNA. 
Breaks in the amino acid chain indicate breaks 


in the coding sequence; protein synthesis stops 
at the termination codon (Ter). Between ini¬ 
tiation and termination there are two inter¬ 
vening sequences of DNA that do not code for 
protein. After the gene is transcribed, a splicing 
enzyme or enzymes process out the intervening 
sequences to give mature mRNA that, trans¬ 
lated at the ribosome, will yield /3-globin. 
(Adapted from ref. JO.) 


ents for a suspected genotype. If one 
of the parents carries the defective 
gene, fetal cells from the amniotic 
fluid could be obtained for the same 
analysis. 

The genetic code and 
protein primary structure 

The key, shown in Figure 3, by which 
DNA sequence information is utilized 
to make specific proteins during bio¬ 
synthesis was established through 
studies on E. coli in the mid-1960s. 


Later studies on higher organisms 
seemed to indicate that exactly the 
same code is used in all cases. The 
notion that the genetic code is uni¬ 
versal came about through a reasoned 
analysis of these findings: if organ¬ 
isms so widely divergent as man and 
bacteria follow the same molecular 
genetic rules, the rules must preexist 
that divergence and so most likely 
date back to a proto-organism from 
which all species evolved. Further¬ 
more, it would be essentially impos¬ 
sible for an organism containing a 


variant code to develop once such a 
complex interlocking system is es¬ 
tablished. One changed codon as¬ 
signment would change many protein 
sequences simultaneously: most such 
changes would be deleterious, if not 
disastrous. . 

By some mechanism, nonetheless, a 
variant genetic code has evolved. It is 
found in the mitochondria, the or¬ 
ganelles of eukaryotes responsible for 
converting oxygen into useful mo¬ 
lecular energy. Like the chloroplasts 



Figure 7. The 65-kilobase (kb) region of the stages of human development: an embryonic DNA sequences that are highly homologous 

human chromosome shown here contains the gene e, two fetal genes G y and A y, and two with authentic genes but are not known to be 

genes for 3-globin. This gene “map” was con- adult genes S and /3. The genes turn out to be expressed-may be functional genes whose 

structed by restriction analysis of clones con- arranged on the same DNA strand in the pre- gene products have as yet not been isolated, or 

taining different portions of the DNA region, cise order of their chronological appearance as they may be vestiges of genes that were once 

There are five different jS-glotiin genes (color) active genes in the development of the organ- active in our ancestors. (Adapted from ref. 

known to be transcriptionally active at various ism. In addition, two “pseudogenes” (gray)— 12.) 
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of plant cells, mitochondria have their 
own genome, responsible for the 
synthesis of at least some of the pro¬ 
teins and RNA used by the organelle, 
DNA sequencing of mitochondrial 
genes has produced strong evidence 
that at least three differences exist in 
the genetic code used by mitochon¬ 
dria {14): CUA, normally a leucine 
codon, codes for threonine; AUA, 
normally an isoleucine codon, codes 
for methionine; and U 6 A, normally 
one of the three stop signals in 


pared to the facility with which the 
nucleotides of DNA can now be se¬ 
quenced, the amino acid sequencing 
of large proteins remains a tremen¬ 
dous chore. The proteins must be 
purified in milligram quantities, di¬ 
gested into often intractable frag¬ 
ments, sequenced, and the alignment 
of these fragments discerned. Deter¬ 
mining the sequence of proteins the 
size of E. coli /?-galactosidase requires 
many years of meticulous work. Large 
or even average-sized proteins which 


putative 7 -MSH 

signal putative 

peptide , hormone 

Figure 8 . The structure of the protein precur¬ 
sors of corticotropin (ACTH) and /3-lipotropin 
(/3-LPTI), as predicted from the DNA sequence 
of cloned cDNA, is shown schematically. Col¬ 
ored bars designate sequences that are in 
agreement with known amino acid sequences 
for the hormones ACTH and /3-LPH as well as 
the bioactive molecules apparently arising from 
their proteolytic breakdown: the melanotropins 


ACT H (1-39) 3-LPH (42-13 4)_ 

rMSH CUP 7 -LPH (42-101) p-endorphin 
(1-13) (18-39) (104-134) 

m 

p-MSH met-enkephalin 
(84-101) (104-108) 

cr-MSH and /3-MSH, 7 -LPH, /3-endorphin, 
CLIP (corticotropin-like intermediate lobe 
peptide), and met-enkephalin. The gray re¬ 
gions show DNA sequences that may code for 
as yet undiscovered polypeptides. (Adapted 
from ref, 15.) 


translation, codes for tryptophan. 
The reasons for these changes are 
unknown, but certainly one conse¬ 
quence is the genetic isolation of the 
mitochondrion. An mRNA containing 
any of these codons will have differ¬ 
ent meanings depending on which 
side of the mitochondrial membrane 
it is translated. 

How and when did these changes 
occur? If, as some believe, mito¬ 
chondria were once autonomous 
microorganisms which later estab¬ 
lished a symbiotic relationship with 
eukaryotic cells, the altered code 
could be a vestige of that ancient 
species; or the changes might reflect 
divergence from a common code, after 
the mitochondrion was established as 
an organelle. DNA sequencing may 
someday turn up other variations in 
other systems, which could tell us 
something about the origin of the 
genetic code, and hence the origin of 
life. : . 

Despite the surprising discovery that 
the originally described genetic code 
is not universal, it can often be ap¬ 
plied in yet another use of recombi¬ 
nant DNA technology, the prediction 
of protein primary structure. Com¬ 


happen to be scarce, like interferon, 
can be sequenced only after inter¬ 
feron-scale investments in time and 
money have produced a sufficient 
amount of pure material. 

DNA sequencing, helped by recom¬ 
binant DNA methods, has great po¬ 
tential in the area of protein se¬ 
quencing. The structural gene for a 
protein can be isolated even in the 
absence of protein structural data by 
one of the techniques illustrated in 
Figure 5. Hundreds of nucleotides can 
be sequenced by one person in a week, 
and the sequenced fragments ordered 
by straightforward restriction anal¬ 
ysis. Total reliance on such an ap¬ 
proach might be dangerous; signifi¬ 
cant errors would have been intro¬ 
duced, for example, if the sequence of 
the hemoglobin gene, with its inter¬ 
vening sequences, had been used to 
establish that protein’s primary 
structure, or if mitochondrial cyto¬ 
chrome oxidase, dependent as it is on 
a different genetic code, had been 
sequenced from its DNA. Some veri¬ 
fication, such as that provided by 
amino acid composition of the puri¬ 
fied protein, will help to strengthen a 
DNA-derived sequence, Post-trans¬ 
lational modifications such as disul¬ 


fide formation, glycosylation, N- 
acetylation, phosphorylation, and 
hydroxylproline formation will con¬ 
tinue to require work at the protein 
level. 

On the other hand, some aspects of 
protein structure, such as identifica¬ 
tion of short-lived precursors, can be 
studied best by DNA sequencing. 
Until recently it has been necessary to 
purify and identify these protein 
precursors before their existence can 
be proved or even guessed at. By se¬ 
quencing the gene coding for a pro¬ 
tein it is now possible to predict the 
existence of precursor forms that are 
processed after translation. An ex¬ 
cellent example of the power of gene 
cloning and DNA sequencing in this 
area is the elucidation of the structure 
of the bovine gene for the cortico- 
tropin-jd-lipotropin precursor (Fig. 8 ). 
The protein sequence predicted from 
this DNA suggests a series of pro¬ 
cessing events, including removal of 
the signal peptide and subsequent 
cleavages, which must occur after or 
during protein biosynthesis. 

Signal peptides were predicted by 
Blobel and Sabatini in 1971 (Zf>) to 
explain how certain polypeptides are 
specifically synthesized by mem¬ 
brane-associated ribosomes and se¬ 
creted from the cells in which they are 
made. Their existence was first veri¬ 
fied when it became possible to syn¬ 
thesize protein in cell-free translation 
systems by adding isolated mRNA. 
Only in the absence of cell mem¬ 
branes, where secretion with con¬ 
comitant removal of signal peptides 
occurs, can the precursors containing 
the uncleaved N-terminal sequences 
be isolated. Analysis of DNA se¬ 
quence now makes it possible to se¬ 
quence indirectly the signal peptides 
of any protein whose gene has been 
cloned. 

New hormones may also be discov¬ 
ered by these methods. In Figure 8 , 
for example, the region labeled 
Y-MSH is homologous with the se¬ 
quence of the known hormones «• 
and /3-MSH; y-MSH therefore may 
be a newly discovered hormone. Al¬ 
though 7 -MSH may be of transient 
existence it may still be important 
biologically. From its DNA-predicted 
sequence, it can be synthesized 
chemically and the synthetic material 
utilized in a number of ways to probe 
for the biological relevance of the 
polypeptide {17), 


Synthesis of polypeptides methods shown in Figure 5, to pro- end corresponding to the N-terminus 
duce in large amounts proteins whose of the coded protein, to remove, for 
Despite much creativity and hard structures have not previously been example, DNA coding for an N-ter- 
work by organic chemists, their abil- determined. While such a technology minal signal peptide. In addition, a 
ity to synthesize polypeptides effi- lends itself clearly to the area of in- special plasmid designed for expres- 
ciently is limited to molecules not dustrial pharmaceuticals, it is also of sion of appropriately tailored DNA in 
exceeding about 50 amino acids. After tremendous potential in many fields the host organism will be required, 
this length the succession of incom- of basic biochemical research. Ap- 

plete chemical reactions reduces the plications in both areas will be dis- The two kinds of expression vectors 
yield of the desired molecule and in- cussed in this section, together with that have been developed are sum- 
troduces accumulated side-products consideration of some of the dif- marized in Figure 9 . One type, which 
that resemble the desired product so ficulties involved in subverting the was used in the first demonstration of 
closely that purification becomes as metabolism of a microorganism. bacterial expression of a gene for a 



promotor ribosome coding sequence 

binding site 


bacterial expression of foreign genes 



fusion direct 


Figure 9. Two methods of foreign gene ex- bacterial gene, This may be accomplished by as the normal E. coli protein. Although gener- 

pression have been developed. Efficient ex- adding the new gene to some point within the ally inactive, fusion proteins can be processed 

pression in E. coli of a gene not native to bap- coding region of a normal bacterial protein (see to yield active foreign gene products, Another 
teria requires the assistance of native bacterial Fig. 10). So long as the connection puts the new approach (shown in detail in Fig. 11) is to place 
signals (a promotor and ribosomal binding site) gene in the normal reading frame of triplet the new gene exactly with respect to the bac- 

whieh are present in. the S'-untranslated region codons, this method will synthesize a “chim- terial DNA signals so that “direct expression" 

that comes before the coding region in the eric” or “fusion” protein at about the same rate from an added ATG start codon can occur, 


challenging as synthesis. No method A foreign gene inserted at random eukaryotic peptide—the human 
of chemical synthesis exists for the into a bacterial plasmid has little hormone somatostatin, which has ah 
efficient production of a molecule the chance of being efficiently expressed inhibitory effect on the secretion of 
size of growth hormone (191 amino in a transformed microorganism. The insulin and growth hormone (18)-is 
acids). In addition, it is worth noting newly introduced DNA may contain especially useful in the production of 
that organic chemists must know the an intact structural gene and the smaller polypeptides. In this case 
structure before they can synthesize DNA control elements which gov- (Fig. 10), the new DNA is added to a 
the compound. erned its expression in the original restriction enzyme incision in the m- 

organism, but the host organism’s terior of the gene for a bacterial pro- 
Protein biosynthesis, on the other systems of transcription and trans- tein. The resulting “chimeric’’protein 
hand, suffers from no particular size lation may at best only dimly recog- can be chemically processed later to 
or composition limits. With the de- nize these alien signals. Isolation of yield the desired polypeptide, ihe 
velopment of methods for the con- the desired gene is therefore only an chimeric protein approach solves two 
struction of plasmids which can effi- intermediate step if efficient pro- problems: it provides a bacterial 
ciently produce proteins coded on duction of the gene product is the promotor/operator without a lot ot 
cloned DNA fragments, it even be- ultimate goal. The DNA in all likeli- laborious DNA enzymology, and it 
comes possible, through the screening hood will have to be tailored at the sometimes yields a polypeptide that 
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mid, pGH6, containing tandem lac 
promotors followed immediately by 
an Eco RI restriction site into which 
any piece of DNA starting with an 
Eco RI site could be inserted, and (2) 
the use of a “semisynthetic” DNA 
approach. Because there was no con¬ 
venient restriction endonuclease site 
in the cloned natural growth hormone 
cDNA, precise excision at the codon 
for amino acid number 1 of the ma¬ 
ture growth hormone protein, for in¬ 
sertion into the pGH6, was very dif¬ 
ficult. 

Instead, a convenient restriction site 
(Hae III) was found after the codon 
for amino acid number 24. This site 
was exploited by making it the point 
of attachment of two DNA fragments 
which together make up a structural 
gene for human growth hormone. As 
Figure II shows, HGH1-24, derived 
from chemical/enzymatic synthesis, 
and HGH 24-191, derived from 
cDNA from pituitary mRNA, were 
purified, trimmed by restriction en¬ 
donucleases, ligated together, and 
then inserted into pGH6 to make 
plasmid pHGH 107, coding for direct 
expression of human growth hor¬ 
mone. 



^-galactosidase fragments 

Figure 10. To make the expression vehicle for 
somatostatin, a plasmid was constructed by 
combining the majority of the DNA from a 
plasmid with a restriction fragment of the E. 
coli chromosome containing the lac promotor, 
operator, and about 98% of the 0-galactosidase 
gene, plus chemically synthesized DNA coding 
for somatostatin, The codon for methionine, 
ATG, was placed between the /3-galactosidase 
and somatostatin DNA. When E. coli m 
transformed with this plasmid, transcription 
from the plasmid lac promotor and translation 


is more stable in the cell than the 
hormone alone would be. 

In the other type of expression vector, 
a restriction endonuclease is used to 
cut open a specially designed plasmid, 
which allows inserted DNA to acquire 
a bacterial promotor (or transcription 
start), a ribosomal binding site for 
efficient translation of the mRNA, 
and the initiator codon AUG. This 


Ala*GlyCys-Lys*Asn-Phe- 
j Phe 

s Trp 

I Lys 

| Thr 

Cys-Ser-Tbr-Phe 

active somatostatin 

of the mRNA take place as they would for any 
normal E, coli gene to give the chimeric poly¬ 
peptide shown. The cells can be broken and the 
chimeric protein recovered and treated with 
cyanogen bromide, which cleaves polypeptide 
chains on the C-terminal side of all methion¬ 
ines, Since somatostatin itself contains no 
methionine, it is stable under the conditions 
necessary to release it from the chimeric pro¬ 
tein, Somatostatin can then be purified from 
the other cyanogen bromide fragments. 
(Adapted from ref, 17) 


kind of plasmid was first used for the 
synthesis of human growth hormone 
in bacteria [19). The experimental 
approach for the expression of growth 
hormone provided a way to engineer 
direct expression (expression unaided 
by chimeric protein) of a eukaryotic 
polypeptide in E. coli (Fig. 11). 

The keys to this successful expression 
were (1) the construction of a plas¬ 


Clever DNA engineering to achieve 
efficient ribosomal synthesis of a new 
protein may not in itself be sufficient 
for producing useful amounts of the 
protein in bacteria. In the expression 
of somatostatin, for example, two 
i8-galactosidase-somatostatin chim¬ 
eric protein plasmids were con¬ 
structed and separately tested (18). 
The plasmid which contained the 
bulk of the gene coding for the 
1,023-amino-acid jS-galactosidase 
gave good yields of the hormone; an¬ 
other plasmid in which only 7 j3-gal- 
actosidase amino acids preceded the 
hormone failed to give detectable 
product. In all likelihood this is due to 
the difference in the stabilities of the 
two chimeric proteins in the bacterial 
cell. 

As Figure 1 illustrates, proteins can 
be degraded in the cell to their con¬ 
stituent amino acids, which in turn 
can be recycled in the production of 
new protein. All proteins in the cell 
are degraded by proteolytic enzymes 
at finite rates. Proteins perceived as 
unnatural, either because they are not 
native to the cell or because they are 
normal proteins that have denatured, 
are degraded at accelerated rates (20). 
In addition, most polypeptides below 



purify by cloning HGH cDNA 24-191 + other fragments 

| purify by cloning 


Eco RI Hae III Hae III XMa l 



Eco RI Sma I 


T_ HGHl-TbT 



Figure 11. To construct an expression vector for 
direct bacterial biosynthesis of human growth 
hormone (HGH), DNA was manipulated as 
summarized here. Hae III, XMa I, Hind HI, 
and Eco RI and SI are nucleases used to tailor 
DNA; lac stands for the control elements 
(promotor, operator, and ribosome binding 
site) of the lactose operon. 


a certain size range are fairly rapidly and host organisms should make Applications of 
degraded in bacteria like E. coli. This possible the successful production of polypeptide biosynthesis 

means that small hormones, small many foreign polypeptides, but there * 

chimeric proteins, and even some may be some proteins which cannot Many of the medically useful hor- 
large proteins which happen to be be produced by this technology. Sta- mones in the human body are poly- 
recognized. by degradative enzymes bility is not the only consideration, peptides. Clinical use of some of these 
will lead a transient existence in For example, some foreign proteins is limited at present only because 
v j vo> _ expressed in E. coli may prove so they are difficult to obtain. Growth 

toxic to the bacterial cells that growth hormone is a case in point: it js too 
Experimentation with different of the transformed strain will be im- large to be synthesized chemically; 
chimeric proteins, growth conditions, possible. the current source, extraction from 
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pituitaries of human cadavers, cannot 
be expanded; and, unlike another 
hormone, insulin, the animal versions 
of growth hormone have no activity in 
man. Even in the case of insulin, in 
which the clinical need is currently 
satisfied by animal insulins of slightly 
different composition, there is good 
reason to produce the human version 
in bacteria; bacterial production frees 
insulin supply from its current de¬ 
pendence on possible fluctuations in 
the beef and pork industries, and 
there may be some diabetics who 
would benefit from receiving insulin 
which is chemically identical to the 
normal human hormone. Since the 
expression of somatostatin in 1977, 
efficient production in bacteria has 
been realized for insulin [21), growth 
hormone, proinsulin (22), thymosin 
ai (23), and human leukocyte (24) 
and fibroblast (25) interferons. 

Another class of molecules of tre¬ 
mendous potential in medicine is the 
antigenic proteins of some mamma¬ 
lian viruses. These molecules, which 
are found on the protective shell of 
the virus particle, provide the sites 
against which antibodies are raised in 
an invaded organism, Viruses killed 
in vitro make effective vaccines be¬ 
cause the innoculated individual 
raises antibodies to the dead virus 
which can later react with a living 
virus of the same type. One problem 
with this approach has been the 
danger that vaccines may be con¬ 
taminated with viable viruses, If the 
isolated surface antigenic protein is 
by itself effective at raising anti¬ 
bodies, it would make a much safer 
vaccine that could be produced in¬ 
expensively and without risk by re¬ 
combinant DNA approaches. 

Enzymes are also proteins, and suc¬ 
cessful applications of enzyme ther¬ 
apy will create a need for large 
amounts of some of these. Enzymes 
also have clinical testing and even 
large-scale industrial applications. 

Many basic research problems in 
protein chemistry, enzymology, mo¬ 
lecular biology, and pharmacology 
cannot be addressed simply because 
of a lack of material, Often the need 
for a particular protein can be satis¬ 
fied by cloning methods. Expression 
of a protein in a foreign environment 
also has the potential of providing 
valuable protein precursors which 
when synthesized in the native cell 
are unisolatable, transient species. 
For example, a protein like fibroblast 


interferon which is normally glyco¬ 
sylated when produced in mamma¬ 
lian cells may be produced in an un¬ 
modified form in E. coli. In cases like 
this, post-translational modifications 
which occur in specialized mamma¬ 
lian cells but not in bacteria might be 
studied using the unprocessed pre¬ 
cursors synthesized in the bacteria. In 
addition, the biological role of the 
post-translational modification can 
be studied by observing the activity 
of such an undermodified analog. 

Both in clinical medicine and in basic 
research there is a tremendous need 
for effective means of systematically 
altering the structures of proteins. 
The ability to generate polypeptide 
analogs makes possible comparisons 
in biological behavior with the normal 
molecule, which may give clues to the 
detailed chemical mechanism by 
which the protein functions. Addi¬ 
tionally, drug analogs often provide 
different degrees or spectra of action 
which give the clinician more power 
and flexibility in treating a disease. 

In the past, protein chemists have 
been restricted to two general ap¬ 
proaches to analog design. Small 
polypeptides can be chemically syn¬ 
thesized from constituent amino 
acids, and it is a simple matter to 
substitute natural or unnatural amino 
acid analogs at defined points in the 
synthesis. For polypeptides too large 
for de novo synthesis, a limited 
number of specific chemical modifi¬ 
cations can be made on isolated nat¬ 
ural protein to generate potentially 
useful analogs. 

With recombinant DNA techniques, 
even the largest of proteins can be 
subtly altered by modifying its gene 
and by engineering expression of the 
analog. Changes can be as small as 
single amino acid substitutions or as 
great as the addition or deletion of 
long stretches of polypeptide. An 
analog of human proinsulin, “mini-C” 
proinsulin, in which the central sec¬ 
tion of the molecule was reduced in 
length from 35 to 6 amino acids, has 
been synthesized by this approach 
(26). 

The anabolic systems whereby spe¬ 
cific amino acids are inserted into a 
growing polypeptide chain at the 
ribosome in response to particular 
codons are of necessity highly specific 
for that amino acid. Although this 
creates severe limitations to the bio¬ 
synthesis of polypeptide analogs 


containing unnatural amino acids, 
some useful approaches are possible. 
For example, it is known that E. coli 
cm grow in the presence of some an¬ 
alogs, such as various fluorotyrosines, 
and incorporate those amino acid 
analogs into their polypeptides, Iso- 
topically labeled natural amino acids 
can also easily be incorporated into 
proteins produced in bacterial cul¬ 
ture, and these can make extremely ' ^ 
valuable molecules in experiments 
involving detection or study by ra¬ 
diochemistry or nuclear magnetic 
resonance. In the future it may even 
be possible to achieve biosynthesis of 
more bizarre polypeptide analogs 
using in vitro translation systems 
containing activated unnatural amino 
acids (27). 

Construction of new cells 
and organisms 

The use of selective breeding tech- ’ 
niques to generate, within a species, 
new individuals with enhanced fea¬ 
tures is one of our oldest practical 
sciences. Experiments in which two 
organisms from different species are 
interbred to generate an unusual 
juxtaposition of properties have until 
now been confined to the eugenic I; 
riddles popular with children. What 
do you get when you cross eugenics 
with recombinant DNA technology? 
Answer: the ability to generate new 
organisms by transferring genetic 
traits without regard to species har¬ 
riers to reproduction. 

The ancient role of yeast in the fer¬ 
mentation of some sugars to yield al- i ■ 
cohol is currently being expanded in ) 
our search for renewable energy f 
sources. One use of yeasts might be to ; 
ferment grains for the express pur¬ 
pose of alcohol production. Another 
approach is the search for an organ¬ 
ism capable of fermenting agricul* ; 
tural leftovers like the corn plants : 
themselves. Yeasts do not have the 
capacity to break down the ornate 
polymers that make up the cellulosic 
cell walls of plants; other micro¬ 
organisms produce cellulases which 
can digest this material but are not 
capable of making alcohol, The ; 
transfer of genes for the cellulases j 
into fermentation yeast could gener¬ 
ate a single organism that can carry 
out the overall process. 

The tools of recombinant DNA 
technology are not confined to the 
transfer of DNA into bacterial hosts, t 
Methods also exist for the insertion of j ; 


DNA into the cells of plants and ani¬ 
mals. Using a DNA virus, SV 40, a 
rabbit /3-globin gene has already been 
inserted, and its expression detected, 
in monkey cells in tissue culture (28). 
Such experiments make possible the 
comparative study of aspects of gene 
expression as well as post-transla¬ 
tional transformations like protein 
glycosylation. For example, it has 
been shown that, although mouse 
cells are capable of correctly pro¬ 
cessing the intervening sequences in 
rabbit jd-globin in mRNA (29), the 
lower eukaryote yeast cannot (30). 

Perhaps the ultimate application of 
this technology in the human health 
field lies in carrying out the kinds of 
genetic manipulations described 
above on cells which would subse¬ 
quently be returned to the body. Such 
“gene replacement therapy” could 
attack a variety of human genetic 
diseases and conditions at the root of 
the problem—the defective genes 
themselves. Healthy genes forsoine 
proteins involved in genetic diseases 
are already available; if such a gene 
could be inserted, along with the 
necessary control elements, into the 
chromosome of the defective cell 
(ideally by directly substituting a 
good allele for a bad) and the altered 
cell reestablished in the host organ¬ 
ism, the genetic disease could be 
cured. This becomes possible to the 
extent that the cell type in which the 
defective gene is expressed is ame¬ 
nable to such transfers. The ability of 
in vitro transformed mouse bone 
marrow cells to establish a viable cell 
line when returned to mice has al¬ 
ready been described (31). Of course, 
only by performing such gene surgery 
on the germ cells that develop into 
eggs and sperm could the danger of a 
defective gene to unborn progeny be 
neutralized. 

Recombinant DNA techniques are so 
powerful and efficient, and such re¬ 
markable results in many areas of 
biomedical research have been 
achieved through them, that the 
projections of only four years ago by 
its most vigorous promotors seem 
now quite conservative. Biologically 
active insulin, in practical yields, is 
already being produced by bacterial 
fermentation, and major advances in 
our understanding of gene regulation 
and expression are being made 
monthly. While the rate of progress is 
already dizzying, it will no doubt in¬ 
crease with improvements in meth¬ 
odology and the realization that re¬ 


combinant methods can be exploited 
in other areas of biological science. 
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Direct observations of geology are 
largely confined to the two dimen¬ 
sions that define the surface of the 
earth. Direct exploration of the third 
spatial dimension, depth, is possible 
by means of drill holes, excavations, 
and tunnels, and is thus restricted to 
special locations and to depth ranges 
that are small in comparison with the 
thickness of the earth’s crust. Of 
course, because the earth has been 
built by a sequence of events, there is 
a fourth, or temporal, dimension that 
geologists must also seek to under¬ 
stand. Knowledge of this temporal 
dimension must come largely by in¬ 
ference based on observation of the 
modern earth, since the lifetime of an 
individual human being, or even the 
time span of recorded history, is in¬ 
finitesimal in comparison with the 
4 V 2 billion-year age of the earth. 

The possibilities for indirect obser¬ 
vation of the depth dimension are 
many. They range from studies of 
samples of rocks formerly deep in the 
earth that have been brought to the 
surface by volcanic and tectonic ac¬ 
tivity to exploration of bodies of the 
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Exploring the Basement of the 
North American Continent 

Seismic reflection profiling increases our knowledge 
of the deep continental crust and our understanding 
of the earth's history 


solar system from which we might 
learn about the earth by analogy. 
There is the subtle evidence of isotope 
geochemistry and the record of the 
sediments of basins, for example. 
There is a suite of geophysical meth¬ 
ods with which to probe the earth’s 
interior in an indirect manner, All of 
these techniques are revealing, yet all 
have limited scope and resolution. 

In this article I shall concentrate on 
the recent application of one geo¬ 
physical method—the seismic re¬ 
flection profiling technique—to the 
study of a particular part of the earth, 
the basement rocks of the continents, 
or, in effect, the continental crust. 
This method is proving to be a par¬ 
ticularly effective means of gaining 
insight into the third spatial dimen¬ 
sion of the crust, 

Seismic reflection 
profiling 

The seismic reflection profiling 
technique is a product of the petro¬ 
leum industry, where it had its roots 
in the 1920s. Over the years, it has 
been developed with great skill, ef¬ 
fort, and expense into a sophisticated 
and powerful method for exploring 
the subsurface of the earth. It allows 
much finer resolution of buried 
structural detail than other geo¬ 
physical methods, and its success in 
the petroleum industry confirms its 
potential and worth, More than 90% 
of the industry’s geophysical explo¬ 
ration budget—well over a billion 
dollars per year—is spent on the ex¬ 
ploration of promising sedimentary 
basins by this method. Most of the 
world’s sedimentary basins and al¬ 
most all of its oceans have been criss¬ 
crossed by seismic reflection profil¬ 
ing—repeatedly, in fact, as major 
improvements in the technique have 
called for resurveys—and most 


modern discoveries of petroleum have 
resulted from its application. 

Seismic reflection profiling is similar 
to, and in principle as simple as, 
ocho-sounding from a boat. In prac¬ 
tice, however, the passage of waves 
through rocks and the reflection of 
those waves from the multitude of 
interfaces that separate rock units 
and act as reflectors are much more 
complicated than echo-sounding of 
the seafloor. The technique is also 
more complex. In applications such as 
those described here, each source el¬ 
ement is a large truck-mounted vi¬ 
brator. Real and computer-simulated 
arrays of seismic signal sources are 
used, and literally tens of millions of 
rays probe the earth in even the 
smallest surveys. Receiving arrays 
consist of several thousand detectors, 
feed into 96 channels, and may be as 
much as 10 km long. 

The source and receiver array system 
is moved slowly over the earth’s sur¬ 
face like a giant caterpillar. Sources 
may be only 6 m apart and geophones 
only 3 m apart along the entire line of 
a profile that is sometimes hundreds 
of kilometers long. Huge quantities of 
data are recorded, and extensive 
processing and reprocessing by com¬ 
puter are necessary. The final product 
is unusually detailed information 
about the structure and other physi¬ 
cal properties of the rocks along that 
profile. 

The information is presented in var¬ 
ious ways: the most common and 
perhaps the most' useful is a section 
with the horizontal distance along the 
profile as the abscissa and the time 
required for the signal to be reflected, 
back (which depends on the depth 
and the velocity along the path) as the 
ordinate (see. Fig. 1). To a first ap¬ 
proximation, such a seismic section 


corresponds to a section through the 
earth, in which major interfaces be¬ 
tween rock units may be clearly visi¬ 
ble. However, the correspondence is 
not exact, owing to the effects of wave 
propagation and the manner in which 
the data are acquired and processed, 
and the skilled interpreter must take 
these things into account. Further¬ 
more, the interpreter must integrate 
the seismic data with other relevant 
information, geological and otherwise, 
to provide the most realistic, inter¬ 
nally consistent picture of the earth 
at that locale. It is this interpretive 
level of activity that perhaps provides 
the greatest challenge and the great¬ 
est reward and fascination. 

It is only since 1975 that seismic re¬ 
flection profiling has been applied 
extensively and systematically in the 
United States to the study of the hard 
crystalline rocks that underlie the 
sedimentary basins and make up the 
bulk of the continental crust. Only 
very limited areas of the continent— 
about a dozen sites in the U.S.—have 
been explored to date in this new ef¬ 
fort; nevertheless, the results dem¬ 
onstrate beyond doubt the effective¬ 
ness of the technique in probing this 
new frontier and provide new—and 
sometimes startling—information on 
subsurface geology. The success of the 
method implies that at some time in 
the future seismic reflection profiling 
of continental basement rocks will 
provide information on the conti¬ 
nents with the high density of cover¬ 
age that characterizes seismic explo¬ 
ration of the world’s ocean floors and 
sedimentary basins. 

The continental 
basement 

Basement is something of a catchall 
term in geology, since it is used loosely 
to describe the complex of rocks 
underlying the oldest identifiable 
rocks in a particular area. The ambi¬ 
guity occasionally arising from this 
definition need not concern us here. 
I shall use the term as it is commonly 
used to refer to the complex of igneous 
and metamorphic (i.e. crystalline) 
rocks that lie beneath the sedimen¬ 
tary rocks on the earth’s surface. Ac¬ 
cording to this definition, the upper 
boundary of the basement is well- 
defined, but the lower boundary is 
not. I intend the term to include the 
rocks making up the deep crust and 
perhaps the uppermost mantle. Thus 
the basement extends from the bot¬ 


tom of the sediments, 0-10 km or 
more below the surface of the earth, 
to depths of more than 40 km. Al¬ 
though there are important excep¬ 
tions, the top of the basement corre¬ 
sponds in many areas of the world to 
the physical boundary between rocks 
of the Precambrian and Phanerozoic 
eras; the Precambrian era ended 
about 600 million years ago. The bulk 
of the continental basement is prob¬ 
ably made of Precambrian rocks. 

It is partly the great span in age of the 
constituent rocks—perhaps 4 billion 
years or so—that makes exploration 
of the continental basement so ex¬ 
citing. The record of more than 95% 
of the earth’s history must be sought 
primarily in continental rocks, since 
the rocks that make up the deep 
ocean floors are all relatively, young 
and provide information on, at most, 
the last 200 million years. Continental 
rocks are the primary—indeed, al¬ 
most the sole—source of information 
regarding the details of plate tecton- 
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Figure 1, In a typical seismic section obtained 
by COCORP along a line running almost par¬ 
allel to the structure in the Rio Grande Rift, 
signals picked up by the receiver within the 
first second were reflected from the young 
sediments in the Rift Valley, The strong signals 
picked up at 6-8 sec were reflected by the 
magma body discovered by Sanford, and those 
in the 10-12 sec range by rocks near the base of 
the crust. The distance along the horizontal 
axis is measured by vibration point number (1 
VP = 100 m). The vertical axis shows the travel 
time of the signal, 1 sec corresponding to a 
depth of.~3 km. 


ics more than 200 million years ago 
(i.e. before the breakup of Pangea) 
and the dynamics of the earth before 
the onset of plate tectonics, whenever 
that was. Although the record tends 
to be more fragmentary in older 
rocks, there are ample signs that, with 
further study, our knowledge of the 
earth’s history will grow much more 
complete than it is today. 

Precambrian basement rocks are ex¬ 
posed at the surface in many parts of 
the U.S.—although the area of expo¬ 
sure is small compared to the total 
surface area. The Rockies and the 
Appalachians have prominent expo¬ 
sures; other important sites include 
extensions of the huge Canadian 
shield into Minnesota/Wisconsin and 
New York (the Adirondacks) and 
features such as the Ozarks and the 
Llano uplift in Texas. Where the 
rocks are exposed, geologists are able 
to inspect, sample, map, date, and 
otherwise analyze them. On a con¬ 
tinentwide scale, the information thus 
obtained is fragmentary, however, 
because of limited outcrops, Between 
outcrops, where the basement is 
covered with sediments, it is possible 
to obtain data from drill holes, This 
information, although valuable, is 
limited, since in most cases the holes 
are widely spaced. Furthermore, as 
petroleum is rarely found in base¬ 
ment rocks, holes penetrating the 
basement more deeply than a few 
meters are normally found only in the 
vicinity of mineral deposits with 
economic potential. In the U.S. holes 
are rarely drilled into the basement 
solely to provide scientific informa¬ 
tion, because of the expense. 

The picture of the basement that 
emerges is not as complete as one 
would like, not only because of limit¬ 
ed drilling, but also because detailed 
mapping of the exposed portions re¬ 
mains incomplete, both in the U.S. 
and elsewhere. Moreover the base¬ 
ment is enormously complex. Igneous 
and metamorphic, extrusive and in¬ 
trusive, metasedimentary and me- 
taigneous rocks of all kinds appear in 
intricate deformational patterns and 
structures which seem bewildering at 
first. Indeed, the initial bewilderment 
of those who first studied them is re¬ 
sponsible for the term basement 
complex. 

The situation is not hopeless, how¬ 
ever, and with careful study, unra¬ 
veling of the deformational history of 
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a particular area is frequently possi¬ 
ble. Although almost all parts of the 
basement appear to have been 
subjected to orogenic, or mountain¬ 
building, forces at one time or an¬ 
other, the number of deforming 
events, or orogenies, that have af¬ 
fected any one segment of the crust 
seems usually to have been small, 
perhaps not more than three or four 
in the last 4 billion years, with long 
intervening periods of relative 
quiescence. In the mid-continental 
region of the U.S., for example, sedi¬ 
mentary rocks hundreds of millions of 
years old are relatively undeformed. 
Moreover, the most recent strong 
deformation of the basement there 
occurred well over a billion years 
ago. 

Let us now consider the basement 
from the perspective of geophysics, 
for which exploration at depth is the 
keynote. The contrast between 
modern conventional models of the 
deeper crust based on geophysical 
data, and the field geologist’s maps 
and cross sections of complex struc¬ 
ture is striking. They are, in fact, al¬ 
most incompatible. The crust is typ¬ 
ically portrayed by the geophysicist 
as composed of two or more layers 
that lie more or less flat and are dis¬ 
tinguished by their seismic velocity, 
density, conductivity, or some other 
parameter. Attempts to relate the 
geophysical parameters to geological 
ones are useful and informative in a 
general way, but are ineffective in 
relating the deep crust to the complex 
surface geology of particular regions, 
because the resolution of structural 
detail of the deep crust is not as fine 
as the resolution obtained from 
geologic mapping. 

Reflection studies of the 
basement 

Prior to 1975 some limited reflection 
studies of the basement had been 
undertaken in the U.S., and more 
extensive studies had been carried out 
elsewhere. Some of the first data were 
reported in the U.S. during the 1950s, 
as an interesting sidelight and by¬ 
product of petroleum prospecting in 
the overlying sediments (Junger 
1951). During the sixties and seven¬ 
ties, seismic reflection profiling was 
undertaken in several countries, in¬ 
cluding Canada, West Germany, 
Australia, and the Soviet Union, with 
the basement as the specific target 
(Robertson 1963; Liebscher 1964; 


Kanasewich et al. 1969; Gyorgy 1972; 
Moss and Dooley 1973; Sollogub et al. 
1973; Curaming and Chandra 1975; 
Dohr and Meissner 1975), These 
studies, which used explosives as 
seismic sources, were generally suc¬ 
cessful in obtaining information on 
the deep basement, although the 
lengths of the profiles were limited to 
less than 10-20 km in most cases. 

The first attempt to carry out seismic 
reflection profiling of the basement 
on a large scale and in a systematic 
way began in the U.S. in 1975 under 
a National Science Foundation 
project called COCORP (Consortium 
for Continental Reflection Profiling), 
in which scientists from industry, 
government, and academia partici¬ 
pate. Cornell University serves as the 
operating institution. Anyone can 
propose a site, and anyone can pur¬ 
chase data at a nominal charge. Some 
twelve sites, exhibiting a wide variety 
of geological phenomena, have been 
surveyed to date, Many other sites are 
either ready for surveying or have 
been proposed for future work. The 
long-range plans call for organization 
of these sites into several transconti¬ 
nental profiles. 

The routine field work for COCORP 
is carried out by geophysical con¬ 
tractors with experience in the pe¬ 
troleum industry, using equipment 
developed for oil-prospecting pur¬ 
poses, with some modification, and 
the VIBROSEIS (registered trade¬ 
mark of Conoco) technique. VI¬ 
BROSEIS sources are large truck- 
mounted vibrators which emit near- 
sinusoidal vibrations and are care¬ 
fully controlled so as to synchronize 
all elements of the source array and 
sweep through frequencies from 
about 8 to 40 cycles/sec over a 20- 
second duration. Subsequent com¬ 
puterprocessing reduces the data so 
that the source appears to have been 
an impulse. 

The surveys completed to date have 
produced a wide variety of results. 
Collectively, they have demonstrated 
beyond question the heterogeneity of 
the continental crust on a scale as 
small as a kilometer or so. Subsurface 
features, such as faults, folds, active 
magma bodies, cooled intrusions, 
laminated zones, and the top of the 
mantle, are revealed. Reports of in¬ 
dividual COCORP profiles are found 
in the scientific literature and cannot 
all be summarized here (see Oliver et 


al. 1976; Brewer et al. 1980; Brown et 
al. 1979; Cook et al. 1979, 1980; 
Smithson et al. 1979). Instead, I shall 
focus on a particular study of the 
southern Appalachians as an example 
not only of seismic profiling but also 
of the integration of geological and 
geophysical information to produce 
a new level of understanding of earth 
phenomena. The work was carried 
out by a group at Cornell led by 
graduate students Frederick Cook 
and Dennis Albaugh, and professors 
Sidney Kaufman, Larry Brown, and 
myself (see Cook et al. 1979). On the 
geological side, it draws heavily on the 
work of Robert Hatcher of Florida 
State University (Hatcher 1978). 

Southern Appalachian 
profile 

The Appalachians are the most 
prominent physiographic and geolo¬ 
gic feature of eastern North America, 
extending from Alabama and Georgia 
through New England into Canada, 
where they cross Newfoundland and 
reappear in the British Isles, Scan¬ 
dinavia, and other parts of Europe. 
The object of early geological explo¬ 
ration in the U.S., the Appalachians 
have been a continual source of geo¬ 
logical inspiration, discovery, and 
controversy. Nor do I expect contro¬ 
versy to cease as a result of the new 
seismic profiling data; I hope it will 
move ahead to new issues, however. 

Although there are many common 
features along the Appalachian trend, 
there are also important changes, so 
no single cross section can do justice 
to all of its features, I shall concen¬ 
trate here on a section across the 
Southern Appalachians (Fig. 2). From 
northwest to southeast, the principal 
physiographic features are as follows 
(see Fig. 3): the Appalachian (or 
Cumberland) Plateau, beneath which 
are flat-lying Paleozoic sediments 
that thicken toward the east; the 
Valley and Ridge Province, in which 
the Paleozoic sediments are thick, 
folded, and thrust-faulted to the west, 
as a result, at least partially, of the 
Alleghenian (or Appalachian) orog¬ 
eny near the end of the Paleozoic; the 
Blue Ridge Mountains, a picturesque 
area of impressive relief, composed 
largely of crystalline rocks of Pre- 
cambrian and Paleozoic age; the 
Piedmont, also a zone of Precambrian 
and Paleozoic crystalline rocks, but 
One which has been eroded to low 
relief; and the coastal plain, another 


678 American Scientist, Volume 68 


Figure 2. This map of the eastern United States 
shows the Precambrian and metamorphic belts 
(after Williams 1978), The western boundary 
of these outcrops is generally a thrust fault, 
such as the Great Smoky thrust. The COCORP 
seismic line9 are also indicated (from Cook et 
al. 1979). 


zone of little relief, which is underlain 
by younger, post-Paleozoic sedi¬ 
ments, which thicken to the east and 
extend to the continental shelf. In 
some areas of the Piedmont and 
coastal plain regions, down-dropped 
blocks are covered with land-formed, 
or terrigenous, sediments and basic 
igneous rocks of Triassic age. 

A long-standing controversy in Ap¬ 
palachian geology concerned the na¬ 
ture of the folding and faulting of the 
Valley and Ridge Province (Rodgers 
1970). Specifically, were the basement 
rocks underlying the sediments in¬ 
volved in the deformation (thick- 
skinned deformation), or did the 
sediments merely slide along some 
buried surface as they deformed 
(thin-skinned deformation)? In re¬ 
cent years the “thin-skinned” school 
has prevailed, at least in part because 
of the strong evidence that appeared 
when seismic reflection studies were 
carried out by the petroleum in¬ 
dustry. 

A second controversy concerned the 
concept of the geosyncline, a narrow 
trough-like feature with a thick ac¬ 
cumulation of sediment, which, to¬ 
gether with the basement, was 
thought to have been subsequently 
deformed severely in an orogeny that 
built mountain, ranges. This concept 
of the geosyncline, which is stated in 
oversimplified terms here, is implic¬ 
itly tied to the concept of stationary 
continents. 



When the theory of continental drift 
through the plate-tectonic mecha¬ 
nism became established in the late 

sixties, the characteristics of the important question that I shall ad- where), having been thrust westward 
geosyncline could be understood dress here. oyer the sediments, others thought 

better in terms of the Wilson cycle— that they were autochthonous 

i.e. the opening and closing of an Critical to the story of the Appala- (formed in place) and that they rep- 

ocean basin, terminating in conti- chians is the boundary between the resented a simple uplift of the base- 

nental collision. Although the prin- crystalline rocks of the Blue Ridge ment, More recently, the theory of 
ciple of the Wilson cycle seems firmly and Piedmont, and the Paleozoic overthrusting on a limited scale, with 
established, the details of what takes sedimentary rocks of the Valley and the thrust rooting (steepening rap- 
place on a regional basis as an ocean Ridge Province. Although some of the idly) in the vicinity of the Brevard 

closes and continents collide are not. first geologists to study the area con- Zone to the east of the Blue Ridge 

The phenomenon is widespread and eluded that the Blue Ridge rocks were Province, had become accepted by 
has occurred repeatedly, and it is this allochthonous (moved from else- many geologists. 
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Thrusting of a few tens of kilome¬ 
ters—perhaps even a hundred—was 
thought to have occurred; thrusting 
of this scale is indicated on the Wil¬ 
liams map of 1978, for example 
(Williams 1978). A few geologists, 
notably Hatcher, held that the root is 
still farther east, perhaps in the 
King’s Mountain Belt, which implied 
thrusting with a displacement of 
about 200 km. A short seismic survey 
across the Brevard Zone in North 
Carolina by Clark et al. (1978) sup¬ 
ported the hypothesis of large-scale 
thrusting. 

The COCORP data (Cook etal 1979) 
also support the more extensive ov¬ 
erthrusting favored by Hatcher, ex¬ 
cept that the root of the thrust (if in¬ 
deed there is a root) appears to be 
even farther east than Hatcher 
thought, perhaps beneath the coastal 
plain or continental margin. Thus the 
Blue Ridge rocks appear to have been 
displaced at least 250 km relative to 
the underlying sediments and possi¬ 
bly much more. A thin sheet of crys¬ 
talline rocks has been pushed up onto 
a former continental margin in a se¬ 
ries of episodes. 


Figure 3 shows a map of the CO¬ 
CORP seismic lines. The data for the 
long NW-SE line transverse to the 
Appalachian trend are sketched in 
Figure 4, Considerable detail is ap¬ 
parent, but one major feature stands 
out. Beginning at the northwest end 
of the line, seismic reflectors associ¬ 
ated with the lower portion of the 
column of Paleozoic sediments in the 
Valley and Ridge Province can be 
seen. These reflectors, and by infer¬ 
ence the sediments, can be traced 
continuously, with only minor modi¬ 
fication, over the entire length of the 


Figure 4, The COCORP seismic data for line 1 
in Fig. 3 are plotted in relation to the promi¬ 
nent features traversed. Beginning at the 
northwest end of the line, reflectors associated 
with the lo wer portion of the column of Paleo¬ 
zoic sediments in the Valley and Ridge Prov¬ 
ince are visible. These reflectors can be traced 
almost continuously over the entire length of 
the profile, which implies that the associated 
sediments reach almost to the coastal plain, 
underlying the old crystalline rocks of the Blue 
Ridge and Piedmont regions. (Courtesy F. 
Cook.) 


Figure 3. The main geologic features traversed 
by the COCORP seismic lines in the southern 
Appalachians are shown here. The long 
NW-SE line, in which there are several gaps, is 
transverse to the Appalachian trend, whereas 
the short cross lines are parallel to it. (From 
Cook etal. 1979.) 


line, almost to the coastal plain, which 
shows that underlying the old crys¬ 
talline rocks of the Blue Ridge and 
Piedmont regions are younger Pale¬ 
ozoic sediments and that the older 
rocks must have moved laterally into 
their present position. 

There is further evidence in the seis¬ 
mic data. In general, the underlying 
sediments thicken to the east, owing 
perhaps to uneven deposition, in a 
manner characteristic of a continental 
margin. Their structure also becomes 
somewhat complex at the eastern end 
of the line, maybe in response to 
thrusting. In fact, it is surprising to 
find the sedimentary layers so un¬ 
disturbed following this spectacular 
overthrusting. Some normal faults 
evident in part of the section are 
thought to have preceded deposition 
of most of the sediments. 

Evidence on the nature of the Bre¬ 
vard Zone can be found in the thin 
crystalline sheet overlying the sedi¬ 
ments. A reflector dips steeply near 
the surface and flattens into the 
major thrust farther down. Thus the 
Brevard fault (as well as several other 
smaller, but similar, features) is a 
splay off the main thrust. Hatcher, in 
fact, pointed out that blocks of car¬ 
bonate rock found at the surface in 
the Brevard Zone have probably been 
brought up from the underlying early 
Paleozoic sediments. 


Near the southeast end of the line, 
some deep reflectors are seen beneath 
the buried sediments. Why there are 
more there than in the central portion 
of the profile is not known. One set 
dips to the northwest; another, at a 
depth of about 10 sec, probably cor¬ 
responds to the Mohorovicic discon¬ 
tinuity—the seismic discontinuity 
typically situated ~35—45 km below 
the continents and ~10 km below the 
oceans, which separates the mantle 
from the earth’s crust. Models of 
continental collision can be developed 
in which key elements are associated 
with some of these reflectors. The 
evidence is tenuous, however, and for 
now it seems best to wait for more 
data from seismic profiling to the 
southeast rather than speculate fur¬ 
ther. That work is currently un¬ 
derway. 

Southern Appalachian 
model 

The model that evolves from the 
geologic evidence, the deductions of 
Hatcher (1978), and the seismic data 
of Cook et al. (1979) is the following 
(see Fig. 5). Late in the Precambrian 
era (see Fig. 5,800-700 million years 
ago), the proto-Atlantic Ocean 
opened and spread, and Africa moved 
away from North America. One or 
more microcontinents of some 
form—islands or peninsulas—also 
split off, but remained fairly close to 
North America. As the ocean con¬ 
tracted in the Paleozoic, the marginal 
basin separating the microconti- 
nent(s) from North America also 
closed (see Fig. 5,600-500 mya). In 
the Taconic orogeny in the Middle 
Ordovician (see Fig. 5,500-400 mya), 
part of the basin floor and the upper 
part of the crust of the microconti¬ 
nent were thrust onto the continental 
margin. The block above the thrust 
fault—that is, the thrust sheet- 


depressed the continental litho¬ 
sphere, and siliceous sediments from 
the thrust sheet began to fill the de¬ 
pression from the east, overlaying the 
earlier Cambrian and Ordovician 
sediments that came from the west. 

During the Acadian orogeny in the 
Devonian (see Fig. 5,400-350 mya), 
the island arc that had formed to the 
east of the microcontinent collided 
with and joined the thrust sheet, 
thereby moving it still farther to the 
west. In the course of the Alleghenian 
orogeny in the late Carboniferous and 
Permian periods, the proto-Atlantic 
Ocean closed completely, and Africa 
collided with North America, thereby 
moving the thrust sheet still farther 
over the former continental margin 
and onto the continent (see Fig. 5, 
present). At the same time, the 
younger Paleozoic sediments west of 
the thrust sheet were folded and 
faulted into their present configura¬ 
tion in the Valley and Ridge Province. 
Finally, in the Mesozoic, the present 
Atlantic Ocean began to form, and 
the modem continental margin began 
to take shape (see Fig. 5, present). A 
piece of Africa may have been left 
behind as that continent moved away 
from North America. 

Overall, this simple model is consis¬ 
tent with the geological and geo¬ 
physical data on the southern Appa¬ 
lachians. Yet, in a fashion typical of 
science, it raises many important 
questions. For example, to what ex¬ 
tent can this model be adapted to the 
entire Appalachian chain?. Can 
modification of the model account for 
changes along the trend? Data on the 
third dimension may once again be 
critical here, and COCORP is cur¬ 
rently planning a seismic line from 
the central Adirondacks across the 
Green Mountains of Vermont toward 
the Boston area. 


What of the economic potential of the 
Paleozoic sediments beneath the 
thrust sheet? Elsewhere in the Ap¬ 
palachians, sediments of this kind 
have produced petroleum. Oil may be 
precluded in this case by depth and 
metamorphism, although in sedi¬ 
ments visible through the sheet and 
in samples from the Brevard Zone the 
level of metamorphism does not seem 
unreasonably high. The possibility of 
discovering gas under some parts of 
the thrust sheet might be worthy of 
consideration, however, The thrust 
sheet along the COCORP profile is so 
thick that drilling would be expen¬ 
sive, but elsewhere the sheet may be 
thinner and more easily penetrable. 

The configuration of the major thrust 
plane to the east of the seismic line is 
a critical consideration. A still more 
difficult problem has to do with the 
disposition of the portion of the crust 
and mantle that once lay below the 
continental material of the thrust 
sheet. Although the thickness of the 
continental crust is typically 35-45 
km, the thickness of the thrust sheet 
is now only 5-15 km and may not 
have been much more than this prior 
to erosion, Thus, half the crust seems 
to have disappeared. Where has it 
gone? One can speculate, but new 
observations are needed if the ques¬ 
tion is to be answered satisfactorily. 

There is also the question of the rel¬ 
evance of this model of the Appala¬ 
chians to other orogenic belts. There 
are many possibilities, and indeed, 
similar models have already, been 
proposed for other areas. The Appa¬ 
lachians may be similar to, in fact an 
extension of, the buried Ouachitas to 
the southwest. The western cordil¬ 
lera, in parts of the U.S. and Canada, 
bears a striking similarity to the Ap¬ 
palachians. Thin thrust sheets have 
been reported in the Norwegian 



680 American Scientist, Volume 68 




800-700 million years ago 

North America marginal sea continental fragment proto-Atlantic Ocean 



Figure 5. This tectonic model (from Cook et ai, 
1979), based on the geological results of 
Hatcher (1978) and the seismic data of CO- 
CORP, shows the spreading and subsequent 
closing of the proto-Atlantic Ocean, the con¬ 
tinental fragment between North America and 
Africa, and the volcanic island arc to the east. 
A series of collisions resulted in the over- 
thrusting of parts of the continent al margin of 
North America. 



500-400 million years ago 




400-350 million years ago 


proto-Atlantic Ocean 


Present 


Africa 


plication of seismic reflection profil¬ 
ing seems likely to provide important 
new information. 

The emphasis on exploration of the 
continental basement is especially 
timely. Indeed, the deep continental 
crust, partly because'of accidents of 
history, may very well constitute the 
major frontier of modern geology. In 
the post-World War II era, the 
world’s ocean basins were the major 
frontier, and their exploration waste 
lead to the concept of plate tectonics, 
Today the proper focus may be the 
continental crust. Given the great 
extent of the basement and the inti¬ 
mate relationship between the deeper 
rocks and the surface geology that is 
so much better known, it seems al¬ 
most certain that once the basement 
is better understood, advances of the 
scope and importance of plate tec¬ 
tonics will be made. International 
recognition of this potential is now 
apparent in a recommendation that 
the continental crust be a focus of 
major attention in a multinational j 
earth science effort in the 1980s. j 


Valley and Ridge 

Province Atlantic Ocean 



Caledonides, the Alps, the Carpa- nental collision and revealing of the 
thians, and the Himalayas, among dynamics of that important process? 
others. Similar occurrences have been The answers to some of these fasci- 
suggested for still earlier stages of the nating questions will surely be found 
earth’s history. To what extent are as knowledge of the third spatial di- 
these thin sheets typical of conti- mension increases, and further ap- 


j References 

Brewer, J.,S. Smithson, J. Oliver, S. Kaufman, 
and L. Brown. 1980. The Larainide Orogeny 
Evidence from COCORP deep crustal seis¬ 
mic profiles in the Wind River Mountains, 
Wyoming. Tedonophysics 62:105 89. 

Brown, L, D., P. Krumhansl, C. Chapin, A 
Sanford, F, Cook, S. Kaufman, and .1. Oliver. 
1979. COCORP seismic reflection studiescf 
the Rio Grande Rift. In Rio Grande Itifl: 
Tectonics and Magmatism, ed. R. R 
Reicker, pp. 169-84. Washington, D.C.: 
American Geophysical Union. 

Clark, H., J, Costain, and L, Glover. 1918. 
Structure and seismic reflection studies on 
the Brevard zone ductile deformation vnne 
near Rosman, North Carolina. Am. >/. Sd 
278:419-41. 

Cook, F. A., D. Albaugh, L. Brown, S. Kauf¬ 
man, J. Oliver, and R. Hatcher, 1979. Thin- 
skinned tectonics in the crystallincatmlhern: 
Appalachians. Geology 7:563-67. 


-1980. The Brevard Fault: A subsidiary 

splay of the main sole thrust in the southern 
Appalachians. In Proceedings "The Cale¬ 
donides in the USA", 1GCPProject §27, ed. 
David R. Wones, pp. 206-13, Blacksburg, 
VA: Dept, of Geological Sciences, Poly¬ 
technic Institute and State University. 


Hatcher, R. D., Jr. 1978, Tectonics of the 
western Piedmont and Blue Ridge, southern 
Appalachians: Review and speculation. Am. 
J. Sd 278:276-304. 

Junger, A, 1951. Deep basement reflections in 
Big Horn County, Montana. Geophysics 
16:499-505. 


Oliver, J., M. Dobrin, S. Kaufman, R. Meyer, 
and R. Phinney. 1976. Continuous reflection 
profiling of the deep basement, Hardeman 
County, Texas. Geol. Soc. Am. Bull. 87: 
1537-46. 

Robertson, G. 1963, Intrabasement reflections 
in southwestern Alberta. Geophysics 28: 


Camming, G. L., and N. N. Chandra. 1975, 
Further studies of reflections from the deep 
crust in southern Alberta. Canadian J 
Earth Sci. 12:539-57. 

Dohr, G., and R. Meissner. 1975. Deep crustal 
reflections in Europe. Geophysics 40:25- 
39. 

Gyorgy, S., ed., English trans. 1972. The crustal 
structure of central and southeastern Europe 
based on the results of explosion seismology. 
Elgi Geophys. Trans., Spe. Edition (Crustal 
Mon.), Hungarian Geophys, Inst., Budapest. 
V. B. Sollogub, D. Prosen, and H. Militzer, 
cds. of original Russian text, 


Kanasewich, E. R., R. M. Clowes, and C, H, 
McCloughan. 1969, A buried Precambrian 
rift in western Canada. Tectonophysics 8: 
513-27. 

Liebscher, H. J. 1964, Deutungsverche fur die 
Struktur de tieferen Erdkruste nach reflex- 
ionsseismischen und gravimetrischen Mes- 
sungen im deutschen Alpenvorland. 
Zeitschr. Geophysik 30:51-125, 

Moss, F. J., and J. C. Dooley, 1973. Deep crustal 
and upper mantle reflection studies in Aus¬ 
tralia. Abstract of paper read at the annual 
international meeting of the Society of Ex¬ 
ploration Geophysicists, No. 43,32-33. 


910-15. 

Rodgers, J. 1970, The Tectonics of the Appa¬ 
lachians. New York: Wiley-Interscience. 

Smithson, S., J, Brewer, S. Kaufman, J, Oliver, 
and C. Hurich, 1979. Structure of the Lar- 
amide Wind River uplift, Wyoming, from 
COCORP deep reflection data and gravity 
data. J. Geophys. Res. 84:5955-72. 

Sollogub, V, B., D, Prosen, and co-workers. 
1973. Crustal structure of central and 
southeastern Europe by data of explosion 
seismology. Tectonophysics 20:1-33. 

Williams, H. 1978. Tectonic Lithofacies Map 
of the Appalachian Orogen. Memorial 
University of Newfoundland. 



682 American Scientist. Volume 68 






The opinions expressed by reviewers 
are their own and do not represent 
the views of the editors or of Sigma 
Xi, The Scientific Research Society. 
Reviews have been grouped under 
broad headings, with the reader’s 
convenience in mind. Some books 
could appropriately be included in 
more than one category, and the ed¬ 
itors suggest that the reader consult 
the Review Index, on page 715, for 
interdisciplinary titles. . 


Environmental 
Geochemistry and Health 

A Royal Society Discussion, 

S, H, U. Bowie and J. S. Webb, eds. 

216 pp, London: The Royal Society, 

1980. £22,55. 

Publication of this handsomely pro¬ 
duced and illustrated quarto volume is a 
new and encouraging landmark in the 
painfully slow progress of the attempt to 
persuade scientists from a multitude Of 
specialties to join forces in the study of the 
effects of trace elements on the health of 
naan, animals, and plants. The report of 
this symposium, held in 1978, follows ac¬ 
counts of those held in 1963 (published in 
1967), 1968 (published in 1971), 1970 
(published in 1972), and 1971 (published 
in 1972), all in the United States; the 
proceedings of the annual conference on 
trace substances in environmental health 
held at the University of Missouri since 
1967; and the publication by the National 
Academy of Sciences of their workshop 
conferences in 1972,1973, and 1974. Al¬ 
though all these activities enlisted the 
efforts of many scientists from outside the 
United States, and many from abroad 
have joined the Society for Environmen¬ 
tal Health and Geochemistry, founded in 
1972, this book reports on the first major 
symposium on the subject held abroad. 

The volume contains seventeen papers, 
including reviews of trace elements in soils 
and crops, in waters, in the atmosphere, 
in animals, and in man; their effects on 
health and ecology; their relation to car¬ 
diovascular disease; and specifically, the 
effects of lead on human health, Such re¬ 
views are extraordinarily difficult to write; 
the author is obliged to review in 10-20 
printed pages a large body of data from 
many disciplines, with many of the data 
subject to widely different conclusions, 
and to provide an account intelligible to 
persons with very different backgrounds. 
The authors of this volume have been re¬ 
markably successful in this task, and the 
book is the best yet published in this field. 
Disciplines represented by the authors 
include geochemistry, animal nutrition, 
soil science, hydrology, atmospheric 
science, medicine, geology, epidemiology, 
botany, and chemical engineering. The 


The Scientists’ 



papers are well written and thoroughly 
referenced, so that the reader can inquire 
further into a particular subject. Of par¬ 
ticular interest to me were the three re¬ 
ports on methods of regional geochemical 
mapping, one on epidemiology and geo¬ 
chemistry, and one on trace elements in 
man. 

The consensus of the authors has been 
well stated, I think, by the following re¬ 
marks, from papers by a geologist, H A. 
Tourtelot, and by an epidemiologist, A. G. 
Shaper, respectively; 

“In the future, it seems likely that 
geochemical surveys in relation to health 
will be planned and undertaken jointly so 
that maximum congruency of the geo¬ 
chemical and health data can be obtained. 
This seems the most probable way in 
which more comprehensive hypotheses 
can be formulated for testing.” 

“If the geochemist is to make a major 
contribution to the understanding of 
health and disease, he must be involved in 
the analytic studies of epidemiology and 
must play a role in their design and exe¬ 
cution. The epidemiologist will welcome 
such interest and expertise and perhaps 
together they may solve some of the major 
mysteries surrounding cardiovascular 
disease and cancer.” 


It is to be hoped that this volume will be 
widely read and will help to speed such 
collaborative efforts the world over— 
Michael Fleischer, Geochemistry, 
Smithsonian Institution 


Clouds and Storms 

The Behavior and Effect of Water in 

the Atmosphere. P, H. Ludlam. 495 

pp, Pennsylvania State University 

Press, 1980. $57.50. 

This remarkable book is, in large part, 
the total product of Ludlam’s life, a life 
devoted to the study of our atmosphere. 
It is also a scholarly contribution to me¬ 
teorology and contains much of the in¬ 
sight that reportedly informed his lec¬ 
tures. Though monumental, it is actually 
a shortened version: discussion of histor¬ 
ical development has been eliminated, 
citations are restricted primarily to recent 
literature, and few names are mentioned. 
The result is still a large volume, with 
double columns, numerous photographic 
plates, and appendixes to support a de¬ 
tailed discussion of clouds and storms. 
Some of the figures have extensive cap¬ 
tions that greatly enhance understanding 
(Fig. 8.55, for example, has a 450-word 
explanation of the growth of hailstones 
under idealized conditions). The text is a 
unique synthesis of synoptic and dynamic 
meteorology with cloud physics through 
all scales of motion. 

Ludlam’s uncanny ability to synthesize, 
apparent throughout the book, is dem¬ 
onstrated in Chapter 2, on the physical 
properties of the moist atmosphere and its 
particles. Most authors would be content 
to include a form of the standard discus¬ 
sions on the equation of state, saturation, 
humidity, virtual temperature, and a few 
brief comments on the properties of at¬ 
mospheric particles. Ludlam does more: 
the chapter continues with a discussion of 
atmospheric refraction and the scattering 
of radiation in the atmosphere, which in¬ 
cludes among other topics the theory of 
scattering, atmospheric extinction, and 
the use of radar, including a section on 
Doppler radar. In addition, discussionsof 
optical phenomena cover corona, irides¬ 
cence, rainbows, and haloes. The chapter 
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concludes with appendixes on the paths to be a sourcebook for the archaeologist- resulted from this approach. Unchal- 

of rays through stratified atmospheres, chemist; to be a classroom text it would lenged examples in the literature include 

the scattering of starlight by turbulent have to cover fewer subjects in more an elaborate classification of European 

layers, and 76 references for further depth glazed ceramics on the basis of XRF de¬ 

reading. And this is a representative The book is a somewhat eclectic col- terminations of lead content in the glazes, 
chapter covermg only 39 pages lection of topics from the area where Since the glazes are not “infinitely thick” 

The major chapter is undoubtedly the chemistry and archaeology intersect. I with respect to the x-radiation charac- 

one on cumulonimbus convection, which liked the first section, which introduces teristic of lead, the results actually vary 

has 12 subsections and 16 appendixes, the average “innumerate” to atoms, with glaze thickness, not lead content. In 

(Each of the 130 pages incidentally, molecules, units, and analytical tech- another case, a model for pottery trade in 

contains about 1,000 words if no figures niques. A section on materials and tech- Belize was based on trace element pat- 

appear, which makes this chapter almost nologies follows, with examples of how terns in potsherds measured by neutron 

a book in itself.) Ludlam's impact on the they have been studied through chemis- activation. Samples of these heterogene- 

development of science is illustrated by try. These two sections form the core of ous objects were taken by drilling making 

his discussion here of the accretion the book (11 of 23 chapters) and contain the results a function of drill position 

equation for raindrop and hail growth. In a great deal of useful information, but These examples are not mentioned in the 

1951, Ludlam published a major paper on could have been better integrated, book, but others of equal incompetence 

the growth of raindrops in clouds, based Throwaway examples of chemical appli- are-without criticism, 

on his solutions to the accretion equation, cations mentioned in the first section are It is a standard feature of interdisci- 

His research has been cited extensively in not always picked up in the second. Other plinary research that bad mistakes are 

graduate and undergraduate texts over useful chapters describe the authentica- made in the early stages through the ig- 

t-he past two decades. A significant ex- tion and conservation of antiquities, plus norance of the collaborating scientists 

tension of his original work is the basis of some tidbits on phosphorus in soils, about each others’research fields. Goffer’s 

his discussion in this chapter on particle paleotemperatures, and the like. contribution will go some distance toward 

growth. The chapters on decay and corrosion of dispelling the ignorance of archaeologists 

Clouds and Storms is the closest thing materials and such orphan items as ob- about chemistry. The obverse is also 

to bringing a good teacher into your study sidian hydration and fission track dating necessary, however. A new generation of 

that I have seen in many years. Ludlam’s are out of place and could have been archaeologist-chemists is now emerging 

research and teaching have clearly af- eliminated, as could 14 C and K/Ar dating, and in due course, no doubt, one of them 

fected the education of most students which have been better described else- will write the book I would like to see.— 

passing through atmospheric science where. In their place, an integrated sec- Nikolaas J. van der Merwe, Archaeology, 

programs. This final contribution will tion on the chemical analysis of nonarti- University of Cape Town 

indeed, in the words of one of his col- factual materials would have been wel- 

leagues, “remain a living memorial to him come, starting with bone, shell, and soil 

for generations to come .”—Richard E. and working up to sites and environ- D J/v , 

Orville, Atmospheric Science, SUNY- ments. These are touched on here and Eed uiants ana White 

Albany there, but the book focuses on man-made Dwarfs 


Archaeological Chemistry 

A Sourcebook on the Applications of 
Chemistry to Archaeology. Zvi Goffer. 
Chemical Analysis, 55.376 pp. Wiley- 
Interscience, 1980. $24.95. 
Applications of physical and chemical 
methods of analysis to archaeological 
problems have been around since the 18th 
century, but their uses have increased 
geometrically since Willard F. Libby de¬ 
veloped 14 C dating. Archaeological dating 
has become a scientific field in itself and 
several books are available on the subject. 
The uses of physics in archaeology have 
also been explored extensively, while two 
different edited volumes of conference 


objects and Mediterranean civilizations, 
shortchanging the prehistorian. Whole 
areas of archaeological chemistry, like the 
use of 13 C/ 12 C ratio measurements in bone 
as diet tracers, are not mentioned. 

The book is well done as far as printing, 
paper, and binding are concerned, but 
appallingly edited. The text is littered 
with misprints (Stonehenge and Teoti- 
huacan are each misspelled two out of 
four tries) and editorial lapses (“For the 
isotope of carbon that has mass number 
14 and atomic number 6, the symbol is 
gC 12 ”). The line drawings were done 
freehand, not to my taste, and the letter¬ 
ing and shading are smudged through 
overreduction. The chapter-end refer¬ 
ences are in science journal shorthand 
without article titles, an unusual proce- 


Robert Jastrow. 275 pp. W. W. Nor¬ 
ton, 1979. $12.50. 

The best passages of this potpourri of 
Jastrow’s thoughts on the parallel devel¬ 
opment of man and his science and their 
place in the Universe are excellently 
written and provide fresh or freshly pre¬ 
sented insights. The presentation is 
spotty, however, and marked by occa¬ 
sional errors, omissions, and a flagging of 
style and enthusiasm, A curious irony is 
that the book has very little to do with the 
stars of the title—although their rele¬ 
vance to the theme is clear—and the dis¬ 
cussion of these subjects is particularly 
weak. 

In the early portions Jastrow discusses 
some of the basics of physics and sets the 


proceedings appeared in the 1970s enti- dure for a sourcebook. scale of the various components of the 

tied Archaeological Chemistry. Goffer’s Despite these flaws, the book is useful, Universe. He gives a very readable his- 
book should not be confused with either and I will probably prescribe it for stu- torical and physical account of Ruther- 

of these; it is an integrated “sourcebook on dents. My disappointment lies deeper, ford’s discovery of nuclear transmutation 

the applications of chemistry to ar- with the basic philosophy of the book, and of the debate between Darwin and 

chaeology,” the result of a course taught which is that archaeologists should be Rutherford over the age of the Earth, In 

by the author, a chemist, to archaeology educated about chemistry, not in it, and the same sections he promulgates the old 

students at the University of Tel Aviv. As that chemists will carry the ball for them, sophomoric analogy of an atom as a min- 

the first book of its kind, it must therefore There is no attempt here at developing a iature solar system. To ignore the vast 

also carry the responsibility of making a systematic approach to the inclusion of difference that quantum mechanical ef- 

statement about this field of research, I chemistry in archaeological research de- fects make on the atomic scale is most 

have read it from the viewpoint of an ar- signs or an evaluation of the costs and unfortunate in a treatise that purports to 

chaeologist who frequently uses chemistry payoffs on different levels of complexity teach the nature of the world as well as to 

and also as a teacher of analytical tech- of chemical analysis, Instead, analytical intrigue and entertain, 

niques to archaeology students. In trying chemistry is presented as a candy store for The book then passes to the evolution 
to address both these audiences the book archaeologists, without health warnings, of stars to make the basic point that the 

fails, in part. It is not encyclopedic enough Some undiagnosed tummyaches have heavy elements so necessary to life were 
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produced in the stars. Despite Jastrow’s 
good descriptions of this process in his 
successful textbook, the discussion here 
is less satisfactory. In attempting to sim¬ 
plify the process of red giant formation, he 
confuses core contraction with the si¬ 
multaneous envelope expansion, and he 
makes no attempt to explain the degen¬ 
eracy pressures necessary to account for 
the existence of white dwarfs. This expo¬ 
sition again gives short shrift to quantum 
processes and suggests that the author is 
not really interested in telling the story of 
the stars that bedeck the title. 

Jastrow then gets to the subjects closest 
to his heart, which he treats best of all— 
the evolution of the solar system and of 
man. His chapter on the significance of 
the moon for understanding the nature of 
the solar system redeems earlier short¬ 
comings, with an incisive and entertaining 
account of the earthbound debates and 
their resolution by the Apollo program. 
The discussion of the possibilities of life 
on Mars and Jupiter is also good, and he 
does a nice job with Io, but I think he de¬ 
prives himself of a good story by neglect¬ 
ing to point out that the vulcanism on Io 
was predicted while Voyager was en route 
to Jupiter, prior to rendezvous. 

The book finishes on a note that makes 
me uncomfortable. Jastrow apparently 
reads Ezekiel literally and believes we can 
expect extraterrestrial visitors soon. Even 
if we ignore the fact that such a statement 
is without basis (though not necessarily 
untrue), the author has foregone the op¬ 
portunity to discuss some of the inter¬ 
esting new ideas in this area. In particular, 
the notion that whole species, including 
Homo sapiens, may potentially diffuse 
throughout the galaxy is a topic of current 
interest. The idea of one extraterrestrial 
in a single vehicle spanning the galaxy 
may be irrelevant, Some have argued that 
this population diffusion should be so 
effective that the observation that we are 
not awash in little green men may mean 
we are truly alone. No one knows the res¬ 
olution of such issues, but in this book 
they do not get aired. 

The topic treated here is wide in scope 
and fascinating by nature. Although 
marred in places by omissions and errors 
(NGC 205 has heavy elements; clusters of 
galaxies aggregate into superclusters) the 
book gives an introduction to the unity of 
astronomy, physics, chemistry, and biol¬ 
ogy in telling the story of man in a manner 
easily accessible to the nonspecialist. It is 
fast paced and well written throughout 
and frequently excellent.— J. Craig 
Wheeler, Astronomy, University of 
Texas ' 

Darwinism and Human 
Affairs 

Richard D. Alexander, The Jessie and 

John Danz Lectures. 317 pp. Universi¬ 
ty of Washington Press, 1979. $14.95. 

This book follows in the tradition of 
biologists who bring their evolutionary 


perspective to bear on human behavior, It 
is another important contribution, dis¬ 
tinctive in that Alexander does not argue 
directly from animals to humans. Most of 
the book calls upon anthropological and 
other sources of human data. 

The first section, summarizing behav¬ 
ioral evolutionary theory, seems to be 
chiefly an attempt to dispute creationists 
and the like, but understanding it requires 
more biological training than such ad¬ 
versaries are apt to have. The middle 
portion deals with culture and nepotism. 
The author skillfully relates natural se¬ 
lection to plasticity and clarifies misun¬ 
derstandings surrounding genetic deter¬ 
minism. He depicts humans as a biological 
system little constrained by genes. His 
central theme, nonetheless, is that all so¬ 
cial behavior serves to improve inclusive 
fitness. The most persuasive illustration 
of how such nepotism can bring insight to 
human biology is his explanation of the 
asymmetrical dispensing of favorable 
treatment among kin, particularly be¬ 
tween cross-cousins and parallel-cousins 
in relation to confidence of genetic rela¬ 
tionship. 

The last section, on justice and law, is 
the most provocative: the origin of the 
nation-state lies in the balance of power, 
essentially war. Reducing within-group 
aggression by directing hostile behavior 
outside the group carries one back to Or¬ 
well’s 1984, Monogamy, with bilateral 
descent, is conducive to the creation of the 
nation-state because it weakens kin sys¬ 
tems. 

I doubt that anyone could write a book 
on human affairs without resorting 
heavily to intuition and to the opinions of 
others. Alexander has nonetheless tried 
to be scientific through the tight appli¬ 
cation of evolutionary logic. Accepting 
that as reasonable, there is still lots of 
room to differ. The tendency is, too often, 
to provide facile explanations without 
considering alternatives; concealed ovu¬ 
lation is an example. Conclusions from the 
literature are presented as though they 
were noncontroversial when that is not 
the case. 

Early on, Alexander notes that the 
comparative method is “our main source 
of information about the universe.” Per¬ 
haps, but the issue is not clear enough 
with respect to behavior to justify his 
disregard for experimentation, Predic¬ 
tions made are usually little more than 
brief descriptions of something already 
known or believed. The evidence is 
sometimes too weak to test the prediction 
or to argue a point, as in the frequent re¬ 
liance on adages. Alexander does not ac¬ 
knowledge that social scientists may de¬ 
rive different “facts” from the same 
findings. Social scientists will have to 
judge whether he has avoided data con¬ 
trary to his point of view, or whether he 
relies overly much on certain anthro¬ 
pologists, such as G. P. Murdock. 

In response to the criticism that evo¬ 
lutionary biologists assume adaptiveness 


of behavioral traits, the Tinbergen school 
started testing how behavior is adaptive, 
and that movement has prospered oflate, 
This book, however, seldom rises above 
the assumption of adaptiveness—testing 
is exclusively comparative. Furthermore, 
the sections on plasticity could be more 
powerful if Alexander were to incorporate 
modern models of learning into his 
thinking rather than relying on the clas¬ 
sical paradigm of conditioning. 

This book is bound to be controversial 
despite being almost puritanically sober, 
sympathetic to delicate social problems, 
and sincere in the attempt to find a better 
way. Like its predecessors it is challeng¬ 
ing, but unlike most of them it is not 
captivating. The prose is sometimes 
murky or convoluted, but on occasion it is 
worth quoting: “Why should biologists, 
social scientists, philosophers, and his¬ 
torians find it so difficult, or distasteful, 
to accept the idea that a new under¬ 
standing of the biological basis of our be¬ 
havior and our history can have liberating 
and socially positive effects on our 
lives ?”—George W. Barlow, Zoology, 
University of California, Berkeley 


Physical Sciences 

Monsters in the Sky. Paolo Maffei. 

Trans. Mirella and Riccardo Giacconi 

342 pp, MIT Press, 1980. $15. 

Paolo Maffei, a well-known Italian as¬ 
tronomer, writes unusually engaging 
prose. An informal style combined with 
fairly high expectations of his readers’ 
abilities made his Beyond the Moon a 
popular and rewarding account of modem 
astronomy. Monsters in the Sky is byway 
of a sequel; whereas in the first book he 
presented the orderly universe, in the 
second he concentrates on some of the 
unusual, unexpected, and unexplained 
things in astronomy. The result is a 
smorgasbord of items, each with its own 
flavor, unconnected and largely unrelated, 
held together only by the author’s en¬ 
thusiastic arrangement of them and by 
their mutual uniqueness. To understand 
fully the more technical aspects of the 
descriptions of comet physics, celestial 
mechanics, black holes, supernovae, 
Markarian galaxies, and such, the reader 
needs to have some basic astronomical 
knowledge and to have more than a 
passing interest in following complex and 
sometimes unresolved arguments. Armed 
with these tools, he or she is promised a 
rewarding experience—learning in detail 
the story of some of astronomy's most 
remarkable phenomena. 

Don’t let the title or the chapter head¬ 
ings (e.g. “Killer Monsters”) put you off; 
the text has very little of this frivolous 
melodrama. It is serious and interesting. 
If you beware of the many typographical, 
editorial, and translating errors (most of 
them are fairly obvious), you will enjoy 
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Because they don't clearly understand the difference between 
Term and Whole Life insurance... and that a Term policy can 
typically provide five to ten times as much immediate family 
protection for the same money! 

As shown in the table below, a first year net outlay of only 
$150 buys a $142,000 TIAA 20-Year Decreasing Term policy or 
a $97,000 5-Year Renewable Term policy, for a man aged 30 or a 
woman aged 35. The same outlay used to purchase a Whole 


Life policy would give their family only $13,000 of family pro¬ 
tection, 

If you're like most of your colleagues in education and 
research, your first priority is to give your family the most finan¬ 
cial security for the least amount of money—and that’s what 
TIAA Term isall about! Whatever your age, the difference in the 
level of protection available for just $150 is dramatic, as the 
table illustrates. 


Immediate Protection Available For $150 First Year Net Cost 


For a Man’ 
Aged 

For a Woman 
Aged 

20-Year Decreasing 
Term Plan 

5-Year Renewable 
Term Plan 

Whole 
Life Plan 

25 

30 

$206,000 

$112,000 

$16,000 

30 

35 

142,000 

97,000 

13,000 

35 

40 

88,000 

74,000 

10,000 

40 

45 

52,000 

48,000 

8,000 

45 

50 

31,000 

31,000 

7,000 


'Annual premium less cash dividend payable at the end of first 
policy year, based oh 1979 dividend scales. While not guaranteed, 
dividends have been paid every year since TIAA's founding in 1918. 


Why such big differences? With Term you pay only for protec¬ 
tion, while a Whole Life policy combines protection with a 
savings (cash value) element. Remember, the protection part, 
of life insurance is relatively inexpensive; it's when savings are 
included as well that a high outlay per $1,000 of coverage is 
required, 


Mail coupon or call collect 

Just. complete and mail the coupon at right, or call the TIAA Life 
Insurance Advisory Center (colled) 212-490-9000. If you wish, an 
Insurance Counselor will review your insurance needs with you and 
help you select the plan and amount that’s right for you, No obligation, 
of course. 

Eligibility to apply for a life insurance policy from Teachers Insur¬ 
ance'and Annuity Association is limited to employees of colleges, 
universities, private schools and certain other nonprofit educational or 
research institutions. The employee's spouse is also eligible, provided 
more than half of the combined earned income of husband and wife is 
from a qualifying institution. 


Established as a nonprofit 
service organization by the 
Carnegie Foundation for the 
Advancement of Teaching 


If you'd like to know more, ask us to send two highly 
informative articles reprinted from The New York Times and 
Business Week that discuss the choice between Term and 
Whole Life, We’ll gladly mail them, along with detailed personal 
information about TIAA policies for you. 


Life Insurance Advisory Center ; SP8( 

Teachers Insurance and Annuity Association 
.730 Third Avenue, New York, NY 10017 

Please send me tee reprinted articles contrasting Term and Wtiole Lift 
and personal illustrations of these TIAA policies: 


□ 5-Year Renewable Term 


Phone #s (optional) Home( ) 


Your nonprofit employer (college, umv, private school, research institution, etc )| 
If your spouse is also eligible under the rules given at left, please provide: I 
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this welcome addition to the advanced- 
level, popular astronomical literature. 
There is a good chapter-by-chapter bib¬ 
liography,— Paul Hodge, Astronomy, 
University of Washington 


White Dwarfs—Black Holes: An In¬ 
troduction to Relativistic Astrophysics. 
Roman Sexl and Hannelore Sexl. 
Trans. Patrick P. Weidhaas. 203 pp. 
Academic Press, 1979. $13.50. 
Translated from the 1975 German 
edition, this volume is a lively and read¬ 
able introduction to general relativity, 
relativistic stellar structure, pulsars, 
gravitational collapse, black holes, gravi¬ 
tational waves, and cosmology. The book 
nicely fills a gap between popular treat¬ 
ments and relativity or cosmology texts; 
by the same token, it will not serve as a 
substitute for these. The authors’ triumph 
is to keep the discussion consistently at 
the level of freshman physics and calculus, 
with a lot of good, sensible explanation 
and clear diagrams. The chapters are 
seeded with interesting discussion prob¬ 
lems (and some solutions are in the back). 
The photo-reproduced typewriter com¬ 
position is utilitarian, but the price is 
right !—William H. Press, Astronomy and 
Physics, Harvard University 


Decontamination and Decommis¬ 
sioning of Nuclear Facilities. Mari¬ 
lyn M. Osterhout, ed. Proc. Meeting, 
Sun Valley, ID, 1979.803 pp. Plenum, 
1980. $75. 

This book provides a needed overview 
of a field which, until recently, has been 
somewhat neglected. Since the volume is 
a compilation of papers from an American 
Nuclear Society topical meeting, the 
subjects receive somewhat fragmentary 
treatment. It is regrettable that the 
meeting did not include a rapporteur’s 
summary or the book a summary section. 
Even so, the well-written papers provide 
descriptions of most plans, operating ex¬ 
perience, and an analysis in the field, both 
foreign and domestic. 

Decontamination papers describe work 
ranging from laboratory experiments to 
cleaning of soils, Nuclear reactor decon¬ 
tamination is treated extensively for im¬ 
proved operation, but not for decommis¬ 
sioning and dismantling, 

In general, decommissioning of facili¬ 
ties is covered in depth, as is the replace¬ 
ment of reactor internals for further op¬ 
eration. Topics range from laboratory 
equipment and test reactors to plans for 
dismantling the Shippingport Station. 
Importantly, some papers noted that 
provisions for disassembly should be in¬ 
cluded in original design, although few 
details are given. Only brief reference is 
made to the removal and disposal of the 
Elk River Demonstration Reactor, per¬ 
haps the most significant decommis¬ 


sioning to date. This is regrettable since 
that experience would benefit readers; 
however, the omission is understandable 
since it had been previously reported. 

In summary, the papers describe a base 
of experience for safe and effective dis¬ 
posal of outmoded nuclear facilities. Cost 
projections are not as well defined but 
indicate that dismantling will be a small 
portion of the overall costs for large re¬ 
actors. There is a need for a well-orga¬ 
nized textbook-type treatise to cover the 
important subjects of decontamination 
and dismantling of nuclear facilities. 
Short of that, this book provides a com¬ 
prehensive and reliable reference source, 
I hope that it will stimulate additional 
work in the field.— D. B. Trauger, Nu¬ 
clear and Engineering Technologies, Oak 
Ridge National Laboratory 


General Relativity and Gravitation: 
One Hundred Years after the Birth of 
Albert Einstein. A. Held, ed. Vol. 1.598 
pp. Vol. 2.540 pp. Plenum, 1980. $49.75 
each. 

Active researchers wrote the 31 papers 
in these volumes, covering all aspects of 
general relativity from asymptotic struc¬ 
ture and the Cauchy problem to super¬ 
gravity and problems of quantization. For 
the most part, the articles are didactic 
works rather than either reports of origi¬ 
nal research or extensive annotated bib¬ 
liographies, which are so common in re¬ 
view volumes. 

The treatment of current areas of re¬ 
search is a bit lopsided. Asymptotic 
structure and quantization are discussed 
in great detail, but scant coverage is pro¬ 
vided for black holes, sources of gravita¬ 
tional waves, or astrophysical application 
of general relativity. 

This collection may be compared with 
General Relativity: An Einstein Cente¬ 
nary Survey (Cambridge University 
Press, 1979), edited by S. W. Hawking and 
W. Israel, one of the better of the many 
works that have appeared recently to 
celebrate the Einstein Centenary. Both 
are of generally high quality, but the 
Hawking-Israel work has, on the average, 
authors of greater renown and is intended 
for a more general audience. The Held 
volumes are more technical and may be of 
greater working value to the specialist; 
however, most of the articles are too de¬ 
tailed for the uninitiated, Although the 
work is not for the bookcase of every 
relativist, it deserves at least careful 
scrutiny in the library.—-iSieuen, Det- 
weiler, Physics, Yale University 


X-Ray Spectroscopy: An Introduction. 
B. K. Agarwal. Optical Sciences, 15.418 
pp. Springer-Verlag, 1979. $39,90. 

Some refreshing virtues are to be found 
in this volume, which is intended as a 
graduate text in x-ray spectroscopy. It 


starts with minimum requirements on the 
preparation of the student, develops such 
fundamental concepts as the invariance 
of charge and the measurement of an 
electric field in a moving reference frame, 
and then proceeds through thorough lec¬ 
ture notes in which all formulas are de¬ 
rived in great detail to completion. As a 
source for ready references to funda¬ 
mental derivations the book can be quite 
valuable. 

As a text, however, the book is pecu¬ 
liarly constructed; there are no student 
exercises, yet the 611 references suggest 
that it is somewhat more of a scholarly 
work than a text. The first three chapters 
have 177 references, of which only 25 are 
dated after 1960 (two references date from 
the 18th century). The modern work, e.g. 
ESCA, EXAFS, is discussed in later 
chapters, but because of space limitations 
and the number of topics that need de¬ 
scription the coverage is only cursory, and 
in many cases it is not up to date. For ex¬ 
ample, the synchrotron as a source of ra¬ 
diation is covered in one page, and Si(Li) 
detectors are called “photoconducting" 
with no indication that they are energy 
dispersive. The work therefore tends to be 
encyclopedic rather than exhaustive, and 
numerous auxiliary sources would be 
needed for a course taught from this book. 
On the positive side, the language is in¬ 
deed simple and unambiguous, and the 
concepts described can be easily under¬ 
stood by the nonspecialist.—She/dfon 
Datz, Chemistry, Oak Ridge National 
Laboratory 


Theory of Stellar Pulsation. John II 
Cox. Series in Astrophysics, 380 pp. 
Princeton University Press, 1980, $49 
cloth, $13.50 paper; 

A number of people working in stellar 
pulsation have eagerly awaited the ap¬ 
pearance of this book in the expectation 
that it would maintain the outstanding 
quality of Cox’s encyclopedic work on 
stellar structure and evolution. It does not 
live up to this expectation primarily for 
two reasons: there are far too many 
statements beginning “It can be shown 
that..and there is only a hint at cor¬ 
relation of the theory Cox outlines with 
actual features of pulsating stars. 

The first point decreases the utility of 
the book as a text. Sometimes the steps 
between the equations are easy, but far 
too often considerable mathematical ef¬ 
fort is involved. If the student makes the 
effort, it interrupts the flow of the argu¬ 
ment; if not, the resulting equations look 
like magic, bearing little relation to their 
predecessors. 

The second point shows a failure to 
take into account the leap in interest in 
pulsation theory and its new capability 
when R. F. Christy’s nonlinear calcula¬ 
tions first reproduced reasonably well the 
light and velocity curves of actual variable 
stars. Such nonlinear techniques, to which 
the author devotes five pages, have pro¬ 


duced many of pulsation theory’s most 
notable successes. Their failures are 
probably the most active areas of re¬ 
search. 

These criticisms should not eclipse the 
fact that the book has many excellent 
features. Notable among them are the 
discussions of the pulsation excitation 
mechanisms and of nonradial pulsation. 
The latter is a minefield of complicated 
\ terminology and mathematical com¬ 
plexity which Cox has traversed with 
great clarity. Anyone interested in this 
area of stellar pulsation should be thor¬ 
oughly familiar with this work .—Robert 
G. Deupree, Astronomy, Boston Uni¬ 
versity and Los Alamos Scientific Labo¬ 
ratory 


Spectroscopic Techniques for Organic 
Chemists. James W. Cooper. 376 pp. 
Wiley-Interscience, 1980. $19.95. 

This book is designed as a text to help 
beginning organic students learn modern 
spectroscopic techniques. As such, it 
succeeds admirably. The theory and 
practice of infrared, nuclear magnetic 
resonance, Fourier transform, ultraviolet, 
mass, and Raman spectroscopic tech¬ 
niques are succinctly described. The 
strengths of this book are many and in¬ 
clude excellent descriptions of Fourier 
transform spectroscopy and its applica¬ 
tion to carbon magnetic resonance, com¬ 
puter calculation of NMR spectra, and 
200 challenging (but not impossible) 
problems with detailed solutions, I am less 
certain about the relevance of the chapter 
on simple Hickel MO theory and do not 
believe that in a semester course in spec¬ 
troscopy one could do justice to this topic. 
Although the author has not included 
encyclopedic lists of special correlation 
data, each chapter is referenced with 
pertinent (and current) citations to the 
relevant literature. 

In summary, this book can be recom¬ 
mended as an excellent introduction to 
the use of spectroscopic techniques in 
organic chemistry,—Ronald R. Sauers, 
Chemistry, Rutgers University 

Atomic and Molecular Processes in 
Controlled Thermonuclear Fusion. 
M. R. C. McDowell and A. M. Feren- 
deci, eds. NATO Advanced Study In¬ 
stitutes, Series B: Physics, 53.493 pp. 
Plenum, 1980. $55. 

This book is a collection of 16 individ¬ 
ual contributions treating atomic pro¬ 
cesses in magnetic fusion (no mention of 
inertial confinement fusion is made). 
Overall, the book is a reasonably good 
representation of the subject and should 
be of specific interest to anyone involved 
in the field; some parts will be of general 
interest to more casual observers. Of 
course, with so many individual reports 
there are bound to be duplications and 
some weaknesses, but a good sample of 
experts is represented. 


Roughly, the book divides into three 
sections: (1) discussions of the ongoing 
processes in plasma, (2) lectures on the 
theory of specific atomic collision pro¬ 
cesses, and (3) reports on the status of 
experimental atomic collision physics 
studies and spectroscopy. The first sec¬ 
tion is of the most current interest, and 
the chapter by Harrison presents the best 
overall review of the atomic processes 
occurring in the plasma. The middle sec¬ 
tion on collision theory will be less inter¬ 
esting to many casual observers, while 
experts in the field are likely to have their 
own preferred source for much of the in¬ 
formation. Parts of this section on theory 
are not particularly relevant to fusion, 
although there are exceptions—for ex¬ 
ample, the brief chapter on electron im¬ 
pact ionization of ions by Robb. The final 
third of the book, on experimental colli¬ 
sion studies and spectroscopy, while suf¬ 
fering from some deficiencies, does give a 
passable report on the status of fusion- 
related atomic physics, This collection of 
lectures is reasonably well focused on a 
subject of current interest which is likely 
to be with us for a few years ,—David H. 
Crandall, Physics, Oak Ridge National 
Laboratory 

Theory of Meson Interactions with 

Nuclei. Judah M. Eisenberg and 

Daniel S. Koltun. 403 pp. Wiley, 1980. 

$39.95. 

With the availability of new experi¬ 
mental information from accelerators in 
Los Alamos, Vancouver, and Zurich, there 
has been a resurgence of interest in the 
interactions between mesons and nuclei. 
This book is therefore timely and should 
prove useful in the pedagogical and review 
literature, While the recently published 
Mesons in Nuclei (edited by Rho and 
Wilkinson) is concerned with the effects 
of virtual mesons on nuclear properties, 
Eisenberg and Koltun’s book deals with 
collisions between real mesons and 
nuclei. 

Because of this, they devote most of the 
book to the theory of scattering, The exact 
theory is intractable except in the sim¬ 
plest cases, and a variety of approxima¬ 
tions are in common use, The book does 
an excellent job of deriving the compu¬ 
table theories, such as Glauber theory and 
the optical model, and showing their re¬ 
lationship. Fundamental formulas, such 
as the optical theorem, are clearly dis¬ 
played with unambiguous notation. Un¬ 
fortunately, scattering theory is not broad 
enough to encompass the absorption and 
emission of mesons. Relativistic Green’s 
function theory is the most natural for¬ 
malism for treating these processes and 
their effects. The authors recognize this 
in a later chapter, in which they rederive 
the scattering from an augmented theory. 
However, they lack a perspective on the 
application of Green’s functions to the 
more subtle many-body effects. 

The book is comprehensive in provid¬ 


ing some attention to practically all the 
topics that arise in mesonic nuclear 
physics, with appropriate references. As 
is always the danger with a timely book, 
many of the references are becoming 
outdated. The main strength of the book 
is as an exposition and reference on scat¬ 
tering theory .—George F. Bertsch, 
Physics and Cyclotron Laboratory, 
Michigan State University 


Principles of Instrumental Analysis, 

2nd ed. Douglas A. Skoog and Donald 

M. West. Golden Sunburst Series. 769 

pp. Saunders College/HRW, 1980. 

$25.95. 

This second edition of Skoog and 
West’s Principles of Instrumental 
Analysis is a great improvement over the 
first. It consists of 26 chapters and two 
appendixes, one on error propagation and 
the other a list of standard and formal 
potentials, In their efforts to modernize 
the text, the authors have included two 
new introductory chapters covering 
electrical principles, elementary elec¬ 
tronics, and computer interfacing. The 
treatment of this material is brief but 
adequate enough to provide a good 
background for electronic material cov¬ 
ered in later chapters. A valuable intro¬ 
ductory chapter on electromagnetic 
theory is followed by discussions of optical 
components of instrumentation and ab¬ 
sorption spectroscopy. Typical of the 
modernization of this text is the brief 
section on multichannel detectors such as 
vidicon tubes and diode arrays and their 
use in instrumentation for optical spec¬ 
troscopy. Other spectroscopic methods 
are discussed, including good introduc¬ 
tions to Fourier transform infrared spec¬ 
troscopy and Fourier transform nuclear 
magnetic resonance. Particularly note¬ 
worthy is the coverage of electroanalytical 
methods and chromatographic tech¬ 
niques. 

In summary, considering the large 
volume of material covered in this text, dll 
topics were treated adequately, The se¬ 
lection of new material was well balanced 
with continued coverage of standard an¬ 
alytical methods, The use of this text 
should provide an excellent foundation 
for those interested in the basic operation 
of analytical instrumentation .—Isiah M. 
Warner, Chemistry, Texas A&M Uni¬ 
versity 


Chemistry for the Health Professions. 

Charles H. Henrickson and Larry C. 

Byrd. 799 pp. D. Van Nostrand, 1980, 

$21,95. 

This book is an ambitious undertaking 
designed to introduce students with little 
or no Science background to the basic 
principles of general chemistry, organic 
chemistry, and biological chemistry. By 
virtue of the breadth of material covered, 
the hefty book is packed with informa- 
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tion. The authors have been successful in 
presenting this material in a clear, concise 
manner, with each presentation following 
logically from the one preceding it. There 
are an adequate number of “check tests” 
and problems at the end of each chapter 
to allow the student to monitor his prog¬ 
ress independently. They appear designed 
to test the specific objectives outlined in 
the chapter introduction. I was pleased to 
see a reasonable number of problems re¬ 
quiring quantitative answers among those 
requiring qualitative answers, Each seg¬ 
ment of the book introduces in a simple 
manner the vocabulary required, then 
proceeds to explain the science underlying 
the topics presented. The authors’ con¬ 
tention that the book “teaches” rather 
than “presents” science rings true, as¬ 
suming that the student will avail himself 
of all the tutorial aids provided, 

Persons teaching science for health 
professionals and others needing only a 
basic grasp of these fields should seriously 
consider this presentation.— Eugene M. 
Gregory, Biochemistry and Nutrition, 
Virginia Polytechnic Institute and State 
University 

Electron and Magnetization Densities 
in Molecules and Crystals. P, Becker, 
ed. NATO Advanced Study Institutes, 
Series B: Physics, 48.904 pp. Plenum, 
1980. $75. 

This volume consists of nearly forty 
lectures, plus problem sets with solutions, 
presented at a 1978 NATO conference. It 
is divided into five parts, whose headings 
roughly delineate the territory actually 
covered; fundamental concepts and 
theory, diffraction physics and experi¬ 
mental problems, analysis of experimen¬ 
tal densities, related techniques (i.e, 
Compton scattering, high-energy electron 
scattering, and magnetic resonance), and 
“going to the real world” (i.e. applications 
of charge- and spin-density information 
to predictions of physical and chemical 
characteristics of molecules and solids), 
As the editor notes in the Preface, the 
disposition of lectures under one or an¬ 
other of these headings was, in a number 
of instances, a bit arbitrary. 

The centerpiece of the first part is an 
elegant and informative lecture by N. 
March on charge and spin densities in 
solids. Also in this section, perhaps less 
appropriately, is Hirshfeld’s “An Elec¬ 
trostatic Description of Chemical Bind¬ 
ing,” which illustrates quite clearly the 
pitfalls inherent in the traditional chem¬ 
ical characterizations of molecules in 
terms of localized charge distributions, 
For me, the highlights of Part 2 are 
Becker’s two lectures on diffraction by 
real crystals, which succeed in giving a 
nice overview of the physical processes 
(thermal smearing and extinction, for 
example) that complicate the extraction 
of crystal structure factors from experi¬ 
ments. Likewise, in the third part, I found 
Becker’s “Analysis and Partitioning of 


Electronic Densities” a helpful skeleton 
key to the many schemes for apportioning 
charge in a localized way among the ionic 
or atomic constituents of molecules and 
solids. In Part 4,1 can particularly rec¬ 
ommend Bonham’s lecture on electron 
scattering as a balanced, critical account 
of this tool. Were it not for the mangled 
English in which it is written (I would 
have preferred a version in the author’s 
native French), Daudel’s “Electronic 
Densities in Molecules, Chemical Bonds, 
and Chemical Reactions” (Part 5) would 
be quite a nice introduction to the role of 
charge distributions in chemical reactions. 
As it stands, one can still pick up some 
interesting ideas by using the equations 
to place puzzling prose in context. The 
very last lecture is a careful discussion by 
Olovsson of the effects of hydrogen 
bonding on charge distributions. 

Though the book is clearly most valu¬ 
able to those who actually participated in 
the NATO Institute, the many detailed 
and authoritative accounts of current 
work should make it useful for a much 
larger audience. But is it worth $75? At 
that price, I, for one, expect much better 
typography and redaction. With regret, I 
must classify the volume as yet another of 
a growing number whose price precludes 
serious consideration even for library ac¬ 
quisition.—#. S. Picker, Physics, Trinity 
College, Hartford 


Introductory Quantum Mechanics. 

Richard L. Liboff. 653 pp. Holden-Day, 

1980. $25. 

There are several books on introductory 
quantum mechanics available, each of 
which has its own approach. This text, 
developed from a course taught by Liboff, 
is an excellent introduction for students 
to the concepts underlying quantum me¬ 
chanics and provides the mathematical 
foundation for more advanced studies. 
This is a book on quantum mechanics 
rather than on the application of quantum 
theory to modern physics, but examples 
from various fields are given in the text to 
illustrate the applications, and others are 
included as problems for the student. A 
useful feature is the large number of 
solved problems. 

The volume assumes a reasonable 
amount of mathematical sophistication, 
which most physics students will have 
when they start a course in quantum me¬ 
chanics. It introduces annihilation and 
creation operators, concepts essential to 
modern quantum mechanics but not al¬ 
ways covered in introductory books. It 
devotes a full chapter to matrix mechanics 
from the rather simple angular momen¬ 
tum matrices to the density matrices, and 
also discusses briefly Clebsch-Gordon 
coefficients in the coupling of angular 
momentum, another topic often omitted 
from introductory texts. Not all topics are 
treated in detail, and the discussions of 
time-dependent perturbation theory and 


scattering are rather short for such im¬ 
portant subjects. 

This is an impressive book that is well 
worth considering for a full-year intro¬ 
duction to quantum mechanics for phys¬ 
ics majors. A course based on this book 
will form a good foundation for future 
studies in this field.— George T. Ewan, 
Physics, Queen’s University, Kingston, 
Ontario 


Earth Sciences 


Opportunities and Uses of the Ocean. 

David A. Ross. 320 pp. Springer-Verlag, 

1980.$19.80. 

“The future use and opportunities of 
the ocean are limited only by human 
imagination and technology,” so begins 
this textbook by a distinguished American 
oceanographer. While scientists at Ross’s 
home institution in Woods Hole and 
elsewhere around the world have labored 
long and hard to make this dream a real¬ 
ity, at least in part, politicians and agency 
bureaucrats, with a few exceptions, have 
worked equally hard to restrict attempts 
to recover new mineral and energy re¬ 
sources from the seafloor. Ross, in this 
timely, informative, and provocative 
volume, leads the reader through the mire 
of political, social, and socioeconomic 
problems related to the use and the po¬ 
tential use of the global ocean. 

After a brief (hut adequate) introduc¬ 
tion to what the ocean is and how it works, 
he moves immediately into a discussion of 
the complexities of who owns the sea and 
its resources, from the Truman Procla¬ 
mation—an imaginative document that 
few scientists have bothered to read, but 
one that has, for better or worse, set the 
stage upon which many have pursued 
their research for the past two decades— 
through the Geneva Conventions of 1958 
and 1960 and the Law-of-the-Sea Con¬ 
ferences of the 1970s. His comments on 
the freedom to conduct scientific research 
at sea are laudable, the implications so¬ 
bering, With the worldwise rise in the 
number of annual oil spills, one cannot 
but be alarmed at the cavalier way in 
which certain nations pass out shipping 
licenses like used Dixie cups. Such prac-1 
tice ensures continued risk—high risk—of i 
spills, as well as other environmental de¬ 
terioration. Ross provides perspective and 
clearly identifies the problems associated 
with shipping. 

His coverage ofthe mineral and biologi; 
resources of the sea is a beautiful exposi¬ 
tion on the untapped resource treasures 
available to all peoples, including krill is 
Antarctic waters, the ferromanganese 
nodules of the central Pacific, and the rich 
oil deposits beneath the continental shell 
(I would have liked more coverage of the 
hard-mineral resources of the inner-con¬ 
tinental shelf. Unlike the deep-water 
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nodules, the shallow-water gold, plati¬ 
num, tin, and other marine placer metals 
have, in reality, a greater potential for 
early recovery for the benefit of more 
people.) Lastly, Ross directs our attention 
to the future—a bright one, indeed—for 
artificial upwelling as a mariculture food 
stock, for energy from salinity differences 
and from marine biomass, for obtaining 
fresh water from brine, and for solving 
that giant problem—disposing of nuclear 
wastes by selective dumping in the deep 

Ross has turned around the long history 
of gloom-and-doom espoused by so many 
bureaucrats, politicians, and environ¬ 
mental “deep breathers,” by simply 
writing as a scientist. —J. Robert Moore, 
Marine Science Institute, University of 
Texas 

Mixing in Inland and Coastal Waters. 

Hugo B. Fischer, E. John List, Robert 

C. Y. Koh, Jorg Imberger, Norman H. 

Brooks. 483 pp, Academic Press, 1979, 

$35. 

For several decades much research has 
been devoted to a quantitative under¬ 
standing of mixing processes in surface- 
water flows. This book furthers this re¬ 
search by covering a wide variety of topics 
on mixing in rivers, reservoirs, and estu¬ 
aries, and is an outgrowth of the authors’ 
contributions in applying fluid-mechanics 
principles to solute-transport problems, 
The focus is on engineering solutions to 
mixing problems, rather than on a highly 
theoretical treatment of the subject. The 
authors consider the hook suitable as a 
text for first-year graduate students, as 
well as a general reference source for 
practicing hydraulic and environmental 
engineers, particularly those involved 
with waste disposal. 

The book is divided into ten chapters, 
two appendixes, and a list of mathemati¬ 
cal notation. The introductory section 
describes the basic definitions and con¬ 
cepts utilized in the text, and stresses the 
importance of order-of-magnitude anal¬ 
ysis, Particular emphasis has been placed 
upon approaching mixing problems by 
using a balance among field, numerical- 
model, and physical-model studies. The 
section that can he considered the main 
body of the text contains three chapters 
on mixing in rivers, reservoirs, and estu¬ 
aries, respectively. The river-mixing 
processes are developed in a clear and 
comprehensive manner. The reservoir 
chapter is noteworthy for the complete¬ 
ness of the discussion, whereas the chap¬ 
ter on estuaries is largely descriptive. In 
addition, material is presented on river 
and estuary models, including both nu¬ 
merical and physical models, turbulent 
jets and plumes, and design of ocean 
waste-water discharge systems. 

Although each of the five authors has 
written essentially individual chapters, 
the chapters are well integrated into a 
book that is not simply a collection ofar- 
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tides. However, in trying to cover such a 
wide range of material, the authors of 
necessity omit much detail, and each au¬ 
thor tends to present his approach to the 
subject rather than a broader survey. The 
chapter that discusses numerical models 
seems particularly brief in light of the 
present trend toward increasing use of 
simple numerical models with variable 
parameters to supplant scaling and/or 
analytical solutions. The key question of 
relating the characteristic mixing pro¬ 
cesses in reality to mathematical formu¬ 
lations for use in numerical analysis is not 
generally addressed. 

Despite these shortcomings, this book 
provides a good introductory text for 
mixing processes and in particular an ef¬ 
fective introduction to the many contri¬ 
butions made by the five authors, I am not 
aware of any other volume that covers this 
broad topic at such a technical level, Al¬ 
though it provides a condensed body of 
reference material for the practicing en¬ 
gineer, the detail is not sufficient for 
moderately complex problems. Finally, 
the descriptive sections on mixing pro¬ 
cesses are of value to the general 
reader.—Roy A. Walters, U. S. Geological 
Survey, Menlo Park, CA 

Geomathematical and Petrophysical 

Studies in Sedimentology. Dan Gill 

and Daniel F. Merriam, eds. Computers 

and Geology. 267 pp. Pergamon Press, 

1979. $35. 

The 17 papers comprising this volume 
represent the printed results of three 
symposia sponsored by the International. 
Association for Mathematical Geology at 
the 10th International Congress on Sedi¬ 
mentology in 1978. Perhaps the most 
distracting point about this book is the 
lack of a central theme. At least four sep¬ 
arate themes are apparent, including: 
computer-simulation models, quantita¬ 
tive methods for the analysis of petro¬ 
physical logs, seismic stratigraphy, and 
the application of trend-surface and 
multivariate analysis to sedimentological 
and related problems. 

The first theme is covered by five pa¬ 
pers that run the gamut from recognition 
of terrigeneous depositional environments 
to bed thickness distribution, ground- 
water, closed-number systems, and stress 
analysis, The diversity of subject matter 
treated even within this first group is 
readily apparent, and the quality of the 
papers varies greatly. 

The most coherent theme in the volume 
is represented by the six papers that cover 
quantitative methods for the analysis of 
petrophysical logs—the use of various 
combinations of logs in determining 
subsurface lithologies and in quantitative 
lithologic stratigraphic correlation, 
Overall, this section is well organized and 
treats current methodology, problems and 
obstacles, and specific field studies. 

The next theme is covered by two 
straightforward field studies of specific 


sedimentary basins using computer- / 
enhanced seismic data. The application 
of trend-surface analysis to volume cal- j 
culations and to depositional systems and : 
the application of principal-components 
analysis to carbonate rock geochemistry : 
and to the size and shape of fossil organ- ic 
isms are treated in the final grouping, r 
The great diversity of subject matter j 
makes this a difficult book to evaluate as ? 
a package. At best, it offers something for * 
almost anyone interested in the analysis _ 
of sedimentary rock sequences. At worst, 
it does not offer enough in any one area 
except perhaps in the quantitative anal¬ 
ysis of petrophysical logs.—Frank G. : 
Ethridge, Earth Resources, Colorado 
State University 


Geophysical Fluid Dynamics for 

Oceanographers. Joseph J. von 

Schwind. 307 pp. Prentice-Hall, 1980, 

$22.95. 

The constraints of rotation and strati¬ 
fication are especially important in fluid 
flows in nature, and in the past quarter 
century fluid dynamical studies incorpo¬ 
rating these constraints have been col¬ 
lectively described as geophysical fluid 
dynamics (gfd). Von Schwind’s book i- 
intended to introduce gfd to beginning 
graduate students in oceanography, Be¬ 
cause of the varied academic background 
of the intended readers, he has written a 
text emphasizing those aspects of the 
topic that, in his opinion, would bring the 
students to a functioning level of famil¬ 
iarity with gfd. 

About half the book is devoted to ele¬ 
mentary fluid mechanics. The other half 
includes a review of vectors and Cartesian ! 
tensors and discussions of wind-driven 
ocean circulation and large-scale ocean 
waves. Though some such limitation is ’ 
necessary in a relatively short, introduc- ' 
tory course, a textbook of broader scope : 
would be preferable, since it would allow : 
some selectivity on the part of the user. ' 

The treatment of elementary fluid dy¬ 
namics is quite detailed, and readers with : 
no fluid dynamical background may fiiid • 
that useful. However, that part of the tat ■ ■ 
suffers from the same shortcoming as the ; 
rest of the book—the presentation is too 
flat; regardless of relative importance, ; 
topics are discussed with equal emphasis. 
The earliest theories of wind-driven ocean ; 
circulation are reported in detail, more or Z 
less as they appeared in the literature I j- 
years ago, Some of that detail should have / 
been supplanted by a discussion of the ■ 
advances that have since been made in I 
our understanding of the dynamical pro- : 
cesses involved. The treatment of oceaii 
waves is a paraphrase of the more incisive 
original account by Platzman in the 1971 
Lectures in Applied Mathematics. All in 
all the scope of this book is too limited and 
the treatment is too uncritical for it to be ■ 
of much value— George Veronis, Geologi 
and Geophysics, Yale University ; 


Stones: Their Collection, Identification, 
and Uses. R, V. Dietrich. 145 pp. W. H. 
Freeman, 1980. $12.95 cloth, $6.95 
paper. 

Intended for students of natural history 
and for laymen interested in stones, this 
very readable book should be ideal for use 
in geology courses for nonmajors and in 
high school earth science courses, and of 
interest to all “rockhounds.” After an in¬ 
troductory chapter that mentions legends 
and superstitions concerning stones and 
defines the terms mineral, rock, stone, 
and others, the book goes on to describe 
how stones came to be where they are 
found and how they acquired their 
shape. 

The third chapter discusses their geo¬ 
logical origin as rocks or minerals; the 
fourth deals with present uses of stones 
(just as they are picked up), including 
some offbeat uses. The informal pen- 
and-ink illustrations are highly accurate. 
There are five appendixes—on the iden¬ 
tification of minerals, common fossils, and 
rocks; hints on collecting stones; the kinds 
of collections—and in addition a 14-page 
glossary, a list of suggested readings, and 
a subject index.—Dorothy B. Vitaliano, 
U.S. Geological Survey, Bloomington, 
IN 


events from a series of different perspec¬ 
tives is a glimpse into the personalities of 
the authors themselves. What one scien¬ 
tist sees as Monod’s genius for selectively 
ignoring data in order to construct a co¬ 
herent intellectual framework to test, 
another sees as an overbearing refusal to 
consider all the facts—usually his own 
facts. Most seem to have felt enriched by 
their contact with his genius, a few merely 
overshadowed. 

In the first chapter, Andre Lwoff de¬ 
scribes Monod’s early years and some of 
his extrascientific achievements, sum¬ 
marizes the body of his science, and 
thoughtfully attempts to define the na¬ 
ture of Monod’s genius. It is the most 
selfless contribution and among the most 
elegant. A few of the chapters are mired 
in too-literal translation from the original 
French. Most are clever and charming, 
focused on specific moments and events 
that provide the real flavor of Monod’s 
scientific career. 

This volume deserves a wide audience. 
Those interested in the evolution of the 
concepts of gene regulation elucidated by 
Monod and his associates, those curious 
about the mechanics of scientific inquiry, 
and those who enjoy scientific gossip in 
the style of The Double Helix will all find 
ample sources of satisfaction here.— 
Marjorie Russel, Genetics, Rockefeller 
University 


Life Sciences The Ecology of Vision. J. N. Lythgoe. 

' ‘ ““—:— 244 pp. Oxford University Press, 1979. 

Origins of Molecular Biology. A Trib- $57.20. 
ute to Jacques Monod. Andre Lwoff John Lythgoe wrote this book because 
and Agnes Ullmann, eds. 246 pp. Aca- ^ sense of vision and the problems it 
demic Press, 1979. $17.50, encounters in different environments 

This book consists of a series of eulogies have been important in shaping the be- 
to and scientific reminiscences about havior and ecology of animals, and “the 
Jacques Monod, contributed by many of broadly based ecologist,,. must know... 
the people who worked with him during some of the ground rules for assessing the 
his long and productive career, Each likely role of vision in the immensely 
contributor writes from his or her unique complex problems of ecology.” 
vantage point—secretary, technician, Lythgoe first provides an effective 
student, visiting postdoctoral, colleague, summary of the interactions of light with 
Perhaps because the contributors include the environment as well as the basics of 
only those who knew Monod profession- retinal physiology and physiological op- 
ally, or perhaps because he was a private tics. The balance of the book is about 
person, this book presents a rather one- different light environments and the 
dimensional portrait ofMonod the man. manner in which animals deal with the 
However, the image of Monod the scien- problems posed by scattering, low inten- 
tist is developed quite fully, • sity, and restricted spectral and direc- 

Most articles include very lucid and tional distributions of light. The treat- 
reasonably complete descriptions of the ment emphasizes the marine environ- 
many important experiments Monod was ment, partly because the physical distor- 
involyed in, presented in a way that tion of the solar spectrum is greatest 
maximizes their comprehensibility to below the surface of the sea and there is 
nonmolecular biologists. The nature of thus more to be said, and partly because 
enzyme induction, repression, the operon Lythgoe seems most at home under water, 
concept, and allostery are all explored. Rather than a contribution to ecological 
Equally interesting is the historical con- theory, we have a catalog of adaptations 
text of the discoveries that emerges from to various visual tasks, much of which, 
the effort made by most of the writers to however, makes fascinating reading. For 
reproduce the intellectual and scientific example, the retinas of some species of 
climate of the laboratory during the times plankton-feeding fish have regions of high 
they describe. Another fascinating (and cone density for viewing 47° from the 
perhaps unanticipated) byproduct of the vertical, presumably because their largely 
Roshomon-like descriptions of the same transparent prey are more easily detected 


against the edges of Snell’s window. These 
are mere tidbits, however, and the reader 
with any appetite for the subject will 
quickly come to share Lythgoe’s implicit 
conclusion that we have only gotten a few 
whiffs from the kitchen. A case in point: 
there still appears to be no persuasive 
explanation, in the Darwinian sense of 
adaptation, for the Purkinje shift in 
spectral sensitivity from 560 to 500 nm. 

The book is attractively put together, 
with frequent use of line drawings to il¬ 
lustrate the animals under discussion and 
a dozen color photographs taken in 
aquatic environments.— Timothy H. 
Goldsmith, Biology, Yale University 


Biogeography. E. C, Pielou. 351 pp. 

Wiley-Interscience, 1979. $21.50. 

A study of plant and animal distribu¬ 
tions reveals so many peculiar patterns 
and raises so many questions that many 
of the foremost evolutionists in the last 
150 years have gained important new in¬ 
sights from biogeography. The reader of 
this new textbook is introduced to many 
of these patterns, which range from the 
disjunct distributions of mammalian or¬ 
ders in the southern continents to simi¬ 
larities in life form among plants found in 
areas that have a Mediterranean climate 
to the tendency for polyploid angiosperms 
to live in cold climates. Critical discus¬ 
sions and some new clarifications are of¬ 
fered in the accounts of island biogeo¬ 
graphy, the taxon cycle, geography of 
polyploidy, and the overlaps in ranges of 
related species, A number of statistical 
tests are introduced for quantifying pro¬ 
vincial boundaries, comparing distribu¬ 
tional patterns, and recognizing discon¬ 
tinuities and clusters. 

In my opinion, Pielou sketches an ac¬ 
curate, if somewhat colorless, picture of 
conventional biogeography, in which the 
effects of continental drift, isolation, cli¬ 
matic change, and latitude are most often 
expressed as changes in the names or 
numbers of species. With a few exceptions 
(mostly on land), biogeographical pat¬ 
terns in adaptation or in ecological orga¬ 
nization are ignored. Pielou generally does 
an admirable job of summarizing the nu¬ 
merous current controversies in biogeo¬ 
graphy. Her discussion of vicariance 
biogeography and the opposing views is an 
excellent example. As one who is already 
familiar with many of these arguments, I 
came away with the reinforced impression 
that most of the controversies are minor 
or even trivial. 

The relative brevity of the book and the 
vast territory to be covered conspire to 
make some of the discussions incomplete 
or superficial. In the account of the la¬ 
titudinal diversity gradient, for instance, 
no distinction is drawn between local and 
global numbers of species, The idea that 
distributional and evolutionary responses 
of species are often correlated with habi¬ 
tat or mode of life is mostly ignored in 

1980 November-December 693 








discussions of biogeographical provinces, 
evolutionary rates, and the effects of 
Pleistocene glaciations. Most of the lit¬ 
erature cited dates from before 1977. 

The most disturbing qualities of the 
book for me were the lack of excitement 
about patterns and organisms and the 
sense that no fundamental questions were 
being asked or answered. I believe that 
many profound questions in the realm of 
biogeography remain and that their in¬ 
vestigation will continue to add new in¬ 
sights to the overall understanding of the 
evolution of life.—Geerat J. Vermeij, 
Zoology, University of Maryland 


Population Dynamics: Alternative 
Models. Bertram G, Murray, Jr. Phys¬ 
iological Ecology. 212 pp. Academic 
Press, 1979. $21. 

Murray returns to "the central ecolog¬ 
ical problem of the 1950s,” population 
dynamics. His purpose is to develop a 
theoretical alternative to explanations 
based on “density-dependent regula¬ 
tion.” 

He emphasizes the influence of the size 
of a study area on the interpretation of its 
population dynamics and urges ecologists 
to shift attention from population num¬ 
bers to age-specific birth and death rates. 
He proposes that these rates are con¬ 
trolled by four components of the envi¬ 
ronment: space (especially for territorial 
species), time (in species with a limited 
breeding period), food (more generally, 
mass and energy input), and predation 
(mass and energy output), 

Of the earlier proponents and antago¬ 
nists of "density-dependent” and "den¬ 
sity-independent” models, Murray ob¬ 
serves astutely that “words failed them.” 
An ornithologist, he is strongest in re¬ 
viewing empirical ecological papers that 
favor or argue against previous models, 
The book presents a fine discussion of the 
competitive exclusion principle. 

Unfortunately, the author has not ap¬ 
plied the same critical standards he uses 
for the theories of others to the theories he 
suggests. The book is weakened by a 
considerable number of statements that 
are unsubstantiated, contrary to fact, or 
self-contradictory .—Joel E, Cohen, 
Populations, The Rockefeller University, 
and International Institute for Applied 
Systems Analysis, Laxenburg, Austria 


Macroevolution: Pattern and Process. 

Steven M. Stanley. 332 pp. W. H. 

Freeman, 1979. $20. 

Among the exciting recent develop¬ 
ments in evolutionary biology has been 
the reassertion, primarily by paleontolo¬ 
gists and systematists, of the importance 
of studying "macroevolutionary” phe¬ 
nomena, such as rates and patterns of 
long-term evolution and the origins of 


adaptive novelties. Controversy sur¬ 
rounds the question of whether evolution 
conforms to the “gradualistic” model— 
which proposes that large changes result 
from continual successive small 
changes—or to the model of "punctuated 
equilibria,” which holds that most species 
are evolutionarily rather static except 
during speciation, when substantial ge¬ 
netic changes, and most adaptive inno¬ 
vations, can occur. Stanley defends the 
punctuational model both against critics 
who adhere to gradualism and those who 
charge that evolutionists have generally 
assumed the punctuational viewpoint 
ever since they heard of Simpson’s 
“quantum evolution.” Stanley shows, I 
believe successfully, that much of evolu¬ 
tionary theory really does assume gra¬ 
dualism, that both paleontological evi¬ 
dence and genetical theory favor the 
punctuational hypothesis, and that this 
hypothesis may have important implica¬ 
tions for our understanding of such di¬ 
verse phenomena as evolutionary trends, 
mass extinctions, diversity gradients, 
living fossils, and the prevalence of sex, 
Stanley relies on taxonomic data that 
do not always support the weight of his 
arguments, engages in sometimes un¬ 
convincing speculation (e.g, rates of spe¬ 
ciation and extinction are said to be in¬ 
creased by complex behavior), and doesn’t 
squarely face certain important issues 
(e.g. why don’t clades with low extinction 
rates replace those with high extinction 
rates?). Nevertheless, he makes a good 
case for an important theoretical frame¬ 
work and for some intriguing conclusions: 
mass extinctions may result from reduced 
speciation rates, not just increased ex¬ 
tinction rates; “living fossils” are curious 
not because they have failed to evolve but 
because they have persisted for so long; 
evolutionary trends are the consequence 
of intertaxon differences in rates of spe¬ 
ciation and extinction rather than of 
persistent directional selection within 
species; among the mammals, hominids 
have experienced unusually slow phyletic 
evolution. Overall, Stanley offers an 
imaginative treatment of almost every 
issue in macroevolution; by drawing on a 
wealth of paleontological and neontolog- 
ical information and on the mechanistic 
theory of evolution, he achieves a clear, 
informative, stimulating synthesis. This 
is perhaps the most important treatment 
of macroevolution in almost thirty years, 
and revivifies a subject too long dor¬ 
mant.—Douglas J, Futuyma, Ecology 
and Evolution, SUNY-Stony Brook 


Principles of Population Genetics. 

Daniel L. Hartl. 488 pp, Sinauer, 1980. 

$18.50. 

Daniel Hartl has written an excellent 
textbook on population genetics. While 
the field has its origin in the inception of 
modern genetics 80 years ago, this is the 
first comprehensive text suitable for un¬ 


dergraduate teaching. It is a masterful 
intertwining of theory and data! 
throughout, the theory is never far fro® 
the data, and vice versa. This book is 
written by an experienced teacher with 
the beginning student clearly in mind, It 
does not pretend to break new ground W 
to be controversial or clever; it is just an 
evenhanded, balanced, well-written 
overview of the field—exactly what a text 
should be. At the end of each chapter 
there are problems which not only test the 
student’s comprehension but transmit 
information; rather detailed solutions are 
given in the back of the book. The level of 
mathematical sophistication is kept to a 
minimum without sacrificing rigor. 
Mathematical and statistical procedures 
are introduced for the biologist; basic ge¬ 
netics principles are introduced for stu¬ 
dents outside biology. The publishers 
have once again produced a very attrac¬ 
tive format; the layout and illustrations 
are clean, 

The only similar text with about an 
equal mix of theory and data is Eliot 
Spiess’s Genes in Populations (Wiley, 
1977). Spiess’s text is much larger and 
contains more material than the average 
student could assimilate in a one-terra 
course. In comparing the two texts, 1 
would choose Hartl’s if I were teaching an 
undergraduate course and Spiess’s ifthe 
course were for graduate students. If both 
types of students were in the course, well 

Finally, population geneticists can take 
pride in the fact that the field is moving 
fast enough that even though only three 
years intervene between Spiess and Hart!, 
the latter is significantly more up to 
dat e,—Jeffrey R. Powell, Biology, Me 
University 

Mathematical Population Genetics, 

Warren J. Ewens. Biomathematics, 9. 

325 pp. Springer-Verlag, 1979. $32. 

This advanced text covers such topics 
as discrete models of allele frequency 
dynamics in finite populations, diffusion 
theory and its applications, two-locus 
theory, the neutral theory of molecular 
evolution, and statistical tests of the lat¬ 
ter. The range of topics considered re¬ 
flects those areas in population genetics 
with a rigorous mathematical background 
and Ewens’s own interests. Anyone with 
an interest in the theory of population 
genetics will find here a well-written and 
thorough account of these subjects. Top¬ 
ics such as kin and group selection, evo¬ 
lutionary ecology, and models of quanti¬ 
tative inheritance get little or no mention, 
Despite these omissions this is still an 
excellent book. The author has done an 
admirable job of discussing the assump¬ 
tions and limitations of specific modelsin 
biological terms. For this reason, even 
those population biologists with less in¬ 
terest in mathematical details will find 
this book useful —Laurence D. Mueller, 
Biology, Stanford University j 
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Physiological Genetics. John G. 

Scandalios, ed. Physiological Ecology. 

280 pp. Academic Press, 1979. $24. 

This book is best described by an out¬ 
line of its contents. Each chapter is writ¬ 
ten by an author reviewing his own and 
related work in an area of eukaryotic 
physiological and developmental genetics. 
The subjects are developmental regula¬ 
tion in the mouse (Paigen), catalase iso¬ 
zymes in maize development (Scandalios), 
hormonal control of gene expression (Ho), 
developmental genetics of fungi (Scott), 
male sterility in maize (Levings and 
Pring), genetic methodology in plant so¬ 
matic cell cultures (Parke and Carlson), 
and analysis of cryptic enzyme polymor¬ 
phism in natural populations (Johnson). 
The authors provide well written and 
valuable summaries not easily found 
elsewhere. The references cover part but 
not all of 1978, and this limits the useful¬ 
ness of some chapters.— Rowland H 
Dauis, Molecular Biology and Biochem¬ 
istry, University of California, Irvine 


Structure and Assembly: Primary, 
Secondary, Tertiary and Quaternary 
Structures. Heinz Fraenkel-Conrat and 
Robert R, Wagner, eds. Comprehensive 
Virology, 13.652 pp. Plenum, 1979. 
$39.50. 

It came as quite a surprise to he asked 
to review a book that I had just purchased 
a month earlier because it appeared to be 
an essential reference for the most up- 
to-date information on amino-acid and 
nucleic-acid sequences for a multitude of 
plant, animal, and bacterial viruses. A side 
benefit was finding several additional 
chapters on viral membrane proteins, 
adenovirus structural proteins, and bac¬ 
teriophage assembly. 

The overall advantage of this book is 
that it brings together papers forming a 
compendium of basic structural infor¬ 
mation written by experts in their fields. 
Harry Ginsberg’s article on adenovirus 
structural proteins is a case in point. Not 
only is it written from the perspective of 
a premier investigator who can look back 
and resolve early differences in the field, 
but it provides important caveats that 
should be generally observed in the puri¬ 
fication of virus structural proteins. 

The articles are for the most part well 
illustrated, with tables that succinctly 
summarize the major points, The detailed 
references will be extremely useful for 
those who wish to search out the original 
data. If there is a defect in the book, it is 
that almost all of the references predate 
1979, so that some of the information is 
not current, Thus, the recent excitement 
over the use of hybridbma technology as 
a tool to dissect out antigenic determi¬ 
nants and thereby structural features of 
proteins—for example, the gp70 protein 
of murine leukemia viruses—is not even 


alluded to as a promising future avenue of 
research. Perhaps a small addendum to 
subsequent editions on such recent find¬ 
ings would give a freshness to the work. 
Indeed, the discovery in 1979 of a new 
gene for lysis on RNA phages helps put 
several unexplained findings in perspec¬ 
tive, 

Despite these minor shortcomings, 
which really reflect the vitality of a rap¬ 
idly moving field, this volume presents a 
unique collection of resource material that 
is essential for all virologists interested in 
the nitty-gritty of how viruses are put 
together.— Ronald B, Luftig, Microbiol¬ 
ogy and Immunology, University of 
South Carolina School of Medicine 


Aspects of Biophysics. William Hughes. 

362 pp, Wiley, 1979. $8. 

This text is meant for the student with 
a basic knowledge of physics, chemistry, 
and biology who wishes to learn how the 
fundamental principles of physics may be 
applied to the study of biological systems. 
Some representative topics of biophysics 
are presented along with key references. 
The physical basis of life processes Is ex¬ 
amined at increasingly higher levels of 
organization, beginning with the structure 
and function of proteins and nucleic acids 
and proceeding to cell membranes and 
organelles; tissue and organs; organism; 
and, finally, medical applications through 
the agency of bioengineering. 

The treatment is stimulating and up to 
date in most areas, with a level of con¬ 
ceptual and mathematical sophistication 
which approximates that of a third-year 
college student. Unfortunately, however, 
the presentation is marred by numerous 
typographical errors, some of which are 
not trivial, For example, Figure 5.1, which 
shows the double-stranded helical struc¬ 
ture of DNA, will be very confusing for the 
beginning student, since the symbols used 
for the atoms of bases and of phosphate 
and sugar residues in the drawing are in¬ 
terchanged in the legend—John R, Cam, 
Biophysics and Genetics, University of 
Colorado Health Sciences Center, 

. Denver 


DNA Replication. Arthur Kornberg, 724 

pp, W. H. Freeman, 1980, $32.50, 

This book provides an “up-to-date ac¬ 
count of DNA replication and metabolism 
with a strong biochemical emphasis,” an 
area in which the author has made and is 
continuing to make substantial contri¬ 
butions. After a section giving necessary 
biochemical background on the DNA 
macromolecule, the synthesis of precur¬ 
sors of DNA, and the properties of DNA 
polymerases, the central part of the book 
considers in detail what has been learned 
about how DNA is replicated, especially 
the replication in vitro of single-stranded 


DNA molecules in extracts of E. coli, be¬ 
cause that is where the biochemistry is 
best known. Much of the material cited is 
research performed in the author’s labo¬ 
ratory and to some extent represents a 
personal account of his work. Research by !' 
others, particularly if it is not biochemical, 
is not emphasized; if the book has a fault, 
it is in ignoring physiological studies. 
Good descriptions included are of what is [■ 
known about the replication of specific I 
genomes, primarily prokaryotic and eu¬ 
karyotic viruses. Less comprehensively 
treated are bacterial and mammalian cell 
DNA replication and DNA repair and 
recombination, 

DNA replication is a subject about 
which little is known and much is as¬ 
sumed. Only gradually are we becoming 
aware of the complexity of the process and 
the diversity of mechanisms Nature em¬ 
ploys to deal with this complexity. The ; 
present volume does an impressive job of 
presenting a balanced and understand¬ 
able account of what we know. Anyone 
with an interest in the molecular biology ; 
of cell DNA replication will enjoy it. Pri- . 
marily a graduate-level text, it is also 
suitable for upper-level undergraduate 
courses when the student has had some 
biochemistry and virology. The book is 
profusely illustrated, well written, and 
largely error free, with an adequate setof 1 
references and good indexes.—Gauid T. 
Denhardt, Cancer Research Laboratory, . 
University of Western Ontario | 


The Molecular Biology of Picornavi- 
ruses. R. Perez-Bercoff, ed. NATO 
Advanced Study Institutes, Series A: 
Life Sciences, 23.371 pp. Plenum, 1979. 
$39.50. 

This book, the proceedings of a sym¬ 
posium held in Maratea, Italy, in Sep¬ 
tember 1978, brings together various as¬ 
pects of picornavirus molecular biology, 
aspiring to integrate a broad variety of 
topics ranging from the structure and 
assembly of picornavirus particles to the 
mechanism of mammalian protein syn-. 
thesis, Chapters on the structure and 
replication of the RNA genome, the ge¬ 
nome-linked protein, VPg, and host re¬ 
striction of picornavirus infection are also 
included, and the mode of polyproteia 
synthesis and processing is dealt with in 
detail. Most of the articles are fairly 
comprehensive and therefore valuable 
reviews, and the book as a whole is well 
organized. 

Picornaviruses have long been recog¬ 
nized in molecular biology for their con¬ 
tribution to our understanding of eukar¬ 
yotic mRNA structure and function. 
Those interested generally in this area will 
be pleased to find stimulating discussions 
of the in vitro translation of picornavirus 
mRNA, the regulation of protein syn¬ 
thesis by interferon, the role of "caps” and 
initiation factors in the virus-induced 


shut-off of host cell protein synthesis, and 
the enigma of translation initiation site 
selection. A well-placed review of the 
mechanism of mammalian protein syn¬ 
thesis blends effectively with the accom¬ 
panying research articles and helps to put 
the data into perspective. 

The volume is particularly useful as an 
illustration of the utility of relatively 
simple animal virus systems for the study 
of complex cellular processes such as the 
mechanism of mammalian protein syn¬ 
thesis. Clearly, the implications of the 
work being done in this field reach well 
beyond the boundaries of the picornavirus 
system, and this book should he of inter¬ 
est not only to molecular virologists but 
also to eukaryotic cell and molecular bi¬ 
ologists in general.— E. Faust, Cancer 
Research Laboratory, University of 
Western Ontario, London, Ontario 


Diversity and Adaptation in Fish Be¬ 
haviour. Miles H. A. Keenleyside. 
Zoophysiology, 11. 208 pp. Springer- 
Verlag, 1979. $37.90. 

“The Behavioral Ecology of Fishes” 
could serve as a title for this excellent 
volume. The major emphasis is on un¬ 
derstanding fish behavior in the natural 
environment, but laboratory studies are 
included whenever they clarify field 
studies. The author has effectively orga¬ 
nized this review around the three central 
problems faced by all animals: the ac¬ 
quisition of food, the avoidance of pred¬ 
ators, and reproduction. 

After a quick review of locomotion, the 
book launches into the three main themes 
of food, predation, and reproduction. The 
major fish trophic categories—detrivores, 
scavengers, herbivores, browsers, etc,— 
are succinctly described. Although the 
fact that many fishes are opportunistic 
and flexible in their feeding patterns is 
unfortunately mentioned only briefly, it 
is clear that many fishes cannot be neatly 
placed in any single feeding category. 
Perhaps behavioral ecologists will be 
stimulated to quantify the fluctuating 
environmental conditions that cause 
fishes to switch feeding modes. 

The review of antipredator behavior is 
concise and includes the most important 
references in this field. Because of the 
book’s tremendous breadth, however, 
none of these antipredator behaviors, are 
dealt with in great depth, although the 
major modes of defense are well docu¬ 
mented. 

Three chapters discuss aspects of re¬ 
productive behavior, and again the author 
crisply reviews the literature. The chapter 
on parental care is dominated by discus¬ 
sion of cichlids, which is not surprising 
since cichlids have beeen the object of 
more behavioral studies than any other 
family of fishes. Keenleyside is actively 
engaged in both field and laboratory re¬ 
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search on this group, and it shows in this 
strong section. 

The final chapter discusses forms of 
social organization, such as solitary living, 
territorial defense, schools, and long-term 
pair bonds, Here most of the examples are 
drawn from coral reef fishes. The treat¬ 
ment makes an excellent beginning and 
serves as a guide for future research. 

Keenleyside has provided a remarkably 
good overview of the variation and com¬ 
plexity of behavior in this most diverse of 
all vertebrate groups. I suspect that this 
volume will serve as a continuing guide for 
fish behavioral ecologists, and that, as our 
knowledge expands, it will spawn work on 
the behavior of families such as the Cen- 
trachidae, the Cichlidae, and the Lab- 
ridae. In addition to these possible phy¬ 
logenetic reviews, the book will stimulate 


a synthesis of the behavior and commu¬ 
nity organization of fishes occurring to¬ 
gether in the same environment, along the 
lines indicated by the concluding chapter. 
This book deserves to be on the shelf of all 
ethologists and ichthyologists.— Kenneth 
R. McKaye, Biology, Yale University 

Insect Neurophysiological Tech¬ 
niques. Thomas A. Miller. Experi¬ 
mental Entomology, 1. 308 pp. 
Springer-Verlag, 1979. $25.80. 

There is no question that insects are a 
rich source of experimental material for 
neurobiologists, particularly those of us 
interested in wedding neural action to 
behavior and, more recently, to neural 
development, Thus, the time seems aus¬ 
picious for a book devoted to experimen- 
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tal techniques, This one leads off a series 
that may include volumes on neuroanat¬ 
omy, sensory systems, motor systems, and 
hormonal systems. The book is written for 
students who require exercises for labo¬ 
ratory courses and for mature investiga¬ 
tors who seek specialized information, but 
it fails for lack of a clear focus. While it 
covers numerous experimental prepara¬ 
tions, the level is often inconsistent, both 
in the aim and in details of description. 
Few chapters could be adopted directly 
for student exercises as they stand. The 
author skips from preparation to prepa¬ 
ration, giving insufficient information in 
some cases and puzzling, detailed de¬ 
scriptions of minor points in others, Good 
editing would have reduced redundancy 
throughout the book. 

Especially glaring omissions occur in 
the chapter on free-moving and tethered 
preparations. Miller discusses in a su¬ 
perficial way the technique of elec¬ 
tromyography in tethered, behaving in¬ 
sects. One of the great advantages of in¬ 
sect preparations is the ability to gain 
valuable information from relatively 
simple recordings such as myographs and 
the ease with which students can be 
taught them. The author does not treat 
some of the easiest preparations—e.g, 
walking and flapping flight in cockroaches 
or locusts, He does not explain the dif¬ 
ference between myogenic and neurogenic 
systems in insect flight, a particularly il¬ 
luminating demonstration, nor does he 
explain what kinds of information can be 
obtained by myography—e.g. that one 
can obtain the number of motor units that 
underlie a particular movement, the de¬ 
tails of recruitment of motor units, as well 
as phase relationships between different 
muscle groups. 

Although the author states that his aim 
is to report new developments in research 
methodology, he-ignores the common¬ 
place use of neuron dye-staining. It is 
.completely within the competence of 
anyone who can insert a microelectrode 
into a neuron to stain that cell and thus 
identify it; if there is one major advantage 
of working with invertebrate preparations 
it is that of dealing with identified neu¬ 
rons. Thus, a book that aims at guiding 
the entry of students and experienced 
investigators into the neurophysiological 
study (including intracellular techniques) 
of insects cannot be blind to the goal of 
uniting structure and function, even if 
other volumes of the series promise to 
cover anatomy. Alas, this single deficiency 
would cause me to regard the book as se¬ 
riously flawed, I really cannot recommend 
this book for research students. 

Rather than sprinkling the text with 
many circuit diagrams of instruments for 
insect research, given the pace of tech¬ 
nology, it would have been preferable to 
list commerciaisources of equipment and 
addresses in an appendix. And perhaps it 
is simply my own bias, but I cannot be¬ 
lieve that a book of this type could discuss 
the role of microscopes in only one and a 


half pages and light sources m half a page; 
critical electrophysiology requires good 
optics as much as good amplifiers.— 
Ronald Hoy, Biology, Cornell Univer¬ 
sity 


The Origins of Modern Biochemistry: 
A Retrospect on Proteins. P. R. Srini- 
vasan, Joseph S. Fruton, John T. Ed- 
sall, eds. ■ Annals of the New York 
Academy of Sciences, 325. 373 pp. 
NYAS, 1979. $65, 

Both scientists and historians of science 
participated in the 1978 symposium from 
which this volume results. The former 
group was composed of senior scientists 
who had entered biochemistry for the 
most part in the 1920s and 1930s and who 
had made important contributions to the 
field. 

The scope of the work is somewhat 
broader than the subtitle suggests. Sec¬ 
tions are included on the historical de¬ 
velopment of protein biosynthesis and on 
the role of nucleic acids as genetic deter¬ 
minants of protein structure, as well as 
sections on the development of protein 
structure and metabolism, While some of 
the chapters probe the 19th-century (or 
even 18th-century) origins of the subjects 
discussed, the major emphasis is on the 
period from the early 1920s into the 1950s. 
The scientist participants were very active 
during this period, and their contributions 
are a firsthand account of the growth of 
the field, often warmly anecdotal in 
character. These personal views will prove 
a valuable resource for future historians 
of biochemistry. 

One very pleasing feature of the work 
is the inclusion after each paper of an 
edited transcript of the discussion that 
followed. Many of these exchanges help 
illuminate points raised in the papers, and 
some offer alternative memories of points 
discussed. A long discussion meant to be 
a dialogue between the scientists and the 
historians is less successful, being some¬ 
what rambling and unfocused. 

This book is important both for bio¬ 
chemists and for historians of the field, for 
the latter as a resource and for the former 
as a window to the intellectual history of 
their discipline.—James V, Staros, Bio¬ 
chemistry, Vanderbilt University 


Regulation of Macromolecular Syn¬ 
thesis by Low Molecular Weight 
Mediators. Gebhard Koch and Diet- 
mar Richter, eds. 370 pp, Academic 
Press, 1979. $24.50. 

The book contains the proceedings of 
a workshop dedicated to Fritz Lipmann 
on his eightieth birthday. The low mo¬ 
lecular weight mediators discussed are 
mostly nucleotides of an unusual struc¬ 
ture: 1) the “magic spots”—pppGpp, 
ppGpp, and ppGp—playing a role in the 
stringent response of bacterial cells to 


amino acid starvation, 2) AppppA formed 
in the back reaction of aminoacyl-tRNA 
synthesis and implicated in the control of 
DNA synthesis, 3) GppppG accumulated 
in the brine shrimp egg and serving ns a 
source of purine-containing compounds 
during development, and 4) pppA2'p5'- 
A2'p5'A, which activates a latent endo¬ 
nuclease and is involved in mediating the 
interferon response. Other articles con¬ 
cern the hemin-controlled translational 
inhibitor and ribosomal protein phos¬ 
phorylation. The volume can serve as a 
short, clear, and fairly up-to-date sum¬ 
mary of recent progress in the field cov¬ 
ered.— Peter Lengyel, Molecular Bio¬ 
physics and Biochemistry, Yale Univer¬ 
sity 

The Biochemistry of Glycoproteins 

and Proteoglycans, William J. Len- 

narz, ed. 381 pp. Plenum, 1980. $35. 

The field of glycoprotein research has 
its origins in diverse subjects, A decade 
ago asking scientists to specify what re¬ 
search into glycoproteins involved would 
have evoked a spectrum of answers simi¬ 
lar to the proverbial descriptions of the 
elephant. In spite of the many advances 
in this field, the range of interests has in 
fact broadened rather than narrowed. 
But, today there is a much wider appre¬ 
ciation of the interrelatedness of the 
various areas of glycoprotein research, 
and in such a climate this book with its 
broad scope should succeed very well. 

Briefly, glycoproteins are molecules in 
which conventional polypeptide chains 
are chemically linked to complex carbo¬ 
hydrates. This definition includes at one 
extreme soluble enzymes, in which the 
tiny carbohydrate groups play no de¬ 
tectable roles, and, at the other extreme, 
materials such as those from connective 
tissues, which are essentially carbohy¬ 
drate in nature. This diversity of struc¬ 
tures explains the diversity of research 
areas in which glycoproteins figure. 

During the past decade a number of 
major breakthroughs have contributed to 
the unusual but well-documented view we 
have of the biosynthesis of a major class 
of glycoproteins, It appears that as these 
glycoproteins are assembled a large, bulky 
carbohydrate group is added, and that 
during their migration to the cell’s exte¬ 
rior this carbohydrate group Is trimmed 
to provide an abbreviated core. This core 
can then be decorated in a number of 
different ways, The processing pathway 
thus generates the enormous variety of 
structures found on mature glycoproteins 
from a common precursor, and this great 
variety in turn gives rise to the tenet that 
these carbohydrate-laden molecules are 
involved in the intercellular exchange of 
information. 

The book contains a number of well- 
written and informative chapters by 
people who have made significant con¬ 
tributions in the areas concerned. The 
diversity of glycoprotein structures, the 
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carbohydrate-recognition proteins, and 
the biosynthesis of glycoproteins are 
comprehensively reviewed. This last area 
includes the by-now conventional bio¬ 
chemical approaches and the more recent 
application of genetic approaches. How¬ 
ever, little space is given to aspects less 
closely related to biochemistry, such as 
the evolutionary origins of these complex 
pathways and how they are regulated. 
The major contribution that biochemistry 
can make to modern cell biology is to 
correlate structure with function. Perhaps 
an understanding of how the assembly of 
these structures is regulated will be the 
next growth area in this field. The last 
chapter is a long review of proteoglycans. 
It is entirely appropriate that the spec¬ 
tacular increase in our knowledge of these 
materials should be documented by a 
scientist who has been involved in so 
much of this discovery. 

This excellent book will provide both 
commuter reading for the congnoscenti 
and an invaluable guide for the neophyte 
who finds himself unable to avoid glyco¬ 
proteins any longer.—Raymond J. Ivatt, 
Biology, Center for Cancer Research, 
MIT. 


Advances in Lipid Research, Vol. 17. 
Rodolfo Paoletti and David Kritch- 
evsky, eds. 308 pp. Academic Press, 
1980, $31. 

The transport and metabolism of cho¬ 
lesterol are areas of great research effort 
which provides a steady flow of experi¬ 
mental results to be evaluated by inter¬ 
ested scientists. Thus, reviews of these 
topics which help in this evaluation are 
welcome. The first four chapters of this 
volume cover the structure and metabo¬ 
lism of high-density lipoproteins, cho¬ 
lesterol metabolism in hyperlipidemias, 
and the relationship of polyunsaturated 
lipids to cholesterol metabolism. The in¬ 
dividual presentations vary from the 
comprehensive survey to the promotion 
of a particular viewpoint. 

The fifth chapter on lipid peroxidation 
brings into view, in a comprehensive way, 
much of the Russian work in this field. 
The last chapter makes a case for the use 
of membrane-bound cooperative enzymes 
for studying membrane structure; the Hill 
coefficient being a very sensitive expres¬ 
sion of function. Thus, although the vol¬ 
ume lacks topical cohesiveness, it is a 
useful addition to the series.— Patrick 
Fleming, Biochemistry, Georgetown 
University Medical School 


Screoning for Cancer:Theory, Analysis, 
and Design. David M. Eddy. 308 pp. 
Prentice-Hall, 1980. $29.95. 

The intricate dynamics of screening for 
cancer are well illustrated in this neatly 
organized text. Special indications of the 
complexity or importance of individual 


sections provide a useful feature for 
readers who wish to skim without losing 
much in the process. 

The book is geared primarily for a 
mathematically sophisticated audience. 
Using Bayesian conditional probability, 
the author develops a general theory of 
screening for cancer by analyzing the 
breast cancer problem using the funda¬ 
mental assumption that prognosis is a 
function of the earliness of detection. The 
supporting data for this assumption 
consist of a single randomized clinical trial 
in breast cancer, but the theory is gener¬ 
alized and applied to cancer of the colon, 
cervix, lung, and bladder. Dissenting 
critics would demand further verification 
of the fundamental assumption before 
accepting Eddy’s analysis or, in fact, the 
value of screening. 

A refreshing feature of the book is that 
the author seems fully cognizant of the 
limitations of his mathematical model. He 
regularly points out the significant prob¬ 
lems of acquiring reliable estimates that 
can allow meaningful predictions with any 
model. Despite the appeal of the mathe¬ 
matical models, the real challenges in 
screening are to design, execute, and an¬ 
alyze research that will directly provide 
the data needed for intelligent clinical 
judgments. The book is a valuable con¬ 
tribution to theoretical features of 
screening Jackie Chuong, Johnson 
Clinical Scholar Program, Yale Univer¬ 
sity School of Medicine 
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doing research, rather than an organized 
presentation of the results of research, the 
author has treated these studies in the 
framework of the most important com¬ 
ponents of grizzly life history, In this way 
he includes many of the important new 
data on the ecology and behavior of this 
bear and does it in a highly readable 
style. 

The final chapter, devoted to the bitter 
controversy between the Craighead 
brothers and the National Parks author¬ 
ities, is a sad commentary on the impact 
of politics on wildlife research and man¬ 
agement. To me this account does not 
merit the forty pages devoted to it, 

This is a book that all students of North 
American wildlife will want to own. It is 
a fascinating and often inspiring account 
of research conducted with enthusiasm, 
imagination, and fortitude, -Ian 
McTaggart Cowan, Zoology, University 
of British Columbia, Vancouver 


Social Behavior and Communication, 
P. Marler and J, G. Vandenbergh, eds, 
Handbook of Behavioral Neurobiology, 
3.411pp. Plenum, 1979. $39.50, 

The title of this volume is so broad that 
any number of diverse topics could have 
been included. The editors, however, kept 
the selection focused and the quality high, 
With only seven chapters, the authors 
have ample room for detailed treatments, 
and most provide large bibliographies—it 
is impressive to see how the literature on 


Medical, Legal, and Engineering As¬ 
pects, George A. Peters and Barbara J. 
Peters, Safety Management. Unpaged. 
Garland STPM, 1980. $46. 

A very useful guide for anyone con¬ 
templating bringing or defending a law¬ 
suit involving the medical consequences 
of asbestos exposure, this book devotes 
40% of its pages to a good chronological 
bibliography and selected references. 
Medical aspects, allotted 5%, are briefly 
touched upon, as are controls and pro¬ 
tection for worker and consumer. Gov¬ 
ernment regulations in the United States 
and elsewhere are also mentioned. As a 
general introduction to the subject, this 
work is one-sided but does refer the 
reader to a wide-ranging literature in¬ 
cluding many books and reviews.—Vir¬ 
ginia Littau, The Rockefeller Univer¬ 
sity 


Track of the Grizzly. Frank C. Craig¬ 
head, Jr. 261 pp. Sierra Club, 1979. 
$10.95. 

This is an account of thirteen years of 
research on the grizzly bear in Yellow¬ 
stone National Park by John and Frank 
C. Craighead—perhaps the most ad¬ 
venturous research task undertaken on a 
North American wildlife species. 
Although the book is an account of 


social behavior has exploded in this dec¬ 
ade. The chapters are, nonetheless, suf¬ 
ficiently diverse and intense to make it 
difficult to digest the book at one reading; 
many will inspire fruitful rumination. 

Only the chapter by Green and Marler 
deals explicitly with communication. It is 
an abstract but timely piece, appearing 
contemporaneously with critical articles 
advocating an alternative games-theory 
(manipulative) approach to communica¬ 
tion. The “manipulative” school will now 
cite this chapter as the most recent overt 
statement that social communication re¬ 
sults from “coevolved, bidirectional signal 
production and perception.” Many other 
issues here will excite replies, and etho¬ 
logists will need to question the utility of 
the models taken from linguistics. 

Adler has written a crisp review of the 
interactive nature of social behavior and 
physiology, mostly concerning mammals, 
Mason has tried to put into a modern ev¬ 
olutionary framework the puzzle of why 
maturity is so delayed in humans; while 
the author has provided a fascinating 



say, he seems to have confused r- and 
selection with niche breadth, produc- 
! an internal contradiction. Krebs’s 
dele on foraging is excellent, but rather 
e previously published papers. Waser 
d Wiley’s essay breaks out of the tra- 
ional scheme of homerange-territori- 
Ami-nanr'd finfi it, nifip.lv relates re- 
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sources to use of space, and use of space to 
social system. Wittenberger presents a 
tightly documented article on mating 
systems of birds and mammals, forged 
around the polygyny-threshold model; 
unfortunately, the presentation is often 
Panglossian and too frequently ultimate 
and proximate factors are interwoven. No 
such book would be complete without a 
treatment of kin selection; this is covered 
by Vehrenkamp in a commendably dis¬ 
passionate essay on levels of selection. 

This is a volume well worth having. It 
could have profited, however,, from 
shorter chapters and the elimination of 
the redundancies between them— George 
W, Barlow, Zoology and Museum of 
Vertebrate Zoology, Unioersity of Cali¬ 
fornia, Berkeley . 


Ecology and Environment 

Handbook of Environmental Health 

and Safety: Principles and Practices. 

Herman Koren. 698 pp, Pergamon 

Press, 1980. $95 cloth. Paper, 2 vols., 

$25.50 each. 

The range of subjects reviewed here 
spans food protection, air quality, rodent 
control, institutional environment, rec¬ 
reational environment, solid waste man¬ 
agement, swimming areas, and similar 
topics. The stated purpose is to provide 
both a basic textbook and a reference 
source, Surprisingly, the author accom¬ 
plishes this dual assignment with a high 
degree of competence. 

Do not expect to find a highly advanced 
or innovative approach. Discussion of pest 
control still emphasizes chemical pesti¬ 
cides, not an integrated management 
method, although the hazards of chemical 
pesticides are cited, The chapter on oc¬ 
cupational environment is primarily a 
catalogue of hazards, and relatively little 
is said about corrective strategies, such as 
environmental controls or worker educa¬ 
tion, Accepting these limitations, the 
material is sensibly ordered, The writing 
is clear, concise, and consistent, and an 
extensive bibliography provides guidance 
to more specialized sources. One can 
quibble over definitions and selection of 
subjects, but no other environmental 
health reference currently available pro¬ 
vides the same comprehensiveness, 
freshness of scientific detail, and consis¬ 
tent quality of preparation, 

The Handbook reflects the mood of 
environmental health today. By the 1950s, 
when the Sanitary Revolution had suc¬ 
cessfully educated the public on the need 
for microbial cleanliness in water and 
food, environmental health studies usu¬ 
ally meant mundane training of restau¬ 
rant inspectors or operators for water 
treatment plants. This changed during 
the heady years following the appearance 
of Rachel Carson’s Silent Spring, as the 
public awoke to the impact of advanced 


industrial technology on the natural en¬ 
vironment. Significantly, resulting gov¬ 
ernmental programs were centered in new 
agencies, such as the U.S. Environmental 
Protection Agency, and not in the mori¬ 
bund departments of health which could 
not respond to the broader frame of ref¬ 
erence, But neither could human health 
considerations be omitted. Now envi¬ 
ronmental health is benefiting from the 
movement back to basics—in this case, 
protection of human health and conser¬ 
vation of resources, Thus, we find the 
Handbook acknowledging ecosystem 
dynamics, energy cycles, and chemical 
transport but emphasizing health impli¬ 
cations. Wise progress is being made.- 
Granuille H. Sewell, Division of Envi¬ 
ronmental Sciences, Columbia Univer¬ 
sity, 

Copper in the Environment, Part 2: 

Health Effects. Jerome 0. Nriagu, ed. 

Environmental Science and Technol¬ 
ogy. 489 pp. John Wiley-Interscience, 

1979. $44.95. 

Part 1 of this work dealt with sources, 
distribution, behavior, and flow of copper 
in the environment, while Part 2 ad¬ 
dresses deficiencies and excesses and their 
effects on living organisms ranging from 
microorganisms to humans. The authors 
are well known for their research on the 
role of copper in biochemical reactions, 
development, pathology, and interactions 
with other elements, 

In this volume, emphasis is placed on 
copper toxicity, but the approach, is bal¬ 
anced, as is appropriate in considering an 
element that is essential for health and 
development as well as potentially toxic 
in higher concentrations. The metabolic 
effects of deficiency of copper—detri¬ 
mental changes in embryonic develop¬ 
ment, growth depression, poor utilization 
of iron, and alterations in bone develop¬ 
ment—are explored in several chapters. 
The way copper functions as a part of 
enzymatic systems both intra- and inter- 
cellularly is covered well in discussions of 
copper utilization, physiology, and pa¬ 
thology, both in deficiency states and 
under normal or toxic conditions. Ex¬ 
perimental studies reported are wide 
ranging and exhibit a considerable re¬ 
search interest in copper as a vital part of 
the metabolism of living organisms, in¬ 
cluding humans, 

The extensive use of copper as a toxic 
agent to control undesirable organisms is 
explored from the standpoint of mecha¬ 
nisms of toxicity, effectiveness of different 
compounds, and the susceptibility of 
different organisms to various concen¬ 
trations of copper, especially in the 
aqueous environment. 

This volume is a good reference both for 
investigators interested in the funda¬ 
mental biochemical roles of trace ele¬ 
ments, especially copper, and for physi¬ 
cians and others concerned with problems 
of copper deficiency, genetic diseases in¬ 


volving copper, and the infrequent cases 
of copper toxicity in humans, as well as 
toxicity of copper for other organisms. It 
is an excellent summary of our present 
state of knowledge about the health ef¬ 
fects of copper, whether present in ade¬ 
quate, inadequate, or toxic levels in the 
environment, considered in the broadest 
sense.— George K. Davis, Emeritus Pro¬ 
fessor, Institute of Food and Agri¬ 
culture Sciences, University of Florida 


Odors from Stationary and Mobile 
Sources. National Research Council, 
Board on Toxicology and Environ¬ 
mental Health Hazards, Assembly of 
Life Sciences. 491 pp. National Acad¬ 
emy of Sciences, 1979. $20.50 paper. 

“Smell” may be the least studied of 
man’s five senses and is certainly the least 
familiar, This hook, prepared by an NRC 
committee of experts drawn from con¬ 
sulting firms, industry, and academia, 
provides a balanced review of much of 
what is known about the human olfactory 
apparatus and how we perceive odor. It 
presents the health and “welfare" prob¬ 
lems associated with odor, techniques for 
its measurement by both humans anti 
instruments, and general principles for its 
control. The book also suggests the po¬ 
tential of some econometric models for 
assessing the benefits of pollution control, 
and addresses the legal aspects of odor 
and some of the problems of proposing 
national standards based on the knowl¬ 
edge available. Each chapter appears to 
have had different authorship: the level 
of presentation, readability, and extent of 
documentation by reference citation 
varies. However, for anyone having to 
teach, study, or deal with odor, this book 
is probably essential and seems to be the 
best single source of informationavail¬ 
able.— Ralph F. Goldman, Military Er¬ 
gonomics, U,S, Army Research Institute 
of Environmental Medicine, Natick, 
MA 


Chlorofluorocarbons in the Environ¬ 
ment: The Aerosol Controversy. T. M. 

Sugden and T. F. West, eds. 183 pp. 

Halsted Press, 1980. $57.96. 

Most of us are aware that the chlo¬ 
rofluorocarbons F-ll and F-12, commonly 
known by the trade name Freon, pose an 
environmental threat, In the United 
States, the use of these chlorofluorocar¬ 
bons for aerosols (spray cans) has ben 
banned, and the problem of regulating 
their use in refrigeration and polyure¬ 
thane foam manufacture is understudy. 
What most of us do not know is that, ex¬ 
cept for Sweden, Norway, and Holland, 
the other nations of the world do not 
consider the aerosol problem to be very 
important. 

This very readable book presents the 
European viewpoint: it is a well-edited 
compilation of material presented at the 


Fluostat ‘78 Symposium organized by the 
Society of Chemical Industry. It includes 
clear, concise reviews of the scientific 
background and of industry’s view of the 
problem, the measures manufacturers are 
taking to help with the needed research on 
the environmental aspects, and their 
search for satisfactory alternatives to F-ll 
and F-12 as propellants and foaming 
agents, 

European industrial representatives 
believe that the United States is over¬ 
reacting. In this book they point out that 
industry initiated studies on the fate of 
chlorofluorocarbons in the atmosphere 
before environmentalists became con¬ 
cerned. Industry supported Lovelock’s 
pioneering surveys and immediately re¬ 
sponded to the concern caused by the 
Rowland-Molina hypothesis by expand¬ 
ing the industry-sponsored university 
research program. In addition, industrial 
representatives point out inconsistencies 
between theory and observations, and 
argue logically that a chlorofluorocarbon 
threat to the environment has not yet 
been proven. 

Because the fluorocarbon problem has 
been studied with greater intensity and 
sophistication than any other environ¬ 
mental problem and is still unresolved, 
the book is valuable reading for all of us 
interested in environmental issues.—/. G. 
Poppoff, Flick Point Associates, Cor¬ 
nelian Bay, CA 


Survey of Contemporary Toxicology, 

Vol. 1. Anthony T. Tu, ed. 357 pp. 

Wiley-Interscience, 1980. $39.50. 

This handy volume, the first in a pro¬ 
jected series, is another attempt to pop¬ 
ularize an exciting, newsworthy discipline. 
Although better than many such texts, it 
nevertheless fails to express the under¬ 
lying science and tends instead toward 
description. The book contains seven 
chapters, three dealing with chemical 
agents (industrial toxicology, water pol¬ 
lutants, and food additives) and four with 
toxins (foodborne diseases and bacterial, 
plant, and marine agents). The book ap¬ 
pears to be directed at'undergraduates 
and interested laypeople. The reader 
should not be put off by a hesitant intro¬ 
duction and occasionally numbing prose 
but should instead take advantage of the 
bibliography to enter into the world of 
chemical-biological interactions.— Robert 
A. Scala, Toxicology, Research and En¬ 
vironmental Health, Exxon Corporation, 
East Millstone, NJ 


Ecology and Coal Resource Develop¬ 
ment, Vols. 1 and 2. Mohan K. Wali, 
ed. 1091 pp. Pergamon Press, 1979. 
$135. 

The first three sections of this two- 
volume work based on the International 
Congress for Energy and the Ecosystem 


(Grand Forks, ND, 1978) consist of 41 
background papers on environmental 
planning, economic, social, and legal as¬ 
pects of coal development. Although 
several are trivial, there is substance in 
others, and as a whole the papers serve 
well the purpose of introducing some of 
the complexities of coal development, 
The interesting and important fourth 
section, entitled “Principles and Practice 
of Reclamation,” contains 85 articles, 
about two-thirds of the total. Represen¬ 
tatives of government, industry, and col¬ 
leges from a dozen countries discuss ideas, 
research, and experiences concerned with 
the reclamation of land disturbed by coal 
development. Due attention is given to 
several important themes—selection of 
suitable plants, soil chemistry, soil biol¬ 
ogy, hydrology, and the possible use of soil 
amendments (coal ash, sewage sludge, 
garbage mulch, lime)—and experiences 
with several kinds of mine spoils in several 
kinds of climates are described. The value 
of these volumes lies chiefly in the col¬ 
lection of successful and unsuccessful 
experiences in reclamation. They provide 
ideas and methods that will be useful 
guides, but it is clear that much more ex¬ 
perience, research, and thoughtful anal¬ 
ysis will be required before reclamation of 
land, particularly in arid climates, can be 
planned with reasonable expectation of 
long-term success ,—Charles A. Walker, 
Engineering and Applied Science, Yale 
University 


Lead Toxicity. R. L. Singhal and J. A, 

Thomas, eds. 514 pp. Urban and 

Schwarzenberg, 1980. $39.50. 

The editors of this book have made a 
serious and mostly successful effort to 
bring together noted researchers in the 
field to write on various aspects of lead 
toxicity. The organization of the book into 
16 independently written chapters, with 
no attempt to relate any one of them to 
those coming before or after, reflects both 
the strength and the weaknesses of this 
approach. 

The strength lies in the fact that—in 
order to make each chapter an authori¬ 
tative statement of a particular aspect of 
lead toxicity—the authors provide a fairly 
exhaustive survey of the background bi¬ 
ological information necessary to under¬ 
stand the mechanisms of lead toxicity as 
currently perceived. This makes the book 
valuable to a very large readership, from 
the clinician to the researcher to the 
graduate student, although its value to the 
clinician will be mainly in the information 
it provides on basic mechanisms. The 
contributors have been selected from the 
experimental field, and the information 
they present is not meant to serve as a 
guide to a practitioner faced with lead 
toxicity in the clinic. 

The weakness of the book comes from 
two aspects that are closely related. First, 
because of the independent structure of 


Scientific 

Theory 

from 

Princeton 

Theory and 
Evidence 

CLARK GLYMOUR 
Analyzing the structure and 
implications of attempts to 
establish their relevancy, 
Clark Glymour develops an 
account of the relationship 
between scientific evi¬ 
dence and scientific theory, 
and applies this account to 
contemporary social and 
natural sciences, as well as 
to a number of important 
episodes in the history of 

ccionro 

Cloth, $25.00 Limited 
Paperback Edition, $9.95 

Theory of Stellar 
Pulsation 

J.P.COX 

Variable stars were among 
the first categories of 
unusual objects in the sky 
to be studied by modern 
astrophysical methods. 
Among them, the pulsating 
stars, which owe their 
variability to periodic 
expansion and contraction, 
have been most important in 
determining the distance 
scale of the universe and the 
chemical composition of 
stars, and in studying a 
variety of special effects in 
the stellar interior. Covering 
both radial and nonradial 
oscillations, this book 
includes not only a thorough 
treatment of the basic theory 
of stellar pulsation but also 
a comprehensive synthesis 
of the most recent work 
done in this area in the past 
twenty years. 

Princeton Series in 
Astrophysics, 2 
Cloth, $40.00. Paper, $13.50. 

Princeton 
University Press 

Princeton, New Jersey 08540 


700 American Scientist, Volume 68 


1980 November-December 701 






each chapter, there is inevitable overlap, 
a drawback that becomes particularly 
evident in the last third of the book, where 
several chapters deal with the effects of 
diet and trace elements on biological 
systems in general and on lead toxicity in 
particular, This leads to the second 
weakness, which has become a prevalent 
problem among editors lately, namely 
that they do not attempt to integrate 
chapters in such a way as to give the book 
an overall tone, The role of the editors 
seems to be limited to gathering the ma¬ 
terial. Insofar as the material here is, for 
the most part, of great value to those in¬ 
terested in the basic mechanisms of lead 
toxicity, however, the editors have made 
a valuable contribution,-- Zoltan Annau, 
Environmental Health, Toxicology, 
School of Hygiene and Public Health, 
Johns Hopkins University 


Behavioral Sciences 


The Conceptual Basis of Language. 

David McNeill. 306 pp, Halsted Press, 

1979. $19,95. 

This is a very difficult book to review, 
because it is at the same time very bad 
and very good, Its style and spirit re¬ 
peatedly reminded me of Werner and 
Kaplan’s Symbol Formation (1963), a 
book that shares many of the same flaws 
but that ultimately became influential as 
readers grew into its novel ideas and dif¬ 
ficult prose. 

As the title suggests, this book is about 
the union between language and thought, 
McNeill quite rightly criticizes some 
current theories of cognition and language 
for assuming that the two domains “look 
alike” in some overly simple way (e.g. that 
word order directly mirrors the order of 
thoughts), However, he suggests that the 
dynamic tension between language and 
underlying conceptual structure is indeed 
in the direction of forging a more perfect 
union, 

The key organizational concept in this 
processing model (which McNeill care¬ 
fully separates from traditional grammars 
without real-time relations) is the syn¬ 
tagma—simultaneously a sensorimotor 
meaning structure (e.g, reflecting actor/ 
action/patient relations) and a motor- 
planning unit for speech. The basic ele¬ 
ments and relations in the syntagma are 
derived from primitive sensorimotor 
meanings, the ontogenetic and (in 
McNeill’s framework)microgenetic origins 
of speech. But the temporally cons trained 
speech-planning process conforms to the 
conventional linear rules of the lan¬ 
guage. 

Sensorimotor ideas like agent/action/ 
patient impose their form on more ab¬ 
stract thoughts (e.g. “Virtue defies defi¬ 
nition”) by a process called semiotic ex¬ 
tension. This metaphoric process reduces 
the number of forms that nonlinguistic 
ideas can take into a manageable set, 


easily organized for the motor planning of 
speech. They play the role that deep 
structures have played in other processing 
models derived from transformational 
grammar. 

However, insofar as sensorimotor con¬ 
cepts are also by definition action struc¬ 
tures, they are (unlike deep structures) 
ideally suited for use in the active process 
of motor-speech planning. McNeill be¬ 
lieves that he has finessed the old causal 
argument in language/thought relations 
by isolating these syntagmata, which 
transcend and unite thought and speech. 
In digesting this notion, I found the most 
compelling analogy to the Werner and 
Kaplan book in the mysterious yet at¬ 
tractive notion of physiognomization that 
those authors offer to explain the union of 
names and referents. McNeill is doing 
much the same thing with grammar. Like 
the physiognomization process, McNeill’s 
syntagmata seem intuitively right, but I 
don’t fully understand them. 

The worst flaw of the book is that the 
prose is very hard to read. Clearer writing 
would have aided the presentation of 
difficult ideas. A second problem pertains 
to the various brief reviews of literature on 
speech production, comprehension, and 
language development. These reviews are 
scant, occasionally quite wrong (as in 
McNeill’s interpretation of Slobin’s views 
on morphology and word order in Turk¬ 
ish), and overly selective to make the au¬ 
thor’s point, A broader and deeper review 
of this literature probably would not 
support the interpretations that he wants 
to make. A third problem is that McNeill 
wanders into the terrible domain of 
Peircian semiotics to seek a language for 
his theory .-The long segments on indexi- 
cal, iconic, and symbolic sign systems are 
painful and confusing. I think that the 
main points of the book would have car¬ 
ried well without them. I felt like writing 
one of those notes we put in the margins 
of term papers: “Say this in your own 
words,” 

On the other hand, there is much to 
recommend this book. McNeill has 
opened an exciting new line of inquiry 
into the relationship between speech and 
gesture. He proposes that the sensori¬ 
motor structure of speech becomes 
transparent when we look at the planning 
units, orientations, direction of move¬ 
ment, etc, in language-accompanying 
gestures. Also, the use of graph theory to 
describe conceptual structures is a re¬ 
freshing break from familiar notational 
systems in other psycholinguistic work. 
McNeill has proposed the use of Parallel 
Augmented Transition Networks to de¬ 
scribe parsing and planning nf specific 
linguistic forms like the passive and the 
cleft. These procedures, unlike traditional 
ATNs, carry out many aspects of organi¬ 
zation in parallel. The specific examples 
that McNeill provides seem plausible and 
new. 

Unfortunately, the most interesting 
parts are in the second half, and I fear that 


many readers may not make it that far. 
The book, for all its flaws, is well worth 
reading for its fresh perspective. McNeill 
may have made a very important contri¬ 
bution here, but it will take some time for 
the book to have its full impact on the 
field.— Elizabeth Bates, Psychology, 
University of Colorado 

Processing of Visible Language. Vol, 1. 
Paul A. Kolers, Merald E. Wrolstad, 
and Herman Bouma, eds. Proc. Conf., 
Institute for Perception Research, 
Eindhoven, 1977. 537 pp. Plenum, 
1979. $39.50. 

The symposium that gave rise to this 
volume represented an effort to assemble 
psychologists of reading and information 
processing, graphic designers, and infor¬ 
mation engineers. Its aim was to encour¬ 
age interaction among the disciplines so 
that psychological theories might inform 
and influence information technology. 

Collectively, the 33 chapters cover a 
comprehensive range of topics, from quite 
basic to highly applied, but there is little 
evidence of the intended interdisciplinary 
cross-fertilization. Short introductions 
attempt to interrelate chapters under 
common section heads, but critical inte- 


i are missing. 

The book has five sections: (1) eye 
movement in search and reading; (2) de¬ 
sign of graphic language; (3) word per¬ 
ception; (4) perceiving and producing; and 
(5) technological media for visual pre¬ 
sentation, Contrasts are notable among 
sections, and quality is inconsistent 
within them. The sections on psycholog¬ 
ical processes (1, 3, 4) are generally 
stronger than the others. The former tend 
to be theoretical, whereas the latter are 
largely descriptive and atheoreticat. This 
difference may reflect a discrepancy in the 
development of the separate disciplines. 
The psychology of reading has a long 
theoretical history, but information- 
processing theory is relatively young. 
However, in 1977 there were important 
advances in cognitive science which 
should have been represented here. The 
exception is “Non-serial Language," by 
Wiseman and Linden, which applies 
transition networks, used for modeling 
natural language, to the modeling of 
nonlinear structures. 

One general feature sets this volume 
apart from others like it—each section is 
introduced by a tutorial paper, and these 
are probably the best chapters of the col¬ 
lection. The authors deserve mention: 
Levy-Cohen and O’Regan, Twyman, A, 
Allport, Massaro, and Rosenthal. The 
style, scope, and extensive bibliography \ 
will be appreciated by graduate students. * 
Publishing the tutorials along with the 
several other outstanding chapters in 
paperback would be a valuable and af¬ 
fordable complement to the complete 
version .—Phyllis A. Weaver, Hunan 
Development and Reading, Hamri 
University Graduate School of Educa¬ 
tion 


Psycholinguistic Research: Implica¬ 
tions and Applications. Doris Aaronson 
and Robert W. Rieber, eds. 534 pp. 
Halsted Press, 1979. $29.95. 

The editors of this volume have suc¬ 
ceeded in their stated intent to assemble 
a collection of papers in which “psychol¬ 
ogists and linguists... combine efforts in 
a truly interdisciplinary fashion.” Indeed, 
scholars accustomed to viewing psychol¬ 
inguistic issues from a narrow range of 
theoretical or methodological standpoints 
may be surprised at the extreme diversity 
represented in the sixteen chapters of this 
book. Although the individual contribu¬ 
tors vary in their degrees of interdisci¬ 
plinary awareness, the ensemble of their 
ideas conveys forcefully the diversity and 
complexity of the problems facing every 
scientist who attempts research on the 
relationship between language and men- 


naiurai selection ana human social be¬ 
havior, including culture. The debate in 
these articles is less between behaviorists 
and hereditarians than between two 
schools of social evolution, Strong criti¬ 
cism is directed at those ecologists and 
cultural materialists who favor some kind 
of group selection over selection on the 
level of the individual organism. The case 
for selection (the environment working on 
genes and/or cultural behavior) on the 
individual level is well stated, particularly 
by Durham. 

One thing neither the theoretical nor 


is whether or not these particular so¬ 
ciobiologists are talking about genetics at 


The discussions range from the strictly 
empirical (e.g. Aaronson’s experiments on 
string coding) to the extremely theoretical 
(cf. Langendoen’s chapter, “The Role of 
Grammar in the Use of Language”), and 
from expositions of established analytical 
frameworks (e.g. Schane’s chapter on 
generative phonology) to more speculative 
works guaranteed to inspire controversy 
among both linguists and psychologists 
(e.g. Osgood’s “What Is a Language?”). 
Two of the chapters, “Conversational 
Rhythms," by Jaffe, Anderson, and Stern, 
and Howes’s “The Naming Act and Its 
Disruption in Aphasia,” would be equally 
well suited to a volume on physiological 
psychology. All the contributions are well 
written, and all—with the exception of a 
rather weak chapter by Salzinger on 
"ecolinguistics”—stimulating and infor¬ 
mative. 

The prospective buyer should be aware 
that this is primarily a survey of current 
research, not a textbook. Moreover, be¬ 
cause of the technical nature of some of 
the chapters and the amount of linguistic 
knowledge presupposed by others, it is 
not suitable for the layman desiring a 
general introduction to psycholinguistics. 
It should, however, provide a useful ser¬ 
vice to linguists, psychologists, and neu¬ 
roscientists who feel a need to expand 
their horizons into related disciplines.— 
Karen E. Hermann, Mathematics and 
Statistics, University of Massachusetts 

Evolutionary Biology and Human So¬ 
cial Behavior: An Anthropological 
Perspective. Napoleon A, Chagnon and 
William Irons, eds. 623 pp, Duxbury 
Press, 1979. $16.95. 

All advocates and opponents of socio- 
biology should read this book, which is the 
result of two symposia held at the 1976 
meetings of the American Anthropologi¬ 
cal Association. The papers cover a wide 


topics as inclusive fitness, kin selection, 
and parental investment fudge the issue 
of genes versus culture by claiming only 
that the behaviors in question fit one or 
another sociobiological hypothesis. Dur¬ 
ham uses this ambiguity positively by 
suggesting coevolution through selection 
for genetic and nongenetic behavior, but 
sociobiology as a subject cannot have 
things both ways and still make a strong 
claim for its application to human genetic 
evolution. 

The overall paradox of the book can be 
seen in those substantive articles that 
infer inclusive fitness by demonstrating 
that certain behaviors protect kin. But the 


just as well be an artifact of the social 
process more akin to drift than to selec¬ 
tion.— Alexander Alland, Jr., Anthro¬ 
pology, Columbia University 

Personal Relationships: Their Struc¬ 
ture and Processes. Harold H. Kelley. 

169 pp. Halsted Press, 1979. $16.50. 

This slim but tightly packed book 
applies the theoretical analysis of inter¬ 
dependence developed in Kelley and 
Thibaut’s Interpersonal Relations (1978) 
to the interpretation of close personal 
relationships. Illustrative empirical re¬ 
sults from Kelley’s own ongoing research 
program are brought to bear. The book is 
not for casual reading, but readers may 
find it more accessible than the major 
treatise. It convinces me that “exchange 
theory” is a bad label forthe Kelley-Thi- 


more the power and subtlety of outcome 
matrices and their transformations in 
these expert hands. 

Most impressive as a step ahead in so¬ 
cial psychological theorizing is the way in 


substantive material. Three excellent in¬ 
troductory articles (Irons, Durham, 
Alexander) discuss relationships between 


analysis with a serious treatment of dis¬ 
positional concepts, At this stage, social 
psychological theory gains more from the 
close consideration of enduring significant 
personal relationships than a marriage 
counselor with practical concerns could 
gain from the theory, but it is now easy to 
believe this state of affairs to be a tem¬ 
porary one.— M. Brewster Smith, Psy¬ 
chology, University of California, Santa 
Cruz 



ANNOUNCEMENT 

The Administrative Committee of the 
Technical University of Crete is pleased to 
announce the launching of 30 professorial 
positions in the areas of Mathematics, 
Physics, Chemistry, Meghanics, Electrical 
and Electronic Engineering, Computer 
Science, Chemical Engineering and Met¬ 
allurgical Engineering. 

These positions will belong to the 
following three departments: 

General Engineering 
Electrical Engineering 
Chemical Engineering 

It Is expected that the official an¬ 
nouncement of the openings specifying the 
academic areas and procedures for sub¬ 
mitting candidacies will be announced by 
the end of the year and that it will be widely 
publicised. The establishment of 30 more 
positions will follow in the near future. 

It Is also announced that the Tech¬ 
nical University of Crete will consist of three 
Schools each one of which comprises 
departments as follows. 

1. School of Technical Sciences, with 

departments of: 

a) Electrical Engineering 

b) Mechanical Engineering 

c) Chemical Engineering 

d) Civil Engineering 

2. School of Applied Sciences, with 

departments of: 

a) General Engineering 

b) Technical Education 

c) Engineering Management 

d) Geotechnical & Biological Sci¬ 
ences 

3. School of Architectures Regional 

Planning, with departments of: 

a) City Planning 

b) Architecture 

c) Regional Planning 

d) Arts 

TECHNICAL UNIVERSITY 
OF CRETE 


Administrative Committee 
Zaimi 2, Athens 148-GREECE 
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The Craft of Social Anthropology. A. 

L. Epstein, ed. 263 pp. Pergamon Press, 

1979. $20. 

When first published in 1967, this set 
of essays on field methods filled a real gap 
in the contemporary anthropological lit¬ 
erature. Despite numerous publications 
during the intervening years, this reissue 
is still very welcome; the collection re¬ 
mains the best available exposition of 
field methods in social anthropology. 

The text consists of nine chapters 
contributed by eight distinguished social 
anthropologists, all of whom worked with 
the late Max Gluckman at the former 
Rhodes-Livingstone Institute, Lusaka, 
Northern Rhodesia (Zambia), and later at 
the Department of Social Anthropology, 
Manchester University. Following an In¬ 
troduction by Gluckman, the essays are 
grouped in two sections, the first dealing 
with orientations and techniques, the 
second with various topics and methods 
for studying them. 

In the first part, Colson outlines the 
group’s technique for intensive study of 
small communities, Mitchell discusses the 
conditions, methods, and value of quan¬ 
tification in social anthropology, and 
Barnes illustrates problems that arise in 
calculating divorce frequencies and in 
collecting and analyzing genealogical 
data. This section concludes with an ac¬ 
count of the school’s methods of ex¬ 
tended-case study and situational analy¬ 
sis by van Velsen. 

These approaches and techniques are 
applied in Part 2 to selected topics: T, S. 
Epstein describes the systematic study of 
rural economies, Turner the documenta¬ 
tion and analysis of ritual and shamanism, 
Alfred Epstein the use of case data to 
study law and disputes, and Marwick the 
application of case data to studies of 
witchcraft. Thus, besides participant 
observation, village censuses, and other 
systematic surveys designed to facilitate 
statistical analysis, this volume stresses 
and illustrates the value of situational 
analysis and case methods for the study 
of various important ethnographic topics. 
The book is of equal value to the profes¬ 
sional concerned with social anthropo¬ 
logical field methods and to teachers of 
advanced studies in social science. —M, G, 
Smith, Anthropology, Yale University 


Modeling Change in Prehistoric Sub¬ 
sistence Economies. Timothy K. 
Earle and Andrew L. Christenson, eds. 
Studies in Archaeology, 261 pp. Aca¬ 
demic Press, 1980. $24.50. 

This volume is a tightly knit collection 
of well-written essays applying formal 
modeling techniques to the analysis of 
human subsistence patterns in prehistory. 
The models offered are derived from op¬ 
timization and cost-minimization theory 
in economics; optimal diet, predator/prey, 
and niche theory in ecology; and decision 


theory and linear programming in applied 
mathematics. The result is a useful sam¬ 
pler of theory and method easily read 
even by those not familiar with these 
methods. 

The value of models is that they ne¬ 
cessitate explicit statement of assump¬ 
tions and contribute to explicit analysis 
of the relationships among variables. 
Comparisons of models and data help 
delineate the limits of the initial as¬ 
sumptions and suggest refinements of the 
model or reexamination of the data base. 
The models in this book should be taken 
(as intended) as analytical tools usable in 
this manner. 

The danger is that by their very for¬ 
mality models convey a sense of scientific 
rigor that disguises the arbitrary nature 
of simplifying assumptions and of quan¬ 
titative estimates as well as the frailty of 
the actual data. Archaeological data are 
difficult to quantify accurately; samples 
are hard to interpret at best, and they 
provide little information about many 
realms of behavior (e.g. ideology) that 
affect economic choices. The models in 
this book therefore necessarily presume 
strict economic rationality on the part of 
the actors and measure rationality in 
fairly simple terms amenable to ar¬ 
chaeological quantification. In addition, 
the simplifying assumptions employed 
often betray their authors’ predilections. 
For example, population size often looms 
larger as a determinant of the systems 
discussed than do other variables such as 
technology, climate, or social organiza¬ 
tion. Also, some authors make arbitrary 
assignments of value in controversial 
areas (such as the relative labor costs of 
hunting, gathering, and farming) where 
selection of different values would seri¬ 
ously affect the outcome of the analy¬ 
sis .—Mark N, Cohen, Anthropology, 
SUNY—Plattsburgh 
Gordon Childe: Revolutions in Ar¬ 
chaeology. Bruce G. Trigger, 207 pp. 

Columbia University Press, 1980. 

■ $22.50. . 

V. Gordon Childe (1892-1957) traced 
a lonely odyssey, skirting the shores of 
Marxism with little partisan commitment 
or philosophical rigor. Arguably he was 
also, and not entirely coincidentally, the 
most influential archaeologist who ever 
lived. This impersonal but penetrating 
intellectual biography traces an impor¬ 
tant chapter in the history of a science, 
persuasively maintaining that some of his 
key ideas remain relevant today, 

Childe was primarily a European pre¬ 
historian. His prolific and synthetic or¬ 
derings assumed an inexorable outward 
flow of technical expertise and “social 
surplus” from more advanced Oriental 
monarchies, That assumption led him in 
turn to more concise, popular accounts of 
the growth of antecedent Near Eastern 
civilizations. Later he began to recognize 
challenges to his ordering principle, but 


the still-continuing search for effective 
replacements was left to others, 

Trigger portrays Childe as partly en¬ 
meshed in, partly working beyond an es¬ 
tablished tradition. Most of his intuitive, 
relatively simple analytical devices ami 
assumptions were widely shared. He 
failed to recognize opportunities for new 
field-recovery techniques, quantitative 
analysis, and more systematic use of his¬ 
torical and ethnographic data. Trigger 
thus speaks of an “increasing fossiliza- 
tion” in Childe’s later years, his reliance 
of artifact typology trapping him in a kind 
of formalism while others overtook him. 

But Childe simultaneously went on 
boldly to replace cultural with social 
constructs, foreseeing that the latter 
would prove more powerful for compar¬ 
ative and developmental analyses. Also 
fundamentally rethought was his older 
technological determinism. Anticipating 
the “new archaeologists” of more recent 
vintage, he refuted their narrow view of 
history as descriptive chronicle rather 
than as a science of “perhaps unique 
conjunctures of general and familiar 
processes and patterns.” And he identi¬ 
fied archaeology as “preeminently a 
source of intelligible history rather than 
of generalizations claiming the dignity af 
natural laws.” Herein Trigger plausibly 
finds Childe’s major contemporary rele¬ 
vance .—Robert McC, Adams, The Or¬ 
iental Institute, University of Chicago 

Living Archaeology. R. A. Gould, New 

Studies in Archaeology. 270 pp. Cam¬ 
bridge University Press, 1980. $27.50 

cloth, $9.95 paper. 

Gould was one of the early “modern” 
researchers to appreciate the potential of 
conducting actualistic studies in the ser¬ 
vice of archaeology. Many still question 
that there is a general contribution to ar¬ 
chaeology from such studies, and this 
book might well have been a very impor¬ 
tant statement from one long associated 
with “living archaeology.” 

Strangely, the reader looks in vain for 
reasons why such studies should be done. 
We are told that the author’s work shows 
the “futility of trying to draw direct ar¬ 
chaeological conclusions from ethno¬ 
graphic observations” and that the used. 
ethnographic analogy is unacceptable, for 
in using it we must “assume the very 
things we seek to investigate.” We are 
treated to a strange distortion of some of 
my work and served up an equivocal 
argument about uniformitarian assump¬ 
tions. I was surprised to learn that such 
assumptions were configurational is 
character—i.e. that we must assume the 
past to have been identical to the 
present—for I have always been under th: 
impression that uniformitarian assump¬ 
tions were methodological necessities 
any inferential argument to the past. 

Gould then addresses theory building 
and the role of laws by questioning the 


degree to which scientific archaeology 
should concern itself with aspects of 
human behavior that can reliably be 
covered by laws: “What assurance do we 
have that those aspects of behavior we can 
measure and validate are really impor¬ 
tant?” 

Later we are told that “instead of trying 
to discover laws of human behavior, the 
living archaeologist is concerned with 
using relationships that have already 
} achieved the status of law in other fields 
as frameworks for making discoveries 
about human behavior.” 

We should not, in other words, seek to 
explain our own domain of phenomena; 
we assume it has already been done better 
in other fields of research and use the 
fruits of others’ research to interpret the 
past. We have now been prepared for the 
book’s major insight: "I,.. already de¬ 
bunked the idea of analogy as uncon¬ 
vincing, ... I presupposed the epistemo¬ 
logical imperative of finding a more con¬ 
vincing approach... I wish to substitute 
arguments by anomaly.” Logicians will be 
interested to Find that a tactic of discovery 
has been substituted for a form of infer¬ 
ential argument! 

After searching for justifications of 
living archaeology, I concluded that Gould 
thinks it is nice to have some ethno¬ 
graphic information about the people we 
study archaeologically. I think most of us 
knew that .—Lewis R. Binford, Anthro¬ 
pology, University of New Mexico 

Prehistoric Hunters of the High 
Andes. John W. Rick. Studies in Ar¬ 
chaeology. 360 pp. Academic Press, 
1980. $27.50. 

This monograph was based on a Ph.D, 
thesis at one of our better institutions 
training archaeologists, so after the usual 
New Archaeological verbiage and a rather 
superficial summary of the environment 
of the Junin Basin of highland Peru, we 
find that Rick sets up three main hy¬ 
potheses to be tested. These are: (1) that 
vicuna exploitation was the subsistence 
basis of Puna life in preceramic times, (2) 
that there was little or no seasonal ex¬ 
ploitation of different ecozones in this 
period, and (3) that sedentarism was the 
basic preceramic way of life among the 
Puna, not only of Junin, but of all high¬ 
land Peru. 

By presenting no adequate zoological 
information and by not including the 
fuller Pachamachaylevel-by-level iden¬ 
tifications done by Elizabeth Wing or the 
earlier ones undertaken by Jane Wheeler 
in the Pachamachay 1974 excavations, 
and by falsely assuming that their camelid 
identifications were vicuna, rather than 
mainly guanaco or other camelids with 
different migrational habits, Rick believes 
he has proven his first hypothesis. 

In testing the second hypothesis, by 
listing (in Table 10.2) camelid fetus bones 
(which are very seasonally sensitive) as 


juveniles, and by lumping the preceramic 
levels together into two great categories 
so that Wing's and Wheeler’s level-by¬ 
level data showing that the proportions of 
spring season fetus vary considerably, and 
not considering the seasonality of Pear¬ 
sall’s ethano-botanical data, and by not 
using the more adequate survey data of 
Lavallee showing seasonality in the ad¬ 
jacent area, he comes to another errone¬ 
ous conclusion about the lack of seasonal 
scheduling in the Puna. Having now made 
these great breakthroughs, using basically 
slope wash data rather than occupational 
floors with good archaeologic contexts and 
ignoring the seasonality, he jumps on the 
Flannery bandwagon and claims he has 
shown that some, if not all, of the precer¬ 
amic peoples of the Andes were seden¬ 
tary—his third unproved hypothesis. 

Having built up this stack of cards (all 
jokers) in the first fifteen chapters, he now 
piles on more generalities about early 
Puna life, not only in the rather unique 
Junin region but everywhere in the Andes, 
and makes remarks about the methodol¬ 
ogy and conclusions of others. Also in¬ 
cluded here is his final periodization for 
the region, which not only ignores the 
typology and dating in Peter Kaulicke’s 
thesis on Uchumachay and Lavallee’s 
work in the same region, the three 14 C 
dates we did for Matos’s levels of Pacha¬ 
machay, but even our sixty radiocarbon 
determinations from nearby comparable 
Ayacucho, In fact, in my terms, his Phase 
1, levels 31-33, best cross-dates with early 
Jaywamachay from about 6200 to 7000 
B.C., not 7000 to 10,000 B.C.; Phase 2, lev¬ 
els 26-30, by his own dating is more 
probably 6200 to 4700 B.c., not 7000 to 
5000 B.C.; Phase 3 seems of Piki times, 
about 4700 to 4300 B.C.; Phase 4, of Chi- 
hua times, about 4300 to 3500 B.C.; and his 
final preceramic Phase 5, also like our 
Chihua, not Cachi, from about 3300 to 
2300 B.C., not 2200 to 1500 B.C. (all ra¬ 
diocarbon time). Thus, it appears there 
were major gaps in Pachamachay before 
ceramic times (with all its unidentified 
ceramic types in levels 1-11, as shown in 
Chapter 8). 

Perhaps someday when working in the 
Junin archaeological hunting territory is 
not so political, someone will collect more 
reliable data for this region and do more 
acute analysis. The best I can say now is 
that Rick’s monograph was but an initial 
very faltering step in this direction.— 
Richard S. MacNeish, Roberts. Peabody 
Foundation for Archaeology, Andover, 
MA 

The Human Biology of Circumpolar 

Populations. F. A. Milan, ed. 381 pp. 

International Biological Programme, 

21. Cambridge University Press, 1980. 

. $75. ; 

Focused on contemporary Eskimo, 
Lapp, and Ainu isolates, but including 
other circumpolar peoples, this interna- 
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tional collection of 12 papers by 20 au¬ 
thors perspicuously summarizes study of 
these populations by the Arctic Human 
Adaptability Section of the International 
Biological Programme for the years 
1967-74. Topics of the chapters include: 
demography (F. A. Milan), serological and 
other tissue genetics (A. W. Eriksson et 
al.), Siberian genetics (Y. G. Rychkov and 
V. A. Sheremet’eva), dentition and facial 
structures (A. A. Dahlberg), eyes (H. 
Forsius), body dimensions and growth (F. 
Auger and others), nutrition (H. H. 
Draper), physiology (S. Itoh), activity 
patterns (R. J. Shephard), and behavior 
(H. Forsius). Health aspects are discussed 
in most chapters, including the Intro¬ 
duction, by D. R. Hughes and Milan, and 
in the judicious but nonintegrative sum¬ 
mary by Milan, Each chapter is a model 
of lucid information packing and includes 
an excellent bibliography, 

The objective of these workers was to 
describe biological variation and relate it 
to the climatic, seasonal, and ecological 
conditions of the Arctic. Adaptations 
identified or suspected range from sero¬ 
logical gene dines at the population level 
to a distinctive sweating pattern, a per¬ 
sonality character, and others, at the in¬ 
dividual level of biological organization. 
Harmful, destructive, and disruptive ef- 
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fects of Euroamerican contact were 
identified in many areas, including initi¬ 
ation or rise in infectious diseases, anemia, 
obesity, oral pathologies, suicide, social 
disorganization, and so forth, Euroamer¬ 
ican admixture confounded measurement 
of the degree to which the newly identi¬ 
fied or suspected adaptations or popula¬ 
tion genetics characteristics served pre¬ 
contact population survivorship and 
represented phylogenetic relationships. 
With respect to the latter, one wonders 
why the research design did not include 
study of prehistoric skeletal populations 
(especially their dental morphology), 
which would have partially circumvented 
the problem of historic admixture. 

It is unfortunate that the IBP lasted 
only ten years (1964-74), because this 
volume richly illustrates the great po¬ 
tential that international scientific co- 
operation has for achieving a level of un¬ 
derstanding about Arctic adaptation that 
would in time bountifully benefit public 
health and human rights policies. The 
volume serves notice to all nations 
touched by the Arctic Circle that the lives 
of their northern peoples will be better 
served when standing commitments are 
made for basic research in Arctic human 
biology and population history.— Christy 
G. Turner 17, Anthropology, Arizona 
State University 


Mathematics and 
Computer Science 


The Computer Age: A Twenty-Year 
View. Michael L, Dertouzos and Joel 
Moses, eds. MIT Bicentennial Studies, 
6.491pp. MIT Press, 1979. $25. 

The audience for computer books now 
stretches from the participating computer 
scientist to the curious layman,. This vol¬ 
ume will be of interest to the curious lay¬ 
man who happens also to be a participant 
in any intense intellectual activity and 
enjoys dabbling in futuristics. Nineteen 
experts (“people who know, hence no 
longer need think”) comment on aspects 
of the computer future, Computers will 
diminish in size and unit cost, increase in 
competence and applicability. Ubiqui¬ 
tous, most will disappear from casual 
view, like the electric motor. Their exis¬ 
tence and applicability will increasingly 
preoccupy our consciousness, In a society 
where technological potential irrigates 
progress,, the computer is H 2 O. A twenti¬ 
eth expert, horrified by this alien water¬ 
ing, cautions that, unless we clean up our 
social act, the computer will serve merely 
to sharpen and widen the gap between the 
powerful and the powerless of this world, 
The truth about the computer does not lie 
somewhere between optimism and pes¬ 
simism, but oscillates from one to the 
other. That is the message of the next 


twenty years,—Aten J. Pcrlis, Computer 
Science, Yale University 

Computer Security. David K, Hsiao, 

Douglas S. Kerr, Stuart E. Madnick. 

ACM Monograph Series. 299 pp. Aca¬ 
demic Press, 1979. $18. 

The security of computer systems is a 
topic of great interest at the present time. 
This is due, in part, to the pervasive role 
of digital information processing in our 
everyday activities and the fear that the 
amassing of large volumes of data by 
federal and state agencies will somehow 
be harmful to us. This is one of many 
books to appear on computer security. 
The term computer security means many 
things: the physical security of the hard¬ 
ware-protection against vandalism, fire, 
and theft—operational controls; and the 
security of the contents of the computing 
system, including the related social issue 
of privacy. While this book does not go 
into great depth on any particular topic, 
it is a reasonable introduction to the 
general subject, providing the reader with 
an entree into the burgeoning literature 
in this area. 

While there is not universal agreement, 
it is believed that encipherment provides 
the most effective and practical method 
for “hiding” information, I use the term 
hiding because the problem of data se¬ 
curity is multifaceted; although enci¬ 
pherment does not protect data against 
malicious or accidental destruction, 
carefully implemented procedures can be 
used to detect such attempts. Chapter 6 
introduces cryptography as applied to 
computer data security. The subject of 
public versus key cryptography is dis¬ 
cussed, although I believe that the authors 
miss the central point. In “classic” cryp¬ 
tography, two parties have to exchange 
some secret information (called a key) 
prior to communication, which provides 
the means by which others—the 
“enemy”—are denied access to their 
communications. A public key system is 
an ingenious way of arranging for this 
transfer, usually referred to as key man¬ 
agement within the context of data pro¬ 
cessing. 

All is well in data processing applica¬ 
tions if the two parties are users linked via 
a processing system that does not perform 
any intermediate encipherment/deci¬ 
pherment. The use of a public key system 
avoids the need to store any secret infor¬ 
mation within the system. On the other 
hand, in many applications, one of the 
parties to this communication is the sys¬ 
tem itself—for example, when I encipher 
my files and want to access or process the 
data contained therein. In this case, the 
secret must be shared with the system, 
and there is the rub. As current operating 
systems are constructed, there does not 
appear to be a practical way of really 
protecting the key. In fact, if we could 
protect the key, why couldn’t we protect 


the information in the first place? So w 
come back to the question which occupy 
many workers in the field today, which is 
discussed in Chapter 7: operating system 
security. This isn’t to imply that crypto¬ 
graphy is useless, but only that its value 
must be assessed in terms of what it costs 
the user and what is actually gained by its 
implementation— Alan G. Konhew 
Mathematical Sciences, IBM Thomas J. 
Watson Research Center, Yorktown 
Heights, NY 

Visual Art, Mathematics and Com¬ 
puters: Selections from the Journal 
Leonardo . Prank J, Malina, ed, 325 pp. 
Pergamon Press, 1979. £25. 

The 53 selections in this volume, from 
issues of Leonardo through 1977, deal 
mainly with the methods used to create 
specific works, and also with order, ran¬ 
domness, and entropy in art. The lines of 
mathematical thought among artists and 
scientists seem divergent, making the 
book difficult reading for me.—Nelson L. 
Max, Lawrence Livermore National 
Laboratory, Livermore, CA . 

Advances in Computers Vol, 18, Mar¬ 
shall C. Yovits, ed. 308 pp. Academic 
Press, 1979. $31. 

This book contains interesting contri¬ 
butions detailing the present state of five 
phenomena that have arisen around the 
computer: image processing and recog¬ 
nition (Azriel Rosenfeld), computer chess 
(Monroe M. Newborn), software science 
(M. H. Halstead), computer-assisted in¬ 
struction (Patrick Suppes), and software 
in the Soviet Union (S. E. Goodman). All 
emphasize the improvements in under¬ 
standing and performance that have come 
about through enlargements in technique 
and better experimentation. For example: 
the improvement in computer chess pro¬ 
grams (some programs have a master's 
ranking in excess of 2,000) follows from 
better algorithms and faster computers. 
Since both advances can be expected to 
continue, more impressive chess programs 
are sure to be forthcoming. The contri¬ 
bution on Soviet software is enlighten¬ 
ing—the Soviets have chosen to copy IBM 
software that, while excellent, may delay 
them in developing the software they 
need for their own grandiose application;. 
The book is highly recommended for the: 
computer-wise who wish to keep informed 
of the development of computer tech¬ 
nology in areas distant from their 
own.— Alan J. Perils, Computer Science, 
Yale University 

13 Lectures on Fermat’s Last TJieo< 
rem. Paulo Ribenboim. 302 pp, 
Springer Verlag, 1979. $24. 

Fermat’s last theorem is an assertion in 
elementary number theory. Fermat 
(1601-65) claimed to have discovered “a 
truly remarkable proof.” However, aver 


three centuries later, in spite of the 
strenuous efforts of the best mathemati¬ 
cians (and many others), no proof has ever 
been produced. 

Work on this and related topics con¬ 
tinues to the present day, and Ribenboim 
has written alively mathematical history, 
rich in detail and scholarship. Researchers 
will find the extensive bibliographic ref¬ 
erences particularly valuable, and the 
general mathematical reader will find this 
a fascinating introduction to an important 
and beautiful chapter in the history of 
number theory Michael Rosen, Math¬ 
ematics, Brown University 

Interpolation of Operators and Sin¬ 
gular Integrals: An Introduction to 

Harmonic Analysis. Cora Sadosky. 

Pure and Applied Mathematics, 53.375 

pp. Marcel Dekker, 1979. $35. 

This clear and skillful introduction to 
harmonic analysis on Euclidean spaces is 
suitable for graduate students at the sec¬ 
ond-year level, and it offers to the careful 
reader a prized reward: the mastery of 
many basic ideas and methods of real and 
harmonic analysis. This goal is achieved 
through an elegant presentation of the 
interpolation theory of operators in L p 
spaces, the maximal theory and the space 
BMO, and the Calderon-Zygmund theory 
of singular integrals. 

Even the introductory material is 
treated with originality. The discussion of 
the group algebra and characters on R n 
at the end of Chapter 1 lends clarity and 
motivation to the study of the Fourier 
transform in Chapters 2 and 3. The study 
of convolutions and Fourier transforms of 
measures (including the Bochner theo¬ 
rem) leads to important convergence re¬ 
sults in probability. Chapter 5 is partic¬ 
ularly exciting: developing an approach 
due to Mischa Cotlar, it unifies in a co¬ 
herent context the main features of the 
inversion problem for Fourier integrals, 
the theory of differentiation of integrals, 
the study of conjugate functions and 
Hilbert transforms, and ergodic 
theory.— Umberto Neri, Mathematics, 
University of Maryland 

Inequalities: Theory of Majorization and 
Its Applications. Albert W. Marshall 
and Ingram Olkin. Mathematics in 
Science and Engineering, 143,569 pp. 
Academic Press, 1979, $49.50. 

Inequalities form an absolutely vital 
part of mathematics and statistics, but 
the inherent ad hoc nature of the subject 
defies an all-inclusive systematic treat¬ 
ment. The first remarkable step toward 
systematizing the subject is represented 
by the classic Inequalities, by Hardy, 
Littlewood, and Polya (Cambridge Uni¬ 
versity Press, 1934). Although many other 
books on the subject have since been 
written, mention should be made of An¬ 
alytic Inequalities, by D. S. Mitrinovic 
(Springer-Verlag, 1970). 


Marshall and Olkin’s book treats one 
aspect of the subject: inequalities con¬ 
nected with majorization of vectors. The 
first six chapters develop the basic theory 
of majorization, and the next four deal 
with applications to combinatorial anal¬ 
ysis, geometry, matrix theory, and nu¬ 
merical analysis. As the authors claim, an 
advanced undergraduate should be able 
to follow the material up to this point. In 
later chapters important applications to 
statistics and probability are given. A 
number of complementary topics are 
discussed in the last five chapters. The 
authors have done an admirable job of 
unifying this part of the subject and of 
illustrating its applications.— Naresh C. 
Jain, Mathematics, University of Min¬ 
nesota 

Measurement Theory with Applica¬ 
tions to Decisionmaking, Utility, 
and the Social Sciences. Fred S. 
Roberts. Encyclopedia of Mathematics 
and Its Applications, 7.420 pp. Addi¬ 
son-Wesley, 1979. $24.50. 

This, volume contains, an excellent 
general development of the modern 
theory of measurement and also shows 
how applications of that theory have been 
made in the social sciences, especially in 
the theory of decision making, The book 
provides an excellent introduction for 
anyone interested in current theories of 
fundamental measurement, and the many 
exercises make it useful as a textbook.— 
Patrick Suppes, Institute for Mathe¬ 
matical Studies in the Social Sciences, 
Stanf ord University 

Orthogonal Designs: Quadratic Forms 
and Hadamard Matrices. Anthony V. 
Geramita and Jennifer Seberry. Lec¬ 
ture Notes in Pure and Applied Math¬ 
ematics, 45. 460 pp. Marcel Dekker, 
1979, $35 paper. 

An orthogonal design of order n and 
type («i,.. „ so, where s, are positive in¬ 
tegers, is an n Xn matrix X whose entries 
are equal to 0 or ±*i,..., ±xi (xi,.. ,,xi 
are commuting indeterminates), for which 
each row of X has s/ entries of the type 
±xi and the rows are orthogonal under the 
standard Euclidean inner product. Fur¬ 
ther restrictions on the values of the 
entries of X give rise to various well- 
known types of matrices, such as Hada¬ 
mard matrices and weighing designs. 

Geramita and Seberry have, in a gentle 
and thoroughly instructive manner, 
shown how to use a rather significant 
body of classical algebra both to provide 
impressive restrictions on possible types 
of orthogonal designs and to provide 
surprisingly many constructions. This 
book, presenting largely their own work 
and that of their students; will serve as an 
introduction to and a motivation for the 
further study of rational and integral 
quadratic forms and as a source of many 
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unsolved combinatorial problems with an 
algebraic flavor. Moreover, its appendixes 
contain in tabular form most of the latest 
existence results for several varieties of 
objects related to orthogonal designs— S. 
E. Payne, Mathematics and Statistics, 
Miami University, Oxford, Ohio 

Nonnegative Matrices in the Mathe¬ 
matical Sciences. Abraham Berman 
and Robert J. Plemmons, Computer 
Science and Applied Mathematics, 316 
pp. Academic Press, 1979, $32, 

Ever since the remarkable discoveries 
of Perron (1907) and Frobenius (1908, 
1912), the theory of nonnegative matrices 
(i.e, matrices with nonnegative elements) 
has been one of the most active and cen¬ 
tral areas of linear algebra, It has found 
many applications in numerical analysis, 
probability, economics, demography, and 
operations research, and in other areas 
where the data by their nature are non¬ 
negative. 

This book provides an up-to-date sur¬ 
vey of the theory and presents several of 
the applications. It is intended to be a 
treatise on the subject and also to serve as 
a graduate text for mathematicians, 
mathematical economists, mathematical 
programmers, statisticians, and computer 
scientists; Every chapter concludes with 
a set of exercises and interesting notes. 
The authors use both the algebraic and 
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the geometric (cone invariance) approach, 
which increases the scope of the book but 
adds to its difficulty. 

The work is an important addition to 
the literature on nonnegative matrices 
and a valuable tool for anyone interested 
in the topic.— Henryk Mine, Mathe¬ 
matics, University of California, Santa 
Barbara 


Some Basic Theory for Statistical In¬ 
ference. E. J. G. Pitman. Monographs 
on Applied Probability and Statistics. 
110 pp. Halsted Press, 1979. $17.95. 

This little book, by the originator of 
several of the most important ideas of 
theoretical statistics, aims toward devel¬ 
opment of asymptotic theory of para¬ 
metric estimators and tests, and of the 
empiric distribution function. The main 
conclusions are thus found in many other 
books, but the presentation here is usually 
quite clear, and the exposition and moti¬ 
vation are well written. On the way to as¬ 
ymptotic efficiency of sequences of esti¬ 
mators and tests, the author treats such 
topics as likelihood, sufficiency, distance 
between probability measures, informa¬ 
tion matrix, and information inequality. 
Notions of efficacy and sensitivity are 
introduced in addition to information, in 
a somewhat unconventional development 
that computes a finite “information” but 
infinite “sensitivity” for a location-pa¬ 
rameter problem with discontinuous 
density. The positive lower bound on 
variance then applies to “regular” esti¬ 
mators. This treatment could trouble 
those who try to apply it in reading con¬ 
temporary literature in which the infor¬ 
mation would simply be infinite in such a 
case. Nevertheless, the book is a readable 
and useful introduction to asymptotic 
statistical theory,—J. Kiefer, Statistics, 
University of California, Berkeley 

Selected Topics in Graph Theory. 
Lowell W. Beineke and Robin J. Wil¬ 
son, eds, 461 pp. Academic Press, 1978. 
$44.50. 

Introduction to Graph Theory, 2nd ed. 
Robin J. Wilson. 163 pp. Academic 
Press, 1979. $8 paper. 

The applications of graph theory to the 
physical and engineering sciences are 
growing rapidly in variety and impor¬ 
tance. For example, the principal review 
journals for chemistry, physics, electrical 
engineering, and computer science all list 
graph theory as a topic in their respective 
subjects. Since the definitive work is.now 
rather out of date, Beineke and Wilson’s 
book is most valuable in providing a cur¬ 
rent view of the subject. Through the 
contributions of a number of excellent 
scholars and expositors (too many to 
mention individually in this brief review), 
several areas of graph theory are surveyed 
beautifully, including topological graph 
theory, and Four Color Theorem, Ham¬ 


iltonian graphs, tournaments, the recon¬ 
struction problem, minimax theorems, 
line graphs, eigenvalues, strongly regular 
graphs, Ramsey theory , graphical enum¬ 
eration, and applications of computers to 
graph theory, 

Introduction to Graph Theory is are- 
vised edition of the successful monograph 
that appeared eight years ago in England. 
The book, by a well-known and colorful 
lecturer and teacher, has been widely used 
as a text for both undergraduate and 
graduate courses in mathematics and as 
a readable introduction to the subject for 
nonmathematicians wishing to use it.— 
Frank Earary, Mathematics, University 
of Michigan 

The Finite Simple Groups and Their 
Glassification. Michael Aschbacher. 
Yale Mathematical Mongraphs, 7.61 
pp. Yale University Press, 1980. $6.95 
paper. 

In these 1978 James K. Whittemore 
Lectures, Michael Aschbacher, of the 
California Institute of Technology, one of 
the world leaders in finite group theory, 
presents some of the highlights of the 
classification of finite simple groups. The 
book, intended for the general profes¬ 
sional mathematician, provides a highly 
readable description of the basic subdi¬ 
vision of the proof into groups of compo¬ 
nent and noncomponent type, as well as 
several of the major techniques underly¬ 
ing the analysis, and also includes a brief 
discussion of the known finite simple 
groups. It is an excellent introduction to 
one of the most active areas of mathe¬ 
matical research.—U. Gorenstein, 
Mathematics, Rutgers University 


Algorithmic Graph Theory and Per¬ 
fect Graphs. Martin Charles Golum- 
bic. Computer Science and Applied 
Mathematics. 284 pp. Academic Press, 
1980. $29.50. 

The book is a compilation of research 
in the last decade on graphs that have the 
property of graph perfection. Combina¬ 
torial algorithms associated with these 
classes of graphs are given, as well as 
many interesting applications, especially 
to computer science, The author also 
presents, for the first time in a textbook, 
well-written characterizations of perfect 
and perfect critical graphs by Lovasz, 
Chvatal, and Padberg,— Alan Tucker, 
Applied Mathematics and Statistics, 
SUNY-Stony Brook 

Lattice Path Counting and Applica¬ 
tions. Sri Copal Mohanty. Probability 
and Mathematical Statistics, 185 pp. 
Academic Press, 1979. $21. 

Combinatorial theory has enjoyed a 
revival of mathematical interest in recent 
years. A rich area of combinatorics con¬ 
cerns path counting, which is of core in¬ 


terest in this book. (How many distinct 
paths from (a,b) to ( c,d ) are possible 
which do not backtrack and which avoid 
certain forbidden regions?) The subject 
has geometric as well as analytic flavors 
and bears on theories of random walk, 
ballot problems, statistical theory, and 
urn processes, among others. The author 
presents, in very readable form, classical 
and new results that will be of interest to 
the specialist, though much of the book 
will make stimulating reading for the 
bright mathematics undergraduate as 
we ll,_Meyer Dwass, Mathematics, 
Northwestern University 

Topological Methods in Euclidean 

Spaces. Gregory L. Naber. 230 pp. 

Cambridge University Press, 1980, 

$19.95. 

This is another text for a first course in 
topology suitable for advanced under¬ 
graduate or beginning graduate students, 
Most such texts focus attention on a par¬ 
ticular branch of topology and develop it 
in depth, but this one has chapters on 
point-set topology, homology theory, ho- 
motopy theory and the fundamental 
group, and elementary differential to¬ 
pology. To achieve this breadth of subject 
matter, the author restricts his attention 
to subsets of Euclidean space. Indeed, 
metric spaces or general topological 
spaces are never even defined. Of neces¬ 
sity, the exposition and proofs of the main 
theorems are anything but leisurely, The 
prospective reader would be well advised 
to have a teacher available whom he could 
consult about the more difficult points in 
this text.—W. S. Massey, Mathematics, 
Yale University 

Asymptotic Theory of Statistical Tests 

and Estimation; In Honor of Wassily 

Hoeffding. I. M. Chakravarti, ed. 350 

pp. Academic Press, 1980. $25. 

This volume contains the proceedings 
of a symposium held at the University erf' 
North Carolina in honor of Wassily 
Hoeffding on the occasion of his sixty- 
fifth birthday in 1979. Hoeffding is best 
known for his work in the asymptotic 
theory of nonparametric inference but has 
made many other important and in¬ 
sightful contributions, particularly in 
sequential analysis and the application of 
large deviation theory. 

The opening paper, delivered by J. 
Neyman, coincidentally on his eighty- 
fifth birthday, entitled “Some Memorable 
Incidents in Probabilistic/Statistical 
Studies,” pays special attention to the 
innovations of Cramer’s groundbreaking 
paper on large deviations and on 
Hoeffding’s early application of tins 
theory to inference. New insights are 
added to this theory in papers by Baha¬ 
dur, Gupta and Zabell, and by J. Reeds, i 
W. J. Hall contributes a paper on se¬ 
quential teste; Bonner, Muller-Funk, and j 
Witting deal with nonparametric se- 
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quential teste. Other papers in inference 
and probability are by Dugue, Bell, Ra¬ 
mirez and Smith, Revesz, Geffroy, Sil¬ 
verman, Lukacs, Chevalier, Robbins, 
Deheuvels, Bickel, and van Zwet.— Her¬ 
man Chernoff, Mathematics, M.I.T. 


Dynamical Systems and Evolution 
Equations: Theory and Applications. 
J. A, Walker. Mathematical Concepts 
and Methods in Science and Engi¬ 
neering, 20. 236 pp. Plenum, 1980. 
$29.50, 

Much progress has been made in extend¬ 
ing geometric methods for ordinary dif¬ 
ferential equations to systems whose ev¬ 
olutionary equations are partial and delay 
differential equations (functional differ¬ 
ential equations). A difficulty both for 
theory and applications arises because the 
state spaces are now infinite dimensional 
and not ideally compact. This is the first 
book to give a systematic account of these 
developments. The extension of Liapu¬ 
nov’s direct method for stability and as¬ 
ymptotic behavior by the invariance 
principle is studied in some detail and il¬ 
lustrated by a number of important 
physical applications.—J. P, LaSalle, 
Lefschetz Center for Dynamical Systems, 
Brawn University 


Arithmetic Complexity of Computa¬ 
tions. Shmuel Winograd. CBMS-NSF 
Regional Conf. Series in Applied 
Mathematics. 93 pp. Philadelphia: 
Society for Industrial and Applied 
Mathematics, 1980. $10.50 paper. 

The advent of digital signal processing 
was made possible by the discovery of new 
algorithms for computing such mathe¬ 
matical operations as the finite Fourier 
transform and has led to a systematic 
theory of the complexity of mathematical 
computations. The deep interplay be¬ 
tween the nature of algorithms and their 
complexity has been expounded in a very 
elementary and readable fashion by Wi- 
nograd, one of the creators of this concept, 
in this brief but very important mono¬ 
graph.— Louis Auslander, Mathematics, 
CUNY Graduate Center 


The Mathematical Theory of L Sys¬ 
tems. Grzegorz Rozenberg and Arto 
Salomaa. Pure and Applied Mathe¬ 
matics. 352 pp. Academic Press, 1980. 
$38. 

L systems are named after A. Linden- 
mayer, who used them to simulate broad 
qualitative features of cellular develop¬ 
ment and other growth phenomena by 
iterating remarkably simple rules. Con¬ 
way’s Game of Life is one of the best- 
known simple examples. The formal 
presentation in the book under review is 
clear and systematic, but the particular 
questions asked are mainly of a general 
arithmetic or logical kind—for example, 


whether certain formal properties are 
mechanically (un)decidable. This leaves 
open the question to what extent the work 
specializes in applications to biologically 
or otherwise interesting properties—for 
example, whether it is decidable (for the 
relevant systems) if some given geometric 
form is ultimately developed. In short, the 
definite article in the title is unconvinc- 
ing,—Georg Kreisel, Philosophy, Stan¬ 
ford University 

Engineering and Applied 
Sciences 

Computer Processing of Electron 

Microscope Images. P. W. Hawkes, 

ed, Topics in Current Physics, 13.296 

pp. Springer-Verlag, 1980. $34. 

This book provides a comprehensive 
overview of the more recent theoretical 
developments in the field of computer 
processing of electron micrographs, A 
well-respected group of workers has pre¬ 
pared a series of contributions covering 
electron microscope image formation, 
computer reconstruction of regular bio¬ 
logical objects, three-dimensional recon¬ 
struction, correlation techniques, electron 
holography, and analog computer pro¬ 
cessing of scanning transmission electron 
micrographs. The book represents a 
worthwhile source of information about 
the state of the art in most of these areas. 
In addition, it will form a useful reference 
for basic image-processing techniques and 
provide ready access to the literature. 

One of the less attractive aspects of the 
book is the choice of areas for review. For 
instance, the sections dealing with elec¬ 
tron holography and strongly scattering 
objects are well written and interesting 
but of minimal practical value. Work in 
these fields has been confined to only one 
or two laboratories, and the contributors’ 
lack of confidence in the utility of their 
own areas of research is unlikely to stim¬ 
ulate new work in them. 

The two contributions likely to attract 
the most attention are those dealing with 
three-dimensional reconstruction and 
with the processing of regular biological 
objects, since a number of laboratories are 
making efforts to expand their work in 
these areas. The section describing 
three-dimensional reconstruction is in¬ 
tended primarily for the case of isolated 
particles, specimens that appear from 
today’s perspective to have limited po¬ 
tential for high-resolution study. Fortu¬ 
nately, however, the theory is equally 
applicable to regular specimens that have 
been shown to have great potential. The 
description is comprehensive and clear; it 
is probably the best and most up to date 
in the current literature. 

The description of the processing 
methods for regular biological structures 
is disappointing, especially since the field 
is an important one, The author has made 
an effort to keep his text nonmathemati- 
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cal, but the result is often cumbersome 
and lacking in clarity. The article also 
suffers from the fact that the field has 
expanded rapidly in the two years since 
the contribution was prepared. The lit¬ 
erature survey, which could have been 
criticized as being somewhat limited at 
the end of 1977, appears even more so 
today. 

In spite of its defects, this book remains 
a worthwhile acquisition and will be a 
useful reference. It is unlikely, however, 
that it will be found to be a practical guide 
to image processing in the areas it cov¬ 
ers.—?, R. Smith, Cell Biology, New York 
University School of Medicine 


Physical Acoustics: Principles and 
Methods, Vol 14. Warren P, Mason and 
R. N. Thurston, eds. 561 pp. Academic 
Press, 1979. $55. 

Volume 14 of Physical Acoustics is 
actually the 18th volume of this distin¬ 
guished series (the first four volumes were 
divided into Parts A and B). Since Vol. 1A 
was published in 1963,112 comprehensive 
review articles have been written covering 
acoustical disciplines varying from the 
experimental to the theoretical, from the 
fundamental to the applied, many con¬ 
taining all of these components. All have 
been well documented, thoroughly ref¬ 
erenced, and carefully edited, and Volume 
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14 is no exception. The first article by 
Lemons and Quate comprehensively re¬ 
views the development of one of the most 
exciting new areas of acoustics, acoustic 
microscopy. This approach to “seeing” 
with sound rivals, and in some instances 
betters, optical microscope resolution. 
Miyano and Ketterson, in “Sound Prop¬ 
agation in Liquid Crystals,” delineate the 
form the fluid equations of motion take 
when they are modified to take account of 
the broken symmetry associated with 
different types of liquid crystals. They 
also review the experimental techniques 
that are capable of confirming the be¬ 
haviors associated with sound propaga¬ 
tion in these liquid crystals. 

Frost, in “Electromagnetic Sound 
Transducers—Principles, Practice, and 
Application,” reviews recent advances in 
this novel transduction method, based on 
Lorentz forces, with an emphasis on ap¬ 
plications to nondestructive testing 
(NDT). Sachse and Hsu’s “Ultrasonic 
Transducers for Materials Testing and 
Their Characterization” also considers 
transduction, but from a much broader 
perspective. Here we find a general dis¬ 
cussion of ultrasonic transducers, what 
types are appropriate for particular ap¬ 
plications, and what makes a good source 
or receiving transducer system. The 
reader is given specific examples and ex¬ 
cellent references, making this an inval¬ 
uable contribution to the review litera¬ 
ture. “Ultrasonic Flowmeters,” by 
Lynnworth, is an in-depth discussion of 
the theory and practical use of a wide 
range of ultrasonic flowmeter types, with 
particular examples drawn heavily from 
industrial applications. This volume 
continues to demonstrate the importance 
to serious science libraries of keeping the 
series complete and up to date,— Robert 
E. Apfel, Engineering and Applied 
Science, Yale University 

Flames: Their Structure, Radiation, and 

Temperature, 4th ed, A, G. Gaydon and 

H. G. Wolfhard. 449 pp. Methuen, 
1979, $49.95. 

Physical processes, experimental ob¬ 
servations, and data are examined to 
discuss flame velocity measurements, 
theory of flame propagation, carbon for¬ 
mation in flames, flame radiation, flame 
temperature, and ionization in flames. 
Less attention is given to chemical ki¬ 
netics of combustion processes, cool 
flames, minimum ignition energies, 
quenching distances, and flame sta¬ 
bility. 

The authors avoid mathematical anal¬ 
ysis of all aspects of combustion problems. 
This leads to an undue neglect of some 
significant modern work. Some references 
are given on chemical and mathematical 
aspects of combustion, but their impor¬ 
tance cannot be judged from the way they 
are cited. 

The book is of an introductory nature 
and does not require any special back¬ 


ground in the subject. A junior or senior 
in science or engineering should be able to 
tackle it,— M, S, Uberai, Engineering, 
University of Colorado 

Handbook of Optical Holography. H. 

J. Caulfield, ed. 638 pp. Academic 

Press, 1979. $55. 

At the beginning of this large, hand¬ 
some book the editor writes that it should 
not be read as a textbook. Rather, it 
should be the work one turns to with a 
specific question on optical holography. 
Indeed the format is that of a handbook, 
although at times it reads like a textbook, 
perhaps because many of its 31 contrib¬ 
utors are associated with universities. On 
the whole, despite some problems in or¬ 
ganization, subject matter, and com¬ 
pleteness, the book is a valuable addition 
to the holography's bookshelf. Most of 
the information can be found in other 
places, but it is nice to have it assembled 
in one place. 

The 53 sections are somewhat curiously 
arranged in ten chapters, divided into 
three groups. The first group is more or 
less background material; the second 
group discusses the various aspects of 
optical holography, including theory and 
typology; the third group—actually 
Chapter 10—deals with applications. 
Chapter 10 alone runs to 253 pages while 
Chapter 9 has only 24 pages. A long sec¬ 
tion on holographic systems, heavy on 
applications, is placed under “Equipment 
and Procedures.” A section entitled 
“Photographic Handling” (very well done 
by S. A. Benton) comes under “Special 
Problems,” while a closely related section 
dealing with silver halide photography is 
somewhat surprisingly placed under 
“Background.” 

Here and there one finds minor prob¬ 
lems. For example, in the “Background” 
chapter, there are sections on integral 
transforms and principles of communi¬ 
cation theory, but there is little if any at¬ 
tempt (especially in the former case) to 
relate these subjects to optics. Also, long 
before there is any serious discussion of 
the basic process, one finds a discussion 
of the nontrivial problem of holographic 
aberrations. That’s a little like reading 
about frequency modulation (FM) inter¬ 
ference before being told what FM is, 
Somewhat more serious is the occasional 
technical faux pas. For example, we are 
told that incoherence between two points 
in a light field occurs when the time-av¬ 
eraged cross-correlation (TACC) between 
the fields at the two points is zero. Earlier, 
incoherence was equated with “unrela¬ 
tedness.” As is well known, it is possible 
to have the TACC equal zero and yet have 
total dependence between the fields at the 
two points. 

I hope that these minor complaints do 
not obscure the fact that there is a great 
deal of information here on how holo¬ 
grams are made, what the differences, 
advantages, and disadvantages of the 


various types are, what equipment is 
necessary to make them, and how they 
can be applied. Putting together a hand¬ 
book of this kind is not easy, and the edi¬ 
tor and his contributor are to be com¬ 
mended for having done a very creditable 
job.— Henry Stark, Electrical and Sys¬ 
tems Engineering, Rensselaer Polytech¬ 
nic Institute 


Combustion Modeling in Reciprocat¬ 
ing Engines. James N. Mattavi and 
Charles A. Amann, eds. General Motors 
Symposia Series. 605 pp. Plenum, 1980. 
$69.50. 

Stirling Engines. G. Walker. 532 pp. 
Oxford University Press, 1980. $89. 
This symposium volume is the 
twenty-third in an annual series spon¬ 
sored by General Motors Research Lab¬ 
oratories; the seventeen papers were 
presented in the fall of 1978. The book 
contains four closely related sections, on 
modeling of fluid motion in engines, flame 
propagation and heat release in engines, 
engine exhaust emissions, and applica¬ 
tions of engine combustion models. The 
overall objective of stimulating interest in 
the development of combustion models 
leading to new and improved engine de¬ 
signs is reasonably well met, with minor 
exceptions. No doubt this volume will 
become a milestone in the complex area 
interrelating kinetics, fluid mechanics, 
and physical chemistry described by nu¬ 
merical techniques. 

A useful classification for numerical 
models is proposed: zero-dimensional, 
quasi-dimensional, and multidi¬ 
mensional. Excellent techniques, such as 
time-dependent holographic interfer¬ 
ometry in internal combustion engines 
and flow field modeling, are evident 
Conventional SI, stratified charge as well 
as direct injected engine modeling is 
treated with appropriate emphasis on 
emissions. Both the introductory overview 
and summary are effective and the liter¬ 
ature cited throughout is outstanding. 

Inasmuch as the four leading United 
States institutions in time-dependent 
computations in IC engines were con¬ 
tributors to the volume, it represents the 
state of the art. However, continual failure 
to embrace the contributions of Linde- 
mann, Hinshelwood, and others in ho¬ 
mogeneous and heterogeneous gas phase 
reactions precludes the precise definition 
of energy conversion on the time scale 
required for understanding combustion 
Also missing are newer concepts for con¬ 
trol of pressure and temperature in IC 
engines by wave transport process. 

The Stirling engine, as described in the , 
Walker volume, exists in an incredible 
number of applications; it is first of alia 
mechanical device which operates on a - 
closed regenerative thermodynamic cycle , 
and produces useful work, The book, f. 
which attempts to classify the many ex- f 
isting applications in a rational way, i> 


710 American Scientist, Volume 68 


1 


highly successful and may well be con¬ 
sidered the "bible” on the subject; it is far 
more complete than the author’s earlier 
work on this topic. 

Walker includes the history of this 
technology, which dates back nearly 200 
years, its evolution, ideal thermodynamic 
analysis, related thermodynamic cycles, 
engine design considerations, and control 
systems, as well as applications ranging 
from the heat pump to the heart pump. 
The extensive bibliography and a world¬ 
wide directory of Stirling engine builders 
round out this important contribution to 
the literature.— Andrew A. Pouring, 
Aerospace Engineering, U.S. Naval 
Academy 

Polymer-Polymer Miscibility. Olagoke 

Olabisi, Lloyd M. Robeson, Mont¬ 
gomery T. Shaw. 370 pp. Academic 

Press, 1979. $42.50. 

The past two decades have witnessed 
an explosive growth in the literature on 
multicomponent polymer systems, moti¬ 
vated by the realization that improve¬ 
ment in polymer properties was more 
likely to result from mixtures or blends of 
polymers than from new monomers. It has 
been the conventional wisdom that the 
vast majority of polymer mixtures are 
incompatible, and most of the books to 
date have dealt with those systems. This 
book, which will be useful both for the 
practitioner and the beginner in the field, 
is the first devoted to compatible mix¬ 
tures, i.e. those in which blending does not 
lead to phase separation; it shows most 
clearly that the total number of miscible 
systems is much greater than was believed 
until now and that many of these systems 
are potentially of great academic and in¬ 
dustrial importance. 

A first, brief chapter gives the relevant 
definitions and a historical perspective of 
the field. The second, by far the largest 
chapter, provides the theoretical back¬ 
ground, i.e. the thermodynamics of poly¬ 
mer miscibility. Starting out with the 
general principles and phenomena, it goes 
on to describe the various approaches to 
the thermodynamics of miscibility—that 
of Hildebrand, that of Flory-Huggins, and 
those utilizing equations of state, The 
starting points and end results of the 
mathematical treatments are well bal¬ 
anced, so that while no attempt is made to 
present the complex derivations in detail, 
the important features of the approaches, 
as well as their conclusions, are very 
clear. 

Chapter 3, a most valuable one for be¬ 
ginners, describes the various experi¬ 
mental methods that have been applied 
to the study of miscibility, including de¬ 
terminations of the glass transition, mi¬ 
croscopy, and scattering techniques. 
Chapter 4, potentially of great industrial 
importance, deals with the enhancement 
of miscibility, and Chapter 5 contains a 
detailed survey of miscible polymer sys¬ 
tems, making it clear that a large number 


of these exist. The last two brief chapters 
are devoted to the properties of miscible 
polymer systems and to their applica¬ 
tions—A, Eisenberg, Chemistry, McGill 
University 

Studies in Heat Transfer: A Festschrift 

for E. R. G. Eckert. J. P. Hartnett et al., 

eds. 516 pp. Hemisphere/McGraw-Hill, 

1979. $42,50. 

The papers in this volume deal with 
specialized topics of heat transfer and 
present the results of current experi¬ 
mental and theoretical research and up- 
to-date analyses by authorities from many 
countries. Variations in quality and sig¬ 
nificance are to be expected, but here the 
first-rate articles outnumber the mediocre 
ones. Most of the articles contain excel¬ 
lent current bibliographies that will be 
useful to other researchers in the field. 

Of special interest to many readers will 
be insights by European researchers, such 
as Bosnjakovic in the field of solar energy 
utilization; comparative views of heat 
transfer augmentation methods and the 
influence of surface roughness on con¬ 
vection; an analysis of some aspects of 
turbulence in the atmospheric boundary 
layer from data gathered in many parts of 
the world since 1970; and heat transfer in 
complex duct flows. A few of the contri¬ 
butions, such as the papers dealing with 
anode heat transfer and vortex patterns 
On cones, are so specialized that they will 
be of interest only to a few readers who 
can fill in references and potential appli¬ 
cations. 

All the papers are clearly written and 
well illustrated. The overall quality and 
coverage of this compendium is a fitting 
tribute to Eckert, whose research over the 
past fifty years has extended into nearly 
all aspects of heat transfer. The views and 
concepts in this book are likely to have a 
major influence on current and future 
trends in heat transfer research world¬ 
wide,— Frank Kreith, Solar Thermal 
Research, SERI, Boulder, CO 

Fundamentals of Heat Transfer. Lin- 

don C. Thomas, 702 pp. Prentice-Hall, 

1980. $27.95. 

In looking at any new entry in a field 
already well endowed with established 
textbooks, the reviewer must ask, “What 
features has this book that justify its 
publication and possible adoption?” In 
this case, the answer is that the author has 
given a great deal of thought to integrat¬ 
ing fundamental principles, modern 
methods of solution, equipment and 
practical applications, and extensive 
sample problems involving engineering 
considerations. For example, numerical 
solution of the conduction equation is 
introduced as a direct consequence of the 
formulation of the equation itself, with a 
computer flow sheet and program given, 
Results are compared to the analytical 
result, varying the input parameters to 


demonstrate stability and representation. 
Analytical solutions, while not neglected, 
are generally referred to the enormous 
readily available literature. An unusually 
large set of references, as well as many 
home problems, are provided, 

Convective heat transfer is presented 
first as a lumped parameter problem, with 
a good working selection of heat transfer 
correlations from the literature, Only in 
the last chapter are the fundamentals of 
convection presented. This arrangement 
has merit for disciplines primarily con¬ 
cerned with using existing results to solve 
engineering problems, However, it is not 
clear that this is the best organization for 
mechanical and chemical engineering 
students who need a better theoretical 
base for their later studies. Nonetheless, 
the theoretical analysis is well presented 
when one gets to it, Although the book 
does not assume it, I would recommend a 
prior knowledge of fluid mechanics. 

The volume is very well produced, with 
an easy-to-read yet compact format. Re¬ 
production of figures and graphs is good, 
but the computer listings are poorly 
printed. In summary, this is an innova¬ 
tive, well-thought-out, and comprehen¬ 
sive textbook for a first course in heat 
transfer.— K. J. Bell, Chemical Engi¬ 
neering, Oklahoma State University 


Fundamental Aspects of Appropriate 
Technology. J, de Schutter and G. 
Berner, eds. 212 pp, Sijthoff & Noord- 
hoff, 1980. $14.40 paper. 

“From the assumption that develop¬ 
ment itself is the central variable in any 
activity in a society, it follows that tech¬ 
nology can only be seen as a means to 
achieve development goals.” (p. 1) “Ac¬ 
tivity in the sphere of technological de¬ 
velopment cannot be influenced by a po¬ 
litical system, be it liberal or socialist” (p, 

93) These two quotes succinctly exemplify 
the complexity and confusion which pre¬ 
vail in trying to deal with what is called 
appropriate technology. Neither the 
complexity nor the confusion is amelio¬ 
rated by this book, the proceedings of the 
International Workshop on Appropriate 
Technology, held at Delft University of 
Technology in 1979. 

The book is worth reading, neverthe¬ 
less, since it provides a kaleidoscopic 
panorama of the problems encountered in 
trying to incorporate technology into the 
enormously different societies and cul¬ 
tures of the world. The combination of 
anecdotal and analytical papers presented 
at the conference maintains the reader’s 
interest but, at the same time, generates 
real frustration as almost discernible 
patterns dissolve to take new shape when 
the problems of appropriate technology 
are viewed from the perspective of each 
succeeding participant. One tentative 
pattern which does seem worth further 
consideration is identified early in the 
book: “The most important result of the j 
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appropriate technology debate until now 
may be that it at least gives an opportu¬ 
nity to eliminate technologies which are 
certainly inappropriate against the 
background of community development.” 
Expressed in this form, the issue of ap¬ 
propriate technology is more clearly an 
issue for all societies—developed as well 
as less developed countries, 

The workshop appears to have been 
remarkably free of the politicalization 
that characterized the United Nations 
Conference on Science and Technology 
for Development held in Vienna in 1979, 
although political issues were not com¬ 
pletely absent. The most thoughtful pa¬ 
pers addressing cultural and political 
issues were those by Prasad, “A Company 
for Rural Development in India”; Carr, 
“Appropriate Technology: Theory, Poli¬ 
cy, and Practice”; and Riedijk, “Appro¬ 
priate Technology: ‘Fashion or Need’.” 
The major deficiency in the workshop, 
and therefore in the book, is the absence 
of participants from sizeable areas of the 
world, notably China, South America, and 
most of Africa, and the limited partici¬ 
pation by the developed countries. In 
spite of this, the volume is provocative 
and informative about the views and 
perspectives of a large fraction of the 
world’s population struggling to use 
technology to improve its lot.— William 
F. Nelson, GTE Laboratories, Waltham, 
MA 


Solar Energy for Domestic Heating 
and Cooling: A Bibliography with 
Abstracts, and a Survey of Literature 
and Information Sources. A. Eggers- 
Lura. European Heliostudies, 2,229 pp. 
Pergamon Press, 1979, $50, 

In 1959 the Association for Applied 
Solar Energy published a bibliography of 
“significant literature” containing refer¬ 
ences for about 3,000 articles, books, and 
monographs on solar energy. At the time, 
the index was relatively comprehensive, 
but in the succeeding two decades the 
growth of solar literature has been accel¬ 
erating, with no end in sight to the list of 
hooks, proceedings, journals, and articles 
devoted to the subject. 

This bibliography is designed to catalog 
a subgroup of the literature through 
1977—that dealing with solar heating and 
cooling. The book lists textbooks by year 
of publication, magazines with publisher’s 
addresses, professional societies, and even 
booksellers, The greatest number of pages 
is devoted to an index of articles treating 
solar collectors of the flat-plate type, 
storage, water- and space-heating sys¬ 
tems, space cooling, and economics. A 
brief index is included. 

It appears that the author has set about 
an impossible job, owing to the enormous 
volume of literature now extant. Hence, 
an unknown, arbitrary selection process 
has been used to arrive at the publications 
included. The criterion certainly was not 


quality, since some very poor works are 
included. Articles from journals have been 
indexed very incompletely. Some land¬ 
mark work is not included. For example, 
the f-chart method used widely in the 
United States for heating-system design 
is not included in the design section. Ob¬ 
scure articles are listed, whereas more 
available, widely known ones are not. 
Concentrating collectors are not included. 
The list of information sources is woefully 
inadequate, The author does not seem to 
have used the 1959 criterion of “signifi¬ 
cance” to separate the wheat from the 
chaff. It may be impossible for a single 
person to prepare a solar bibliography as 
we enter the 1980s.— Jan F, Kreider, 
Consulting Engineer, Boulder, CO 


History and Philosophy of 
Science 


A Golden Thread: 2500 Years of Solar 
Architecture and Technology, Ken 
Butti and John Perlin. 289 pp. Van 
Nostrand Reinhold, 1980. $15.95. 

This book refutes the common claim 
that solar energy is an exotic new source 
of energy requiring decades of further 
research and development before it can be 
proven practical. The authors show that, 
on the contrary, solar architecture and 
technology have been utilized for centu¬ 
ries to heat homes and, more recently, to 
provide power for agriculture and indus¬ 
try. Early peoples, including the Pueblo 
Indians of New Mexico, the ancient 
Greeks, and the Romans, planned their 
communities to maximize use of the sun’s 
energy. Long before the age of cheap oil, 
scientists experimented with burning 
mirrors, parabolic reflectors, and solar 
engines, some of which were put to sur¬ 
prisingly efficient use. The authors do not 
claim that solar energy can power an ad¬ 
vanced industrial society: throughout the 
book, the emphasis is on “passive” sys¬ 
tems, which are implemented principally 
by means of intelligent architectural de¬ 
sign rather than large-scale technology. 

In a book as short as this one, on a 
subject so new to historians, not all 
questions can be fully answered. The au¬ 
thors, however, have done a commendable 
job of introducing the subject in a non¬ 
technical way, The text is very readable, 
but in many places lacks detail. The re¬ 
search is thorough, although there are 
some questionable claims and numerous 
errors (mainly in the spelling of non- 
English words) in the documentation, But 
the book is lavishly illustrated with pho¬ 
tographs and drawings, a feature which 
will make it appealing both to general 
readers and to historians of technology. 
The book is especially pertinent for these 
times of suddenly not-so-cheap oil. It 
shows that, throughout history, when 
conventional fuel sources became limited, 


societies turned to the sun in search of 
practical and economical alternatives. 
Perhaps ours will, in some measure, do the 
same— William Eamon, History, New 
Mexico State University, Las Cruces 


Relativity, Quanta, and Cosmology in 
the Development of the Scientific 
Thought of Albert Einstein, Vols. 1 
& 2. Mario Pantaleo, ed. 828 pp. Har* 
court Brace Jovanovich, 1979. $240. 

These two volumes contain an ex¬ 
tremely impressive collection of articles 
by some of the world’s leading practi¬ 
tioners of the physics of relativity and 
quanta and by some of the world’s leading 
cosmologists. The papers were prepared 
prior to a conference honoring the cente¬ 
nary of Einstein’s birth which was orga¬ 
nized by the Italian National Lincei 
Academy. 

The collection is somewhat mistitied. 
Out of 23 chapters only three dwell on the 
development of Einstein’s work: de 
Broglie’s article on wave particle duality 
in Einstein’s work, Pasqual Jordon's ar¬ 
ticle on Einstein’s work on gravitation, 
and Alfred Kasler’s article on Einstein’s 
concept of the photon. All the others are 
devoted to current problems stemming 
from developments that can be traced 
back to Einstein’s earlier theories. The 
final essay, “The Quantum and the Uni¬ 
verse,” by J. A, Wheeler, is perhaps the 
most important in the collection, if only 
because Wheeler’s ruminations on howwe 
came to our present picture of the uni¬ 
verse and what future developments are 
likely provide a kind of guidepost that 
future historians will find particularly 
useful—Stanley Goldberg, Natural 
Science, Hampshire College 


Unpopular Essays on Technological 

Progress. Nicholas Rescher. 122 pp. 

University of Pittsburgh Press, 1989. 

$8.95. 

This volume is a collection of eight es¬ 
says by one of the most prolific and re¬ 
spected contemporary American philos¬ 
ophers, The common thread among them 
is concisely described by the author as 
“the impact for human concerns of the 
complexity and scope of modern techno¬ 
logical progress and its economic and so¬ 
cial ramifications.” The topics Rescher 
addresses—including the criminal justice 
system, health care delivery policy, and 
preservation of endangered species-are 
as controversial as they are significant. 
The Volume’s title is justified because al¬ 
most every reader will be unhappy withal 
least one of Reseller's conclusions, even 
though he or she may be hard pressed to 
find a flaw in the argument leading to 
it. 

A careful examination of his arguments 
reveals that Rescher’s line of reasoning is 
quite consistent throughout these diverse 


essays. In essence, he is successfully 
pursuing the Aristotelian ideal of the 
Golden Mean—the middle ground be¬ 
tween the extreme positions about which 
all too many people are gathered in this 
era of single-issue politics. 

These essays are no more representa¬ 
tive of scholarly studies in philosophy 
(including Rescher’s own work) than es¬ 
says on similar topics by Amitai Etzioni 
are representative of the sociological lit¬ 
erature. Rather, they display the results 
of applying a powerful intellect trained in 
a specific discipline to societal prob¬ 
lems. 

These essays are written in a style and 
vocabulary which make them very acces¬ 
sible to scientists, who may, however, be 
unhappy with certain of Rescher’s con¬ 
clusions. Economists will bridle at his 
critique of one of their sacred cows—the 
Pareto principle. And his carefully rea¬ 
soned answer to the question “Why save 
endangered species?” will not be entirely 
satisfactory to either conservationists or 
technocrats. But Rescher’s final essay on 
the economic limits to scientific research 
should win the applause of almost every 
scientist, since the last sentence in the 
book is, “This allocation of roughly one- 
tenth of one percent of GNP to pure 
science is certainly not exorbitant and 
perhaps not even seemly, considering the 
size of our material and intellectual stake 
in the enterprise”.—Robert J, Baum, 
Center for the Study of the Human Di¬ 
mensions of Science and Technology, 
Bensselaer Polytechnic Institute 

A History of Technology and Inven¬ 
tion: Progress through the Ages, Vol. 3: 

The Expansion of Mechanization, 

1725-1860. Maurice Daumas, ed. 

Trans. Eileen B. Hennessy. 758 pp. 

Crown, 1979. $30. 

The history of technology tells how 
people are transformed by the way they 
transform power. Daumas’s three-volume 
History of Technology and Invention 
(published in France in 1968) witnesses to 
three distinct stages in this process: the 
era of manpower; the era of natural power, 
both inanimate and animal; and the era of 
artificial power, which greatly increased 
the amount of power available. In each 
stage, new technology encouraged social 
reorganization as people developed from 
complex machines to makers of ma¬ 
chines. 

This third volume is a well-integrated 
analysis of the third stage—that is, the 
Industrial Revolution proper and the 
decades immediately preceding and fol¬ 
lowing it. As in the rest of the series, 
Daumas and his contributors emphasize 
the state of technology itself and assess 
the originality of inventions; here they 
also chart the development of engineering 
as a profession. Happily, they recognize 
the interdependence of technology, eco¬ 
nomic organization, and social structure, 
and their analyses of technology accom¬ 


plishments tend therefore to be embed¬ 
ded in the broader context. Moreover, 
while the focus is properly on Britain and 
western Europe, the contributors have 
incorporated evidence from America, 
central and eastern Europe, and Russia. 

The volume as a whole is useful, and 
individual chapters have special interest: 
Ache and Daumas show how housing and 
sanitation were affected by population 
growth, fear of cholera, the state of tech¬ 
nology, and the available labor force; and 
Faucher’s chapter on agriculture is ex¬ 
emplary for its analytical approach, One 
can only regret that the contributors were 
not better served by their bibliogra¬ 
phies. 

Daumas’s series has been called the 
French response to Singer’s History of 
Technology, but it has a distinctive 
character and merit of its own, which are 
especially evident in this volume. Dau¬ 
mas’s overall organization is more per¬ 
suasive, and his contributors are more 
attentive to the social and economic 
realities. The history of technology is a 
difficult subject to do well, for it requires 
comprehensive skills and abounds in 
controversial questions. An overview of 
the subject should provide framework 
without losing sight of detail, be sensitive 
to explanatory pitfalls, and stimulate 
further research, The Daumas series does 
these well.— Alice Stroup, History, Bard 
College 


Bubonic Plague in Early Modern 
Russia: Public Health and Urban Di¬ 
saster. John T, Alexander. The Johns 
Hopkins University Studies in Histor¬ 
ical and Political Sciences, 98th Series, 
1. 385 pp. Johns Hopkins University 
Press, 1980, $30. 

The focus of this monograph is on 
urban disaster and governmental re¬ 
sponse. If there is any cheerful note here, 
it is in the unspoken assumption that a 
study of past responses to disasters might 
improve future preparations for them. 
Bacteriology has since eliminated the 
mystery that accompanied the disaster 
described here, but governments must 
still cope with poorly understood health 
hazards. Legionnaires’ Disease, Swine 
Flii, the Three Mile Island episode, Love 
Canal pollution, and the eruption of 
Mount St. Helens are recent American 
examples of this, though none are on the 
scale of Moscow’s plague of 1770-71, 
which Alexander calls “one of the worst 
urban disasters of the preindustrial 
era.” 

A large-scale epidemic will contain el¬ 
ements of drama—in this case, for ex¬ 
ample, the mob’s assassination of Arch¬ 
bishop Amvrosii—but the historian’s at¬ 
tention usually fixes upon how well the 
government responded to the crisis. Bu¬ 
reaucratic debates tend to be less than 
dramatic, and their retelling sometimes 
less than exciting. Nevertheless, Alexan¬ 


der does a superb job of putting into per¬ 
spective all aspects of the situation. At a 
time when communications were slow, 
medical practitioners scarce, under¬ 
standing limited, and Catherine the 
Great’s government distracted by war 
with Turkey (the source of infection), 
quarantines and other government mea¬ 
sures were difficult to enforce, and of little 
effect when they were enforced. 

The most successful government re¬ 
sponses came after the epidemic had 
disappeared: increased recruitment of 
foreign medical practitioners, develop¬ 
ment of welfare agencies, and changes in 
the building code. 

This is a careful study, ten years in the 
making. Alexander follows the traditional 
belief that bubonic plague is spread al¬ 
most entirely by rat fleas, whereas some 
recent students are arguing that human 
fleas play a role, after all. The only error 
I found that seems worth mentioning is 
the reversal of illustrations for Figures 1 
and 2 ,—Frank N. Egerton III, Social 
Sciences, University of Wiscansin- 
Parkside 


The Thermal Theory of Cyclones: A 
History of Meteorological Thought in 
the Nineteenth Century. Gisela Kutz- 
bach. 255 pp. Boston: American Mete¬ 
orological Society, 1979. $30. 

The science of weather advances, 
spreads, and regroups as rapidly as a 
midwestern cumulonimbus line in late, 
July, exhibiting similar periods of storm 
and charged calm. Gisela Kutzbach ex¬ 
haustively details for the 1800s these 
pulsations of steady advancement, con¬ 
troversy, even short-lived complacency in 
the search for an acceptable explanation 
of cyclones. 

The numerous questions posed in the 
Introduction are admirably answered in 
the body of the work and should give 
satisfaction to those who thrive on the 
give-and-take of research interaction and 
multinational influences. Though perhaps 
somewhat weighty for the general reader, 
this is a solid, fully referenced study of the 
growth of a theory, presenting both the 
intellectual and the nonintellectual de¬ 
velopments in logical sequence. The 
mathematical concepts are faithfully 
documented, as is the evolution of today’s 
synoptic weather map. An excellent ap¬ 
pendix of biographical sketches is in¬ 
cluded, to which the reader should often 
refer. By doing so, he can savor the pre¬ 
dominant spirit of the times as the nu¬ 
merous researchers propose new ap¬ 
proaches and modify those of longer 
standing. The influence of hydrodynamics 
and thermodynamics is particularly no¬ 
table and is well chronicled here, as are 
the improvement and expansion of ob¬ 
servations and their accelerated dissem¬ 
ination. 

To devotees of the history of science— 
both of ideas and of research—this work 
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will prove valuable. It relates in scholarly 
detail the emergence of the field of me¬ 
teorology as “the science of the physics of 
the atmosphere” in the years within its 
scope.—Sister de Montfort Babb, IBM., 
Geology, Hofstra University 


Science and the Cure of Disease: Let¬ 
ters to Members of Congress. Efraim 
Racker. 105 pp. Princeton University 
Press, 1979. $12.50 cloth, $4.95 paper. 

Racker believes it is the duty of scien¬ 
tists to make available their knowledge 
and expertise to members of Congress, the 
public, and other nonscientists involved 
in making decisions on the allocation of 
funds for research. These six “letters” 
make a strong case for stable support of 
basic science as being in the best interests 
of the people of the United States and the 
world. Each letter, although addressed to 
members of Congress, is written in a 
manner that explains the role of research 
in basic science to lay as well as scientific 
readers. The topics covered are: neuro¬ 
biology, and mental health and disease; 
cancer; heart disease, hypertension, ar¬ 
teriosclerosis, and diabetes; genetic dis¬ 
eases; allocation of research funds; and 
risks and benefits of science to society. As 
physician, researcher, and biochemist, the 
author has impressive qualifications for 
writing these letters: member of the Na¬ 
tional Academy of Sciences, ^.recipi¬ 
ent of a National Medal of Science, and 
Albert Einstein Professor of Biochemistry 
at Cornell University. The letters are 
clearly written and contain sufficient 
personal experience to make interesting 
reading. Racker not only describes the 
current state of biomedical sciences in 
most major areas but also indicates future 
directions of research. Scientists and lay 
persons alike should find reading this 
small collection of letters both enjoyable 
and informative.— S, R, Bruesch, Anat¬ 
omy, University of Tennessee Center for 
the Health Sciences, Memphis 


Scientific and Philosophical Writings. 

Jonathan Edwards. Wallace E. An¬ 
derson, ed. Works, 6, 443 pp. Yale 
University Press, 1980, $25. 

Jonathan Edwards profoundly in¬ 
fluenced Protestant thought in the 18th 
century. A generation ago scholars often 
viewed him as an anachronism, but recent 
investigation is yielding a better estimate 
of the New England religious leader. This 
volume demonstrates the close relation 
between Edwards’s scientific and philo¬ 
sophical interests and his theology. The 
text has sections on the “Spider” papers, 
"Natural Philosophy” and related papers, 
and “The Mind” and related papers; 
several of these writings have not been 
previously published. 

In his Introduction, the editor shows 


that Edwards’s scientific essays were 
written later and over a longer period than 
had been supposed. He wrote his earliest 
scientific and philosophical papers at Yale 
after the modern works of science and 
philosophy in the Dummer collection 
stimulated in him a major intellectual 
awakening. Edwards was nearly unique 
among colonial scientists in treating 
physics, and his theory of the nature of 
the physical world belongs to the modern 
rather than the medieval age. His scien¬ 
tific masters were Descartes, Gassendi, 
Boyle, and Newton. 

The bulk of the Introduction traces the 
development of Edwards’s philosophical 
thought. During the first stage he sought 
to refute metaphysical materialism. This 
led to a system in which the being of 
bodies immediately depends upon God’s 
will and power. During the second stage 
Edwards developed an idealistic phe¬ 
nomenalism which held that nothing can 
exist without being perceived or known. 
Edwards was influenced here by Henry 
More, Locke, and Berkeley, but his phil¬ 
osophical idealism differed from any de¬ 
veloped by major philosophers of the 17th 
century. 

This book ably documents the response 
of a major American theologian to the 
thought of the Enlightenment. Compar¬ 
ison of Edwards, who wrote most of these 
papers between 1719 and 1723, with 
Cotton Mather, who completed the 
manuscript of The Christian Philosopher 
in 1715, underscores the rapid pace of 
colonial scientific thought in those 
years .—Winton U. Solberg, History, 
University of Illinois 


Hall Jackson and the Purple Foxglove: 
Medical Practice and Research in 
Revolutionary America 1760-1820. J. 
Worth Estes, 291 pp. University Press 
of New England, 1979. $15, 

Late 18th-century American medicine, 
as seen by Richard Shryock and by Daniel 
Boorstin’s gloss on Shryock, has not been 
held in high esteem, possibly because too 
much attention has been given to Benja¬ 
min Rush, on the one hand, and to ill- 
trained practitioners, on the other. By 
focusing pn Hall Jackson, a physician- 
surgeon in Portsmouth, New Hampshire, 
Estes presents a more positive picture. 
The principal title of the book may be 
misleading, It is not the biography of a 
minor figure ihvolved in a “famous first,” 
but rather, in the terms of the subtitle, a 
study of medical research and practice, 
The career of Hall Jackson is merely the 
organizing element. 

Jackson serves that function well be¬ 
cause he was relatively ordinary. He was 
trained by his father and uncle and not in 
a university, although he may have spent 
some time in teaching rounds at London’s 
Middlesex Hospital. Portsmouth was less 
healthy than rural New Hampshire but 


more healthy than larger port cities. 
Jackson’s patients seem to have suffered 
the same diseases, in similar proportions, 
as the patients of his medical contempo¬ 
raries. Jackson inoculated for smallpox, 
“couched” for cataracts, and did ampu¬ 
tations, which involved him in preventive 
medicine, elective surgery, and life-saving 
surgery. He also served briefly with the 
American forces after the Battle of 
Bunker Hill, which gives Estes an oppor¬ 
tunity to discuss military medicine during 
the War for Independence. 

Estes resists the temptation to inflate 
Jackson’s introduction of Digitalis pur¬ 
purea to treat congestive heart failure. He 
was not the only introducer, and the plant 
probably had grown in American gardens 
earlier in the century. Estes combines his 
role as pharmacologist with that of his¬ 
torian of medicine in dealing with the 
history of the use of a still-important 
medicinal plant, even as he provides many 
entrees into the larger state of early 
American medicine .—George F. Frick, 
History, University of Delaware 


Robert Oppenheimer: Letters and 

Recollections. Alice Kimball Smith and 

Charles Weiner, eds. 376 pp. Harvard 

University Press, 1980. $20. 

After all that has been written abut 
Robert J. Oppenheimer, the kind of per¬ 
son he was, his leadership role in the 
Manhattan Project, his subsequent con¬ 
flicts with the Atomic Energy Commis¬ 
sion, and the implications for the rela¬ 
tionship between scientific technology 
and the political fabric of American cul¬ 
ture, now comes a collection of letters and 
recollections edited by Alice Kimball 
Smith and Charles Weiner. Rather than 
being anticlimactic, this small volume 
provides a new standard for judging all 
that has come before and all that is to 
come in the future. It is a wonderful 
book. 

The core of the book is letters Oppen¬ 
heimer wrote over the years to three con¬ 
fidants: his high school English teacher, 
Herbert W. Smith; a high school friend, 
Francis Fergusson; and his brother, Frank 
Oppenheimer. The recollections are 
drawn from many sources: other writings 
of Oppenheimer, the transcripts of in¬ 
terviews conducted with him later in his 
life, and interviews with acquaintances. 
They are used to give meaningful back¬ 
ground to the letters and to provide a 
modicum of continuity. The narrative is 
done with’skill and in a manner that 
highlights rather than competes with the 
letters themselves. 

The letters, which cover the period 
from Oppenheimer’s entry into Harvard 
in 1922 until the end of World War II, not 
only provide a penetrating glimpse of 
Oppenheimer himself, they provide clear 
evidence and insight into the nature of the 
American academic community and how 
it changed over the years, as well as the 
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changing nature of the relationship be¬ 
tween science, technology, and the 
American government. 

Prior to the end of World War II, if one 
wanted a college education, it was not 
enough to be very smart One also had to 
come from the right social and economic 
class. Oppenheimer’s family was very well 
off, and of course Oppenheimer was very 
bright and very capable. Having made an 
impression on his undergraduate teach¬ 
ers, he rose, as we can see in the letters, in 
the rather small community of the world’s 
leading physicists thanks to the old boy 
network among established academics. 
The economic window that made it pos¬ 
sible for some twenty years after World 


" “ “»«« «iuobi; anyone with themoti- 

vation to climb the academic ladder had 

not yet opened, Similarly the network of 
established scientific organizations and 
their relationship to government was verv 
different then. Government exerted less 
control over far fewer dollars, and per¬ 
sonal contact among individuals was far 
more important. The letters from the war 
period show how important that estab¬ 
lished network was in the creation of an 
undertaking like the Manhattan 
Project. 

The net effect of the letters and the 
narrative is to illuminate the history of the 
development of the American scientific 
community in the context of American 


culture between 1920 and 1950. The edi¬ 
tors of this volume are not only to be 
praised, they are to he thanked for doing 
such a fine job.—Stanley Goldberg, 
Natural Science, Hampshire College 


Erratum: The price for Ars Orientalis: 
The Arts of Islam and the East, Vol. 11, 
edited by Elisabeth West Fitzhugh et al., 
reviewed in the July-August issue {Am. 
Sci. 68:465), is $30, and the correct name 
of the dedicatee is Rutherford John Get- 
tens. 
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Zuckerman, Bert M., ed. Nematodes as 
Biological Models, Vol. 1: Behavioral 
and Developmental Models. 312 pp. 
Vol. 2: Aging and Other Model Sys¬ 
tems. 306 pp. Academic Press. $35 
each. 



Ecology and Environment 


Mohtadi, M. F., ed. Man and His Envi¬ 
ronment, Vol, 3. 152 pp. Pergamon 
Press. $37. 

Pfafflin, James R., & Edward N, Ziegler, 
eds. Aduances in Environmental 
Science and Engineering, Vol. 3.224 
pp. Gordon and Breach. $59. 

Polunin, Nicholas, ed. Growth Without 
Ecodisasters? Proc. 2nd Internat. 
Conf., Reykjavik, Iceland, 1977.675 pp. 
Halsted Press. $49.95. 

Schiechtl, Hugo. Bioengineering for Land 
Reclamation and Conservation. 404 
pp. Edmonton, Alberta: University of 
Alberta Press. $30. 

Singh, Jag J., & Adarsh Deepak, eds. 
Environmental and Climatic Impact 
of Coal Utilization. Proc. Symp., 
Williamsburg, VA, 1979,655 pp. Aca¬ 
demic Press. $39.50. 

Stout, B. A. Energy for World Agricul¬ 
ture. FAO Agriculture Series. 286 pp. 
Unipub, 1979. $13.50 paper. 

Zoetman, B. C. J. Sensory Assessment of 
Water Quality, Series on Environ¬ 
mental Science, 2.148 pp. Pergamon 
Press. $27,50. 


Behavioral Sciences 

Agar, Michael H. The Professional 
Stranger: An Informal Introduction to 
Ethnography, Studies in Anthropolo¬ 
gy. 227 pp. Academic Press. $12.50 
paper. 

Barry, Herbert, III, & Alice Schlegel, eds. 
Cross-Cultural Samples and Codes. 
458 pp. University of Pittsburgh Press. 
$21.95 cloth, $9.95 paper. 

Bernheim, Hippolyte. Bernheim’s New 
Studies in Hypnotism. Trans. Richard 
S. Sandor, 407 pp. International Uni¬ 
versities Press. $27.50. 

Blankstein, Kirk R., Patricia Pliner, Janet 
Polivy, eds. Assessment and Modifi¬ 
cation of Emotional Behavior. Ad¬ 
vances in the Study of Communication 


lampos-Lopez, Enrique, ed. Renewable 
Resources: A Systematic Approach. 
Proc. Conf., Saltillo, Coahuila, Mexico, 
1979.410 pp. Academic Press. $29.50. 
Il-Hinnawi, Essam E., ed. Nuclear En¬ 
ergy and the Environment. Environ¬ 
mental Sciences and Applications, 11. 
300 pp, Pergamon Press. $45. 
loty, Milos, Erosion and Environment. 
Trans. Jana Ondrackovd. Environ¬ 
mental Sciences and Applications, 9. 
225 pp. Pergamon Press. $50. 
drgensen, S. E. Lake Management. 
Water Development, Supply, and 
Management, 14. 167 pp. Pergamon 
Press. $36. , , 

Cing, Alexander, & Harlan Cleveland, 
eds. Bioresources for Development: 
The Renewable Way of Life. Policy 
Studies on Energy and Environment. 
345 pp. Pergamon Press. $37.50. 
joehr, Raymond C., Colleen S. Martin, 
Walter Rast, eds. Phosphorus Man¬ 
agement Strategies for Lakes. Proc. 
Conf,, Cornell Univ., 1979.490 pp. Ann 
Arbor Science. $39.95. . 

icGraw-Hill Encyclopedia of Environ¬ 
mental Science, 2nd ed. 858 pp, 


and Affect, 6.225 pp. Plenum. $25. 

Brim, Orville, G., Jr„ & Jerome Kagan, 
eds. Constancy and Change in Human 
Development 754 pp. Harvard Uni¬ 
versity Press. $27.50. 

Brown, Patricia Eyring, & A. E. Rogge, 
Archaeological Investigations at AZ 
U:6:61 ( ASU ), A Prehistoric Limited 
Activity Site in South-Central Arizo¬ 
na. Technical Paper 4, Anthropological 
Research Papers, 21. 85 pp. Depart¬ 
ment of Anthropology, University of 
Arizona. $4 paper. ; . , 

Brubakken, David M„ Judy A. Derouin, 
Helen L. Morrison. Treatment of Psy¬ 
chotic and Neurologically Impaired 
Children: A Systems Approach. 266 
pp. Van Nostrand Reinhold. $17.50. 

Caroff, Phyllis, & Mildred, Mailick, eds. 
Social Work in Health Services: An 
Academic Practice Partnership. Social 
Work Education & Practice, 1.205 pp. 
Neale Watson. $15.95 doth, $9.95 

Cartledge, Gwendolyn, & JoAnne Fellows 
Milburn, eds. Teaching Social Skills to 
Children: Innovative Approaches, 

General Psychology. 322 pp, Pergamon 

S9.95 
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Palaeolithic-Neolithic Transition in 
Old World Prehistory, 122 pp. Co¬ 
lumbia University Press. $15. 

Corson, Samuel A., & Elizabeth O’Leary 
Corson. Ethology and Nonverbal 
Communication in Mental Health: An 
Interdisciplinary Biopsychosocial 
Exploration. International Series in 
Biopsychosocial Sciences. 272 pp. 
Pergamon Press. $41. 

Datan, Nancy, & Nancy Lohmann, eds. 
Transitions of Aging, 221 pp. Academic 
Press. $18.50. 

Ekman, Paul, The Face of Man: Expres¬ 
sions of Universal Emotions in a New 
Guinea Village, 143 pp. Garland 
STPM. $25. 

Field, Tiffany Martini, ed. High-Risk 
Infants and Children: Adult and Peer 
Interactions. Developmental Psy¬ 
chology. 387 pp. Academic Press, $27. 

Fox, Lynn H., Linda Brody, Dianne 
Tobin, eds. Women and the Mathe¬ 
matical Mystique. Proc, 8th Annual 
Hyman Elumberg Symp,, Johns Hop¬ 
kins Univ., 1976. 211 pp. Johns Hop¬ 
kins University Press. $16,50 cloth, 
$5,05 paper. 

Gellner, Ernest, ed. Soviet and Western 
Anthropology, 285 pp. Columbia Uni¬ 
versity Press, $37.50, 

Gergen, Kenneth J., Martin S. Greenberg, 
Richard H. Willis, eds, Social Ex¬ 
change: Advances in Theory and Re¬ 
search. 306 pp. Plenum. $24.50. 

Hagen, Margaret A„ ed. The Perception 
of Pictures, Vol. 1: Alberti’s Window: 
The Projective Model of Pictorial In¬ 
formation, Series in Cognition and 
Perception. 293 pp. Academic Press. 
$27. 

Hammond, Kenneth R,, Gary H. 
McClelland, Jeryl Mumpower. Human 
Judgment and Decision Making: 
Theories, Methods , and Procedures. 
258 pp. Hemisphere/Praeger. $22.80. 

Hannerz, Ulf, Exploring the City: In¬ 
quiries Toward an Urban Anthropol¬ 
ogy. 378 pp. Columbia University 
Press. $15. 

Hersen, Michael, Richard M. Eisler, Peter 
M. Miller, eds. Progress in Behavior 
Modification, Vol. 9.296 pp, Academic 
Press. $29.50. 

Levine, Seymour, & Holger Ursin, eds. 
Coping and Health. NATO Conference 
Series, 3; Human Factors, 12.364 pp. 
Plenum. $35. 

Leweristein, Suzanne M., ed. Proceedings 
of the Eighth International Congress 
for the Study of the Pre-Columbian 
Cultures of the lesser Antilles. An¬ 
thropological Research Papers, 22.623 

S x Department of Anthropology, 
niversity of Arizona. $20 paper. 
Luria, Aleksandr Romanovich. Higher 
Cortical Functions in Man, rev. ed. 
Trans. Basil Haigh, 634 pp, Basic 
Books, $27.50. 

McGimaey, Charles R., III. Mariana 
Mesa: Seven Prehistoric Settlements 
in West-Central New Mexico: A Re¬ 
port of the Gila Expedition, Papers of 
the Peabody Museum of Archaeology 
and Ethnology, 72.298 pp. Cambridge, 
MA; Peabody Museum of Archaeology 
and Ethnology, Harvard University. 
$20 paper. 

McNeill, William H. The Human Con¬ 
dition: An Ecological and Historical 
View. Bland-Lee Lecture Series De¬ 


livered at Clark Univ., 1979. 81 pp. 
Princeton University Press. $8.50. 

Martin, Garry L., & J. Grayson Osborne, 
eds. Helping in the Community: Be¬ 
havioral Applications, 415 pp. Plenum. 
$22.50. 

Nandan, Yash, ed. Emile Durkheim: 
Contributions to L’Annee Sociologi- 
que. Trans. John French et al. 522 pp. 
Free Press. $19,95. 

O’Connell, April, & Vincent F. O’Connell. 
Choice and Change: The Psychology of 
Adjustment, Growth, and Creativity, 
rev. ed. 543 pp. Prentice-Hall. $12.95 
paper. 

Rescorla, Robert A. Pavlovian Second- 
Order Conditioning: Studies in Asso¬ 
ciative Learning, MacEachran Lec¬ 
tures, 120 pp. Halsted Press. $14.95. 

Ritchie, Graeme D, Computational 
Grammar: An Artificial Intelligence 
Approach to Linguistic Description. 
254 pp. Barnes & Noble. $25. 

Rothenberg, Albert, The Emerging 
Goddess: The Creative Process in Art, 
Science, and Other Fields. 440 pp. 
University of Chicago Press, 1979. 
$22.50. 

Routtenberg, Aryeh, ed, Biology of Re¬ 
inforcement: Facets of Brain-Stimu¬ 
lation Reward. Behavioral Biology. 174 
pp. Academic Press. $16, 

Rushton, J. Philippe. Altruism, Sociali¬ 
zation, and Society. Series in Social 
Learning Theory, 244 pp. Prentice- 
Hall. $16.95, 

Russell, Howard S. Indian New England 
Before the Mayflower. 284 pp. Uni¬ 
versity Press of New England. $17.50. 

Sarbin, Theodore R., & James C. Man- 
cuso. Schizophrenia: Medical Diag¬ 
nosis or Moral Verdict 1 ! General Psy¬ 
chology. 263 pp. Pergamon Press, 
$25. 

Segal, Hanna. Melanie Klein. Modern 
Masters. 194 pp, Viking, 1979. $12.95. 

Selman, Robert L, The Growth of Inter¬ 
personal Understanding: Develop¬ 
mental and Clinical Analyses. Devel¬ 
opmental Psychology. 343 pp. Aca¬ 
demic Press. $25. 

Seward, John P,, & Georgene H, Seward. 
Sex Differences: Mental and Tem¬ 
peramental. 215 pp. Lexington Books. 
$22.95. 

Shorr, Joseph E., et al,, eds. Imagery: Its 
Many Dimensions and Applications. 
Proc. Conf,, Los Angeles, 1979.398 pp. 
Plenum. $32.50. 

Sow, I. Anthropological Structures of 
Madness in Black Africa. Trans. Joyce 
Diamanti, 248 pp. International Uni¬ 
versities Press, $17.50. 

Spicer, Edward H, The Yaquis: A Cul¬ 
tural History. 393 pp. University of 
Arizona Press, $28,50 cloth, $14.50 
paper. 

Spitzer, Therese. Psychobattery: A 
Chronicle of Psychotherapeutic Abuse, 
236 pp. Clifton, NJ: Humana Press. 
$11.95. 

Spoehr, Alexander, ed. Maritime Adap¬ 
tations: Essays on Contemporary 
Fishing Communities. 161 pp. Uni¬ 
versity of Pittsburgh Press. $12.95. 

Story, Ronald. Guardians of the Uni- 
verse! 207 pp. St. Martin’s Press, 
$8.95. 

Trieschmann, Roberta B. Spinal Cord 
Injuries: Psychological, Social and 
Vocational Adjustment. General 


Psychology. 234 pp. Pergamon Press. 
$25. 

Umana, Roseann F., Steven Jay Gross, 
Marcia Turner McConville. Crisis in 
the Family: Three Approaches. 199 pp. 
Halsted Press. $21.95, 

Valenstein, Elliot S., ed, The Psychosur¬ 
gery Debate: Scientific, Legal, and 
Ethical Perspectives. 594 pp. W. H. 
Freeman. $25 cloth, $14 paper. 

Waller, T. Gary, & G. E. Mackinnon, eds. 
Reading Research: Advances in 
Theory and Practice, Vol, 1,262 pp. 
Academic Press, 1979. $20. 

Wass, Hannelore, et al. Death Education: 
An Annotated Resource Guide. 303 pp. 
Hemisphere. $27.90. 


Mathematics and 
Computer Science 

Ahmad, Shair, Marvin Keener, A. C. 
Lazer, eds. Differential Equations. 
Proc. Conf., Oklahoma State Univ., 
Stillwater, 1979. 278 pp. Academic 
Press. $20. 

Araujo, Aloiaio, & Evarist Gine. The 
Central Limit Theorem for Real and 
Banach Valued Random Variables. 
Series in Probability and Mathematical 
Statistics. 233 pp. Wiley. $26.95. 

Bersoff, Edward H., & Vilas D. Hender¬ 
son. Software Configuration Manage¬ 
ment: An Investment in Product In¬ 
tegrity. 385 pp. Prentice-Hall. $24.95. 

Bing, Jon, & Knut S. Selmer, eds. A Dec¬ 
ade of Computers and Law. Publica¬ 
tions of the Norwegian Research Center 
for Computers and Law, 7,475 pp. Co¬ 
lumbia University Press. $34 paper. 

Boguslavsky, Boris W. Elementary 
Computer Programming in FOR¬ 
TRAN IV, 2nd ed. 482 pp. Reston. 

Br'auer, Richard. Collected Papers. Paul 
Fong & Warren J. Wong, eds. Vol. 1: 
Theory of Algebras and Finite Groups. 
615 pp. Vol. 2: Finite Groups. 586 pp, 
Vol. 3: Finite Groups, Lie Groups, 
Number Theory, Polynomials and 
Equations; Geometry, and Biography, 
689 pp. Mathematicians of Our Time, 
Vols, 17-19. MIT Press. $165 set. 

Cassel, Don, & Martin Jackson. Intro¬ 
duction to Computers and Information 
Processing, 525 pp. Reston. $16.95. 

Cassel, Don, & Richard Swanson. BASIC 
Made Easy: A Guide to Programming 
Microcomputers and Minicomputers. 
240 pp. Reston. $12.95 doth, $9.95 
paper. 

Chattergy, Rahul, & Udo W. Pooch. 
Top-down, Modular Programming in 
FORTRAN with WATFIV. Winthrop 
Computer Systems Series. 217 pp. 
Prentice-Hall. $11.95 paper. 

Christensen, Ronald. Entropy Minimax 
Sourcebook, Vol. 3: Computer Imple¬ 
mentation. 254 pp, Lincoln, MA; En¬ 
tropy Limited. $37.50. 

Clarke, M. R. B., ed, Advances in Com¬ 
puter Chess, Vol. 2.142 pp. Columbia 
University Press. $10. 

Cody, William J., Jr., & William Waite. 
Software Manual for the Elementary 
Functions, Series in Computational 
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Mathematics. 269 pp. Prentice-Hall. 
$16.95. 

Cohn, Donald L. Measure Theory. 373 
pp. Birkhauser Boston. $19.95. 

Deem, Bill R., Kenneth Muchow, An¬ 
thony Zeppa, Digital Computer Cir¬ 
cuits and Concepts, 3rd ed. 532 pp. 
Reston. $17.95. 

Dobrushin, R. L., & Ya. G. Sinai, eds. 
Multicomponent Random Systems. 
Advances in Probability and Related 
Topics, 6. 606 pp. Marcel Dekker. 
$65. 

Gunst, Richard F., & Robert L. Mason. 
Regression Analysis and Its Applica¬ 
tions. Statistics; Textbooks and 
Monographs, 34.402 pp. Marcel Dek¬ 
ker. $39.75. 

Hurt, Norman, & _ Robert Hermann. 
Quantum Statistical Mechanics and 
Lie Group Harmonic Analysis, Part A. 
Lie Groups, 10.251 pp, Brookline, MA; 
Math Sci Press. No price given. 

Kahn, Donald W. Introduction to Global 
Analysis. Pure and Applied Mathe¬ 
matics. 336 pp. Academic Press. 
$34.50. 

Kahn, P, M., ed. Computational Proba¬ 
bility. Proc. Conf., Brown Univ,, 
Providence, 1975. 340 pp. Academic 
Press. $21. 

Kennington, Jeff L,, & Richard V. Hel- 
gason. Algorithms for Network Pro¬ 
gramming. 291pp. Wiley-Interscience, 
$23.50. 

Lipovski, G. Jack. Microcomputer In¬ 
terfacing: Principles and Practices. 
Series in Computer Science. 426 pp. 
Lexington Books. $24.95. 

Nickerson, Robert C. Fundamentals of 
FORTRAN Programming, 2nd ed. 450 
pp. Prentice-Hall. $11.95 paper. 
Parker, Alan J., & Val Silbey. BASIC for 
Business for the PDP-11 .264 pp. Res¬ 
ton. $10.95 paper. 

Paulos, John Allen. Mathematics and 
Humor. 116 pp. University of Chicago 
Press. $12.95. 

Rowen, Louis Halle. Polynomial Identi¬ 
ties in Ring Theory. Pure and Applied 
Mathematics. 365 pp, Academic Press. 
$39.50. 

Schroder, Johann, Operator Inequalities. 
Mathematics in Science and Engi¬ 
neering, 147.367 pp. Academic Press. 
$39.50. 

Sternberg, Robert L., Anthony J. Kali- 
nowski, John S. Papadakis. Nonlinear 
Partial Differential Equations in En¬ 
gineering and Applied Science. Pure 
and Applied Mathematics, 54.480 pp. 
Marcel Dekker. $55 paper. 

Techo, Robert. Data Communications: 
An Introduction to Concepts and De¬ 
sign. Applications of Modern Tech¬ 
nology in Business. 293 pp. Plenum. 
$24.50. 

Watson, G. A. Approximation Theory 
and Numerical Methods. 229 pp. 
Wiley-Interscience. $24,95. 



Engineering and Applied 
Sciences 



Babister, A. W. Aircraft Dynamic Sta¬ 
bility and Response. 220 pp. Pergamon 
Press. $35 cloth, $15 paper. 


Barbe, D. F., ed. Very Large Scale Inte¬ 
gration {VLSI): Fundamentals and 
Applications. Series in Electrophysics, 
279 pp. Springer-Verlag. $29. 

Bernard, Harold, Jr. The Greenhouse 
Effect. 189 pp. Ballinger. $12.95. 

Blackwelder, Sheila Kyser. Science for All 
Seasons: Science Experiences for 
Young Children. A Spectrum Book. 
265 pp. Prentice-Hall. $11.95, 

Blaquiere, A,, F. Fer, A. Marzollo, eds. 
Dynamical Systems and Microphysics. 
Internat. Centre for Mechanical Sci¬ 
ences, CISM Courses and Lectures, 
261. 412 pp, Springer-Verlag. $39 
paper. 

Bozic, S, M. Digital and Kalman Filter¬ 
ing: An Introduction to Discrete-Time 
Filtering and Optimum Linear Esti¬ 
mation. 157 pp. Halsted Press, 1979, 
$23.95 paper. 

Braden, Spruille, III, & Kathleen Steiner. 
Successful Solar Energy Solutions. 302 
pp. Van Nostrand Reinhold. $24.50. 

Brewer, George R., ed. Electron-Beam 
Technology inMicroelectronic Fabri¬ 
cation. 362 pp. Academic Press. 
$36.50. 

Burke, John J., & Volker Weiss, eds. Risk 
and Failure Analysis for Improved 
Performance and Reliability. Saga¬ 
more Army Materials Research Con¬ 
ference Proceedings, 24. 355 pp. Ple¬ 
num. $42.50. 

Chen, Wai-Kai. Active Network and 
Feedback Amplifier Theory. 481 pp. 
Hemisphere/McGraw-Hill. $27.50. 

Cranberg, Lawrence, & A. Alan Moghissi, 
eds. Nuclear and Chemical Waste 


Biofouling Control: Symposium Pro¬ 
ceedings. 528 pp. Ann Arbor Science. 
$39,95. 

Garnell, P. Guided Weapon Control 
Systems, 2nd ed. 244 pp. Pergamon 
Press. $35. 

Goodman, Louis J., & Ralph N. Love, eds. 
Geothermal Energy Projects: Planning 
and Management. Policy Studies on 
Science and Technology. 230 pp. Per¬ 
gamon Press. $30. 

Gould, Phillip L., & Salman H. Abu-Sitta. 
Dynamic Response of Structures to 
Wind and Earthquake Loading. 175 
pp. Halsted Press. $39.95. 

Grace, John R., & John M, Matsen, eds. 
Fluidization. 605 pp, Plenum. $69.50. 

Gruim Franc, & C. James Bartleson, eds. 
Optical Radiation Measurements, Vol, 
2: Color Measurement. 372 pp. Aca¬ 
demic Press. $39.50. 

Head, K. H. Manual of Soil Laboratory 
Testing, Vol, 1: Soil Classification and 
Compaction Tests, 339 pp. Halsted 
Press. $44.95. 

Helbing, Wolfgang, & Adolf Burkart, 
Chemical Tables for Laboratory and 
Industry: Matter, Number, Process. 
Trans. R. Vardharajan & Sudhanshu 
Gupta. 272 pp. Halsted Press, 1979. 
$19.95. 

Hemer, Saul. A Brief Guide to Sources of 
Scientific and Technical Information, 
2nd ed. 160 pp. Arlington, VA: Infor¬ 
mation Resources Press. $15 paper. 

Hirvonen, J. K., ed. Ion Implantation. 
Treatise on Materials Science and 
Technology, 18. 502 pp. Academic 
Press. $55. 


Management, Vol. 1, No. 1. 95 pp. 
Pergamon Press. $66 instit., quarterly 
subscription. 

luenod, M. A., ed. Computer Aided De¬ 
sign of Control Systems. Proc. IF AC 
Symp., Zurich, 1979.688 pp. Pergamon 
Press. $125. 

larveniza, M. Electrical Properties of 
Wood and Line Design. 196 pp. St. 
Lucia, Australia: University of 
Queensland Press. $36.25 paper. 

)hir, Ravindra K., & John G. L. Munday, 
eds. Advances in Concrete Slab Tech¬ 
nology. Proc. Internat. Conf., Dundee 
Univ., Scotland, 1979.781 pp. Perga¬ 
mon Press. $100. 

MPippo, Ronald. Geothermal Energy as 
a Source of Electricity: A Worldwide 
Survey of the Design and Operation of 
Geothermal Power Plants. 370 pp. 
Washington, DC: DOE/U.S. Govern¬ 
ment Printing Office. $6. 

Dowling, Patrick J., ed. The Journal of 
Constructional Steel Research, Vol. 1, 
No. 1.49 pp. St. Albans, Herts., U.K.: 
Granada. £213x/yearly subscription. 

i'arah, Oscar G., et al .Ethylene: Basic 
Chemicals Feedstock Material. 103 pp, 
Ann Arbor Science. $29.50. 

i'rankiewicz, T. C., ed. Design and Man¬ 
agement for Resource Recovery, Vol. 1: 
Energy From Waste. 209 pp. Ann 
Arbor Science. $29.95. 

friedman, Edward J., et al. Electrotech¬ 
nology, Vol. 3: Stationary Lead-Acid 
Batteries: Applications and Perfor¬ 
mance. 99 pp. Ann Arbor Science. 
$29 95. 

Fuchs, H. O., & R. I. Stephens. Metal 
Fatigue in Engineering. 318 pp. 
WiW.Tnterscience. $29.95. 


Jensen, Paul A., & J. Wesley Barnes. 
Network Flow Programming. 408 pp. 
Wiley. $25.95. 

Kerrod, Robin. The Way It Works: Man 
and His Machines. 224 pp. Mayflower, 
$16.95 cloth, $9.95 paper. 

Koopman, Bernard Osgood. Search and 
Screening: General Principles with 
Historical Applications, 369 pp. Per¬ 
gamon Press, $40 cloth, $17.50 paper. 

Kottegoda, N. T. Stochastic Water Re¬ 
sources Technology. 384 pp. Halsted 
Press. $53.95. 

Kubo, R., & E. Hanamura, eds. Relaxa¬ 
tion of Elementary Excitations. Series 
in Solid State Sciences, 18. 283 pp. 
Springer-Verlag, $42.50. 

Lebens, Ralph M. Passioe Solar Heating 
Design. 234 pp. Halsted Press. 
$49.95. , ' , 

Leondes, C. T„ ed. Control and Dynamic 
Systems: Advances in Theory and 
Application, Vol. 16.371 pp. Academic 
Press. $27.50, . rr , 

Light and Its Uses: Making and Using 
Lasers, Holograms, Interferometers 
and Instruments of Dispersion, 
Readings from "The Amateur Scien¬ 
tist,’’ Scientific American, 147 pp. W. 
H. Freeman. $17.50 cloth, $8.95 

Lordf Norman W., Robert P. Ouellette, 
Paul N. Cheremisinoff. Electrotech¬ 
nology, Vol. 4: Heat Pump Technology, 
172 pp. Ann Arbor Science. $29.95. 

McDaniels, David K. The Sun: Cur Fu¬ 
ture Energy Source. 271 pp. Wiley, 
1979 $18.95. 

Martin, J. W. MicromechanismsinPar¬ 
ticle-Hardened Alloys. Solid State 
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Marlon, L, & C. Marton, eds. Advances 
in Electronics and Electron Physics, 
Vol, 51, 455 pp, Academic Press, 
$49.50. 

Maasonnet, Ch., W, Olszak, A, Philipps. 
Plasticity in Structural Engineering 
Fundamentals and Applications , In¬ 
ternal, Centre for Mechanical Sciences, 
CISM. Courses and Lectures, 241.302 
pp. Springer- Ver! ag. $27.80 paper, 

Pankove, J. I„ ed, Display Devices. Top¬ 
ics in Applied Physics, 40. 252 pp. 
Springer-verlag. $49.80. 

Pojasek, Robert B., ed, Toxic and Haz¬ 
ardous Waste Disposal, Vol. 4: New 
and Promising Ultimate Disposal 
Options. 313 pp. Ann Arbor Science. 
$39.95. 

Pyater, Arthur B, Compiler Design and 
Construction. Electrical/Computer 
Science and Engineering Series. 357 pp. 
Van Nostrand Reinhold, $24,50, 

Safonov, Michael George. Stability and 
Robustness of Multivariate Feedback 
Systems. Series in Signal Processing, 
Optimization, and Control, 3.171 pp, 
MIT Press. $25, 

Sandbank, C, P,, ed. Optical Fibre Com¬ 
munication Systems. 347 pp. Wiley- 
Interscience, $49, 

Satterfield, Charles N. Heterogeneous 
Catalysis in Practice. Chemical Engi¬ 
neering, 416 pp, McGraw-Hill 
$26,95.' 

Say, M, G., & E. Openshaw Taylor, Direct 
Current Machines. 380 pp. Halsted 
Press. $19,95 paper. 

Shames, Irving H. Engineering Me¬ 
chanics: Statics and Dynamics, 3rd ed. 
896 pp. Prentice-Hall. $24,95. 

Slater, Philip N. Remote Sensing: Optics 

, and Optical Systems. Remote Sensing. 
575 pp. Addison-Wesley. $34.50. 

Sliney, David, & Myron Wolbarsht. 
Safety with Lasers and Other Optical 
Sources: A Comprehensive. Handbook. 
1035 pp, Plenum, $49.50. 

Smith, Ralph J. Electronics: Circuits and 
Devices , 2nd ed. 494 pp. Wiley, 
$29,95. 

Stevens, Barbara J, Handbook of Mu¬ 
nicipal Waste Management Systems: 
Planning and Practice. Environmental 
Engineering, 300 pp. Van Nostrand 
Reinhold, $22.95, 

Straub, J., & K. Scheffler, eds. Water and 
Steam: Their Properties and Current 
Industrial Applications. Proc. 9th In¬ 
ternal Oonf., Technische University 
Munchen, 1979. 684 pp. Pergamon 
Press, $75, 

Stumpf, F. B„ Analytical Acoustics. 290 
pp, Ann Arbor Science. $29,95, 

Suhbarao, E, C,, ed, Solid Electrolytes 
and Their Applications. 298 pp, Ple¬ 
num. $35, 

Szokolay, S, K. Environmental Science 
Handbook for Architects and Builders, 
532 pp. Halsted Press, $76,95, 

Tsai, Stephen W., & H. Thomas Hahn, 
Introduction to Composite Materials. 
457 pp. Westport, CT: Technomic, 


$35. 

Van Trees, Harry L, ad. Satellite Com¬ 
munications. IEEE Press Selected 


Reprint Series, 665 pp. Wiley, 1979. 


$42.95. 

Varadan, V, K., & V. V, Varadan, eds, 
.. Acoustic, Electromagnetic and Elastic 


Wave Scattering: Focus on the T- 
Matrix Approach. Proc. Symp., Ohio 


State Univ., Columbus, 1979.693 pp, 
Pergamon Press, $70. 

Veziroglu, T. Nejat, ed. Multiphase 
Transport: Fundamentals, Reactor 
Safety, Applications, Vols, 1-5. 2932 
pp. Hemisphere. $350 set. 
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Amendments and Resolutions 

The September-October American Sci¬ 
entist (page 488) set forth the recom¬ 
mendation for the adoption of a com¬ 
pletely revised Constitution and Bylaws 
without any substantive changes. In ref¬ 
erence to this recommendation, the 1980 
Assembly of Delegates adopted the new 
Constitution and Bylaws by approving the 
following resolution: 

Resolved, that the "Constitution" and the 
"Bylaws" of Sigma Xi, The Scientific Re¬ 
search Society, be amended by deleting 
both these documents, currently in ef¬ 
fect, in their entirety and substituting 
therefor the revised documents entitled 
"Constitution" and "Bylaws," said docu¬ 
ments having been circulated to all the 
Chapters and Clubs as a part of the Call 
of this Assembly of Delegates. 

Following this action the Assembly of 
Delegates then, by a two-thirds vote, 


amended Article VII of the newly adopted 
Constitution so that in the future the By¬ 
laws of the Society may be amended by 
the Board of Directors provided that each 
amendment so approved by the Board is 
presented to each Chapter and Club and 
that any objection by a single chapter or 
club will cause the proposed amendment 
to await Assembly action before becom¬ 
ing effective. The time allowed for this 
possible veto process is sixty days. 

The Assembly did not adopt either of two 
resolutions as presented for action by the 
Committee on Resolutions on behalf of 
one individual and one chapter, respec¬ 
tively. One resolution concerned a pro¬ 
posed change in the name of American 
Scientist to Sigma Xi Scientist, and the 
other had to do with developing “a mech¬ 
anism for exchanging information be¬ 
tween the National Office and the Chap¬ 
ters and Clubs concerning actions under 
consideration at the national, state, and 
local level that Influence scientific policy 


and for providing for the establishment 
and maintenance of interaction between 
the Society and the appropriate govern¬ 
mental personnel to improve their under¬ 
standing of the science involved and to 
encourage the continuity of scientific re¬ 
search, the resulting plan and the steps 
taken to expedite It to be reported to the 
next Assembly of Delegates for its con¬ 
sideration." 

The first resolution failed to receive the 
simple majority vote needed for adoption, 
The second resolution actually consisted 
of two parts—one commending the per¬ 
formance of the Committee on Science 
and Society and the other as reported 
above. The first part was adopted unani¬ 
mously, but the second part was referred 
to the Committee on Science and Soci¬ 
ety for study and recommendations with¬ 
out any endorsement by the Assembly of 
Delegates. 

T.T.H. 


Statement of Ownorahip, Management, and 
Circulation (Act of August 12,1970: Section 
3685, Title 39, United States Code) 


SAVE YOUR COPIES OF 

American 
Scientist 

... in a handsome binder specially designed for American 
Scientist subscribers. Styled in Sigma Xi’s colors — azure 
blue with gold lettering - each binder neatly holds 12 issues 
and costs just $6,50 postpaid, (Please add $1 ea. outside USA) 


TO: SIGMA Xi 

345 Whitney Avenue, New Haven, Conn. 06511 

I enclose my check or money order for $- 

Please send me-__American Scientist binders. 


State ____. .— ——— 

Connecticut residents add T/{1 sales tax. 

Please allow at least six weeks for delivery, 

Note: Sofis/adion guaranteed or money refunded, 


1. Title of publication, American Scientist. 2. 
Date of filing, 30 September 1980.3. Frequency 
of issue and annual subscription price: bimonthly, 
$15.00.4. Location of office of publication, 345 
Whitney Ave., New Haven, CT 06511.5. Location 
of headquarters of publisher, same. 6. Names and 
addresses of publisher, editor, and managing ed¬ 
itor: Publisher, Thomas T, Holme, same; Editor, 
Jane V, Olson, same; Managing Editor, Michelle 
Press, same. 7. Owner, Sigma Xi, The Scientific 
Research Society, Inc., same address. 8. Known 
bondholders, etc., none. 9. The purpose, function, 
and nonprofit status of Sigma Xi, The Scientific 
Research Society, Inc., and its exemptstatus for 
federal income tax purposes have not changed 
during the preceding 12 months. 

10. Circulation Ae.no. 

copies ea. Single 
issue issue 

during nearest 
preceding to filing 
12 mas. date 


A. Total copies printed 132,886 132,043 

B. Paid circulation 

1. Soles through 
dealers, carriers, 

etc. 246 101 

2. Mail subscriptions 124,834 125,720 

C. Total paid circulation 125,079 125321 

D. Free distribution by 

mail, etc. 941 648 

E. Total distribution 126,020. 126,369 

F. Copies not distributed 

1. Office use, etc. 6,667 5,308 

2. Returns from news 

agents 199 366 

G. Total 132,886 132,043 


I certify that the statements made by me above 
nr» rnrrset and comnlete. Elizabeth A. Bocitel- 



A World Like Our Own 

Man and Nature in Madagascar 
Alison Jolly Photographs by Russ Kinne 

Ninety-five percent of Madagascar's plant and animal species are unique. In 
an appallingly short time they may also be extinct. Along with delightfully 
entertaining, first-hand accounts of these rare and amazing creatures, 
Alison Jolly describes with eloquence and sensitivity Madagascar's dis¬ 
turbing dilemma of how to preserve its precious natural heritage when 
poverty and worldwide eco¬ 
nomic pressures are 
threatening the survival 
of its human population. , 

"Biologically, Madagascar r 
is one of the most interest- < 
ing and important areas 
of the world and it is high 
time that such a splendid 
book was written about it." 

—Gerald Durrell 
193 illus. $29.95 


Man, The 
Promising 
Primate 

The Conditions of Human 
Evolution 
Peter J. Wilson 
How and why did animal nature 
become human nature? Writers in the 
field of human evolution have gen¬ 
erally shied away from this most 
intriguing and fundamental ques¬ 
tion. In this new book, Peter 
Wilson confronts the problem 
through a bold application of logic 
to existing evidence on such basic 
human adaptations as promises 
and taboos, self-conscious thought, 
objective reasoning, symbolic kin¬ 
ship, and ritual behavior. 

"A brilliant book, full of original 
insights and stimulating ideas," 
—Ashley Montagu $12.95 

Man Adapting 

Enlarged edition 
ReneDubos 

The esteemed scientist has enlarged 
his classic discussion of the biolog¬ 
ical and social problems of human 
adaptation with a new chapter on 
the usefulness of modern medicine. 
"Dubos has treated all aspects of indi¬ 
vidual adaptation with thorough¬ 
ness, skill, and authority,.,.This is 
an altogether fine book." 

—George Gaylord Simpson, Science 
Illus. Cloth $30.00 Paper $7.95 


Yale University Press 

New Haven and London 


Now available in paper 

Cosmos, Earth, 
and Man 

A Short History of the Universe 
Preston Cloud 

"A lively and thought-provoking 
account of the world we live in, how 
it got to be the way it is today, and 
what the future may hold..,. An 
innovative instructor might use this 
book as a text for a freshman college 
survey course for nonscience stu¬ 
dents. It can certainly be recom¬ 
mended as a source of current 
authoritative information to scien¬ 
tists and other educated people who 
welcome information outside their 
particular fields of expertise." 
—American Scientist Illus. $7,95 



The Coming of 
the Age of Iron 

edited by Theodore A. Wertime 
and James D.Muhly 

This important new book offers to 
students in many fields a balanced 
historical, cultural, and technical sur¬ 
vey of the advent of the Iron Age. 
Chapters by leading scholars from 
around the world describe the general 
setting and background of this major 
revolution in the history of civiliza¬ 
tion and give detailed accounts of how 
iron metallurgy developed, why its 
development differed regionally, and 
what these differences meant in the 
total culture of a region, 

Illus. $27.50 

Ethnographic 
Atlas of Ifugao 

Harold C. Conklin 

"This atlas will make a forceful 
impact not only on the anthropolog¬ 
ical milieu but also in geography, 
agronomy, etc, and on the scientific 
community in general," 

-Georges Condominas 
153 full color maps +170 black- 
and-white photographs $75.00 


Predation and 

Freshwater 

Communities 

Thomas M. Zaret , 

Focusing on freshwater fishes and 
their zooplankton prey, Zaret devel¬ 
ops a series of models examining 
how these species interact, in order 
to test the relative importance of 
predation and competition in deter¬ 
mining community structure. His 
conclusions from these simple fresh¬ 
water communities form the basis 
for generalizations to other fresh- 
.......... — „nA tpirpctrial svstems. 
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The MOP measuring tablet can 
be used with images directly gen¬ 
erated through a microscope, 

* by projection, or with photomicro¬ 
graphs, electron micrographs, 

;-Rays, drawings, etc. 
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Letters to the Editors 


emerges and develops and by which it 
is progressively conditioned. The 
underlying genetic capacity must be 
taken for granted, but the contents 
and pattern of its expression are 
provided by the culture and subcul¬ 
ture. This again puts conscience, like 
science,, at the heart of the “human 
enterprise.” 

The author discusses “self-criti¬ 
cism” as the function of con¬ 
science—-“that other, critical self,” 
which distances itself from its deeds” 


Volcano plumes 

To the Editors; 

Researchers who fly around volca¬ 
no plumes like those described by 
Charles L. Rosenfeld in his article 
“Observations on the Mount St. 
Helens Eruption” {Am. Sci. 68: 
494-509, September 1980) sometimes 
express surprise at the unexpectedly 
smooth (nonturbulent) air encoun¬ 
tered near the plume boundary. Also 
fascinating are the smooth white 
strips, or slivers, of vapor that occa¬ 
sionally project horizontally from the 
volcano plume. 

'The smooth air around the plumes 
is due to the stabilizing effect of dif¬ 
ferential atmospheric subsidence. As 
plume modelers know, the mass flux 
in a plume increases with height: the 
plume effectively acts as a pump that 
carries entrained air upward. Con¬ 
servation of mass requires air re¬ 
plenishment around the plume, and 
the only possible source of replen¬ 
ishment is from above, thereby caus¬ 
ing subsidence. Increase in magnitude 
of subsidence with height will in¬ 
crease a stable lapse rate of temper¬ 
ature through differential adiabatic 
heating-—i.e. air is heated more at 
high levels than at low levels, causing 
an inversion-like condition. The in¬ 
creased stability helps to dissipate 
turbulence. 

When a cloud rides this subsiding 
air into the plume, it becomes 
smooth, much as stratus is smooth 
when embedded in stable air. Also, 
the cloud undergoes evaporation 
caused by the adiabatic heating. In 
some cases, however, there may be 
sufficient condensed moisture to 
withstand this erosion long enough 
for the cloud to he visible upon being 
entrained into the plume core. In 
addition, the increase in horizontal 
velocity near the plume boundary, 
due to plume aspiration, stretches the 


cloud out, Combined, these effects 
give an entrained cloud its smooth, 
slivery appearance. 

Walter E. Frick 
Environmental Engineer 
Tetra Tech, Inc. 

Corvallis, OR 

The human component 

To the Editors: 

John E. Smith’s article “Science 
and Conscience” {Am. Sci. 68:554-58, 
September 1980) is timely, thorough, 
and convincing. It reveals clearly and 
deeply the ethical roots of science and 
the perceptual-scientific root of con¬ 
science, The author speaks of “the 
core of science as an apprehension of 
the nature of things” and as “the 
pursuit of a truth about the uni¬ 
verse.” 

In the light of findings at the fron¬ 
tiers of scientific research, especially 
subatomic physics, neurology, and 
psychology, these assertions could be 
expressed differently to bring out the 
human component of any “truth” 
that science reveals about the uni¬ 
verse. Through the sensory-percep¬ 
tion-reflection channel (the path of 
scientific knowledge) we apprehend 
phenomena subjectively and selec¬ 
tively; and, more significantly, ac¬ 
cording to the “uncertainty principle” 
of subatomic physics, the mere act of 
observing a particle changes its na¬ 
ture. The probing human mind is re¬ 
vealed as partaker in the “creation” 
of reality rather than as detached 
observer, and in this light the author’s 
emphasis upon Science as a “human 
enterprise” takes a deeper meaning. 

The author clarifies two significant 

implications of the prefix com in 
conscience, but he implies a third 
the social-cultural component, the 
source . from which conscience 



and “weighs itself in the balance.” I 
prefer to talk in terms of the human 
being functioning as a total living 
system, an integrated superseding 
self, capable of self-awareness and of 
passing judgment upon the roles it 
plays in various situations—the 
judgment of the whole upon the 
functions of the parts and not of the 
whole upon the whole. 

I applaud the author for his sound 
admonishment to those who, under a 
misguided interpretation of scientific 
investigation, declare the human 
being devoid of freedom, dignity, and 
conscience and to those who, at the 
other extreme, put conscience at the 
level of the absolute oracle. Scientia 
and conscientia, the twain long sep¬ 
arated by both scientific and religious 
dogmatism, shall be reunited. 

AfifLTannous 

International Center for Dynamics 

of Development 
Arlington, VA 

Dr. Smith replies: 

I very much welcome Dr. Tan- 
nous’s perceptive and constructive 
comments on my article. I certainly 
did not intend to exclude the active 
role of the investigator and the con¬ 
tribution thus made to the results of 
inquiry, That is one of the reasons I 
cited Peirce’s claim that we must al¬ 
ways keep in view the “flesh and 
blood experimenter” who carries on 
the inquiry. Dr. Tannous is correct in 
calling attention to the element of 
“creation” involved, but I am sure he 
would agree that in all attempts to 
gain knowledge there is an inter¬ 
weaving between “creation” and 
“discovery.” 

On the matter of self-criticism and 
exactly who is criticizing what or 
whom, I do not object to the idea that 
the judgment involved is a judgment 
of the whole—represented by the in¬ 
tegral self—upon “the functions of 
the parts” insofar as reference is made 
to a particular action or decision 
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within a specific context or type of 
activity. And, since I was referring in 
my discussion primarily to the sci¬ 
entific enterprise, the criticism of 
conscience would he directed to that 
partial functioning of the self. We 
should not, however, lose sight of the 
more “wholistic”—the figure of part 
and whole has unavoidable limita¬ 
tions—sort of judgment we can make 
upon ourselves as illustrated by St. 
Paul’s well-known confession: “The 
good that I would, I do not, and that 
that I would not, that I do.” This 
judgment is applicable in any context 
and thus refers to the self in a more 
basic dimension than that repre¬ 
sented by any partial activity. 

What seems to me of the greatest 
importance is that we are becoming 
increasingly aware of the important 
connections between spheres of 
learning and dimensions of experi¬ 
ence long separated by vested inter¬ 
est, prejudice, or lack of vision. 
Therefore I am grateful to Dr. Tan¬ 
nous for carrying the discussion for¬ 
ward. 


“Where is everybody?” 

To the Editors: 

I would like (at the risk of sounding 
a bit pedantic) to add some thoughts 
to the stimulating and often amusing 
article by John A. Ball, “Extrater¬ 
restrial Intelligence: Where Is Ev¬ 
erybody?” (Am. Sci. 68:656-63, No¬ 
vember 1980). While I agree with Dr. 
Ball that no other place in the solar 
system seems to be suitable for life to 
originate, the phrase “life as we un¬ 
derstand it” should perhaps be added 
to cover all potentialities. We are, 
after all, defining “life” from the very 
human and exclusive viewpoint: other 
life-forms may exist but we, as hu¬ 
mans, simply do not have the abilities 
to detect them. 

In considering the evolution of 
civilization, it would indeed be diffi¬ 
cult to predict developmental states 
for those older by “eons,” hut this, of 
course, assumes that the present age 
of our universe is in excess of 15-20 
billion years. Otherwise, again as¬ 
suming that life began on planet 
Earth 3-4 billion years ago (because 
approximately 10-15 billion years 
would have been required before 
conditions would become favorable), 
we might have to assume further that 
life in other systems required the 
same predevelopmental time, or that 
evolution of star systems otherwise 


proceeded at a different rate 
throughout a given galaxy or uni¬ 
verse. 

Holding to the former assumption 
precludes eons-old civilizations; 
holding to the latter implies that the 
origin of life (again as we define it) is 
not, and never will be, a unique event. 

If life evolved early (eons-old civili¬ 
zations) and intermediately (Earth), 
then it lies entirely within the realm 
of possibility that life could evolve at 
a still later date somewhere else in the 
universe. The thought is intriguing 
that someday, at some future space- 
time, we will be the advanced civili¬ 
zation, not the primitive form. It may 
restore a bit of confidence in our 
previously blasted egos. 

In regard to wrong information and 
lethal genes, can it not be asked 
whether wrong information is infor- j 
mation anyway? If it is wrong, pre¬ 
sumably a value judgment will have 
to he made, so the assumption is that 
all nonredundant information does 
indeed become equally useful or | 
valuable. After all, the fact that a gene I 
is shown to he lethal, is, of itself, an 
informational bit. Existence of lethal 
genes fits very well into the theory of 
natural selection and the concept of 
adaptation. Had mankind, for ex¬ 
ample, not found a way to sustain 
hemophiliacs, this particular gene 
might well be on the way out of our 
human genetic pool. 

As to the generalization that man¬ 
kind descended (ascended?) from 
Cambrian worms, as did modern 
worms, and allowing for artistic or 
poetic license, we need not necessarily 

ask “What happened?” Some worms 
may indeed have "stagnated” (a word 
rife with teleological anthropomor¬ 
phism), but others evolved either 
from the stagnating ancestors or from 
other lineages, and some worms went 
extinct. But stagnation is not neces¬ 
sarily indicative of primitive state, 
nor is stagnation necessarily bad. 
Some very important stagnant 
species include horseshoe crabs, 
cockroaches, and ferns. And, t;Q be 
sure, some people are more inter¬ 
esting than worms, but I have known 
some worms with whom I would 
much prefer to be acquainted rather 
than with some people, speaking 
comparatively. 

And, by way of reductio ad absur- 
dum I am reminded of a cartoon I 
saw several years back wherein a little 
green man with a tricolor eye m the 
middle of his forehead is saying to a 
traffic light: “Take me to your lead- 
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ei.” If we are forced to interact with 
very advanced civilizations, then 
perhaps we would proceed along the 
lines of several civilizations here on 
Earth when they first met the white 
man as whaler, missionary, or pi¬ 
oneer. We might simply trade away 
all of our valuables, our ethics, and 
our religious and socioeconomic his¬ 
tory for colored beads, venereal dis¬ 
eases, and intergalactic firewater.. 

I would agree that universal bio¬ 
logical laws must include those of 
mutation and natural selection, and 
perhaps even sexual reproduction 
(although a case can be made against 
it by referring to parthenogenetic 
species, or processes of budding or 
division in some earthly forms), as 
well as speciation. I am not convinced 
that ecosystems in other parts of the 
universe need function, however, as 
do those on Earth. In a utopian envi¬ 
ronment, for example, competition, 
territoriality, and aggression may not 
be required. After all, if a species has 
everything it needs to exist and to 
reproduce, then it need not compete. 
Whether the species would ever ad¬ 
vance in an evolutionary sense is, of 
course, another matter. 


I would question whether genetic 
engineering as used in this context 
can be considered a form of evolution. 
By engineering the genome are we 
not, in fact, sidestepping evolution? 
Evolution does not proceed toward an 
end or a goal; rather it proceeds with 
the survivors adapting to the envi¬ 
ronment of the time. Genetic engi¬ 
neering, on the other hand, is by and 
of itself goal-directed. We produce 
survivors preadapted to survive in 
whatever environment (Earth, moon, 
planets, etc.) we seek to occupy, as a 
goal. 

The point is very well made, how¬ 
ever, that numerous biological niches 
will be found unoccupied in space. 
The million-dollar question is 
whether man, or a man-machine, will 
be able to occupy any of them. One 
can envision a population explosion 
similar to that seen in English spar¬ 
rows, starlings, Japanese beetles, and 
Australian rabbits, should man find 
a beneficent and unoccupied niche. 
Will an advanced civilization use 
methods to control this outbreak of 
pesky humankind? And if so, could 
we humans by means of genetic en¬ 
gineering come up with a resistant 


android or humanoid each and every 
time an “anthropocide” is employed? 

The idea is not new, of course, having 
been utilized in several science-fiction 
stories in the late 50s and 60s. 

The points I am making here 
should not be misconstrued. I am not 
taking issue with any part of the ar¬ 
ticle; indeed, I thoroughly enjoyed it 
and was left with some rather pro¬ 
found points to ponder. It may well be 
that much of what we do or consider 
to be important in searching for ETI 
will ultimately prove to be without 
basis, but it is nevertheless intriguing. 
Perhaps the entire concept can be 
summed up as not “Where is every¬ 
body?” but rather “Is there any¬ 
body?” 

Robert H. Gore 
Smithsonian Institution 
Fort Pierce Bureau 
Fort Pierce, FL 

To the Editors: 

Dr. Ball has developed several in¬ 
teresting hypotheses in answer to his 
provocative question about extra¬ 
terrestrial intelligence. I agree that 
the most fruitful question we can ask 
about ETI is “Why are we unaware of 
any?” I would like to offer an addi¬ 
tional hypothesis, which Ball seems to 
have overlooked or unjustly elimi¬ 
nated in his preliminary assump¬ 
tions. 

Ball’s five possible answers all re¬ 
sult from the assumption of continu¬ 
ous development, and this implies 
control over an essentially unlimited 
free energy source (such as controlled 
thermonuclear fusion). But what if 
this mythical unlimited free energy 
source does not, in fact, exist? What 
if all “Earthlike” planets are subject 
to Earthlike resource constraints and 
all proposed unlimited energy sources 
turn out to be net energy sinks? Our 
lack of awareness of ETI may thus be 
evidence that free energy limitations 
are in force everywhere in the galaxy. 
While we are not alone, everyone else 
is in the same boat and not much 
more technologically advanced than 
we (even if they started sooner). 

This argument is equivalent to Dr, 
Ball’s “finite lifetime” or “stagnation” 
scenarios ultimately taking effect 
everywhere, with peaks or plateaus at 
or near the same level. While it is 
certainly true that “civilizations ad¬ 
vance to the extent that they accu¬ 
mulate new information and knowl¬ 
edge and stagnate or regress to the 
extent that they fail to,” they cannot 
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In a theoretical treatment of early diagenesis, Robert Berner shows how a rigorous 
development of the mathematical modeling of diagenetic processes can be useful 
to the understanding and interpretation of both experimental and field observations. 
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Heinrich D Holland, Editor. 
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accumulate new information without 
expending copious amounts of free 
energy (unless they invoke Maxwell’s 
demon—-perhaps this time disguised 
as R2D2). Thus Ball’s attempt to 
evade the free-energy implications of 
continuous development by assuming 
energy use and level of development 
to be unrelated is thermodynamically 
and economically untenable. If fusion 
or some other technology really is 
capable of producing unlimited free 
energy on an Earthlike planet, then 
Ball’s hypotheses 4 and 5 might still 
provide the explanation for our 
loneliness. 

But if net energy from fusion or 
other “unlimited” sources is not 
possible (and here I mean energy 
output greater than the total energy 
cost of all inputs, including con¬ 
structing the reactor, running it, and 
paying all environmental costs), then 
it is not surprising that we have not 
heard from anyone. Their space pro¬ 
grams must have shut down long ago 
for wasting energy as they turned all 
their efforts inward toward mainte- 

The question of the potential net 
energy yield of fusion (or other pro¬ 
posed “unlimited” energy sources) is 
of enormous importance to mtrater- 


restrial intelligence since we are 
talking about some very expensive 
technologies. As J. F. Clarke has 
stated in a recent issue of Science 
(210:967-72): “Failure to develop a 
viable fusion reactor would be a 
tragedy, but early knowledge that it 
is indeed a false dream would prevent 
the waste of scarce energy develop¬ 
ment resources and technical exper¬ 
tise in a more drawn-out effort.” 

Are extraterrestrials providing us 
with important information on free 
energy limitations (that could save 
billions of terrestrial dollars) through 
their silence? The evidence is hardly 

Torn and battered? 

Sending American Scientist 
unprotected through the mails means 
that, inevitably, some copies reach 
their destination torn and battered. If 
your copy arrives in damaged 

condition, we will immediately send a 

new, wrapped copy on request. 
Wrapping the magazines separately in 

the general mailing would increase 

distribution costs appreciably; 
replacing individual damaged copies 
appears to be the best policy for the j 
present. 


conclusive, but I think this possibility 
deserves at least equal billing. 

Robert Costanza 
Coastal Ecology Laboratory 
Center for Wetland Resources 
Louisiana State University 
Baton Rouge, LA 

To the Editors: 

My viewpoint on the interesting 
questions raised in John A. Ball’s ar¬ 
ticle belongs in category 1 of his list of 
possible answers. I think that Von 
Hoerner’s presumption that “nothing 
is unique and most probably we are 
about average” is contrary to the ev¬ 
idence. In the terrestrial biosphere it 
is more nearly true that everything is 
unique, and surely we are tar from 
average. There are many lesser ter¬ 
restrial intelligences, but none ap¬ 
proaching ours. Why? 

There may well exist many extra¬ 
terrestrial biospheres, but that they 
collectively, let alone individually, 
necessarily give rise to organisms at or 
above the level of human intelligence 
seems to me a second-order specula¬ 
tion for which a correct interpretation 
of the evolution of the terrestrial 
biosphere offers no support, as I sug¬ 
gested in a recent article in Annals of 
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Otology, Rhinology and Laryngology 

(87:5, Sept. 1978). 

Human intelligence is a very recent 
development, the culmination of a 
long series of fortuitous interplays 
between virtually fortuitous features 
of the environment and virtually 
fortuitous variations in genomes and 
survival machines (to use Dawkins’s 
term). The order of improbability of 
any given individual terrestrial in¬ 
terplay is astronomical, perhaps as 
large as that of the number of planets 
in the universe, Nothing in the in¬ 
ferred terrestrial series up to, say, the 
Pliocene enables us to predict the 
necessary emergence of humanlike 
intelligence. That it emerged here 
does not mean it could ever happen 
again here or that it is likely to hap¬ 
pen in extraterrestrial biospheres. 

B. Raymond Fink 
School of Medicine 
University of Washington 
Seattle, WA 

To the Editors: 

I am sure most readers of Dr, Ball’s 


article were struck, as I was, with the 
almost axiomatic elucidation of the 
scientific complexities for the exis¬ 
tence of ETL However, I find it im¬ 
possible to agree with the loss of over 
100,000 bits of information in the 
terrestrial ecosystem during the pe¬ 
riod from 1.9 to 1.7 Gyr (B.P.) as 
shown in Figure 1. 

Paul A. Wieselmann 
Kaman Sciences Corporation 
Colorado Springs, CO 

To the Editors: 

In addition to the manifold dif¬ 
ficulties involved in detecting—and 
in being detected by—ETI listed by 
Ball, an even more fundamental and 
formidable obstacle to meaningful 
intercourse is the horrendous dis¬ 
tance between us and even the closest 
stars, There are only about twenty 
stars less than twelve light-years re¬ 
moved from us. We are therefore 
confronted with time lapses of at least 
decades and, more probably, centu¬ 
ries between the emission of a signal 


and the earliest possible receipt of 
acknowledgment of its arrival. 

There has thus been barely enough 
time for “eavesdroppers” to notice 
our signals, let alone tell us about it, 
and any attempt at interstellar com¬ 
munication is likely to tax the pa¬ 
tience and stamina of prospective 
investigators as severely as it will 
challenge their longevity. 

CarelJ.vanOss 

Departments of Microbiology and 

Chemical Engineering 
SUNY-Buffalo 

To the Editors: 

Let me suggest a minor variant to 
Dr. Ball’s interpretation which I call 
the “silence-is-golden” hypothesis 
but which some may consider a par¬ 
anoid view. Suppose that any given 
ETI, following Dr. Ball’s reasoning, 
infers that many other ETIs probably 
exist and that they represent a broad 
spectrum of stages in technological 
development, creatures with whom 
communication might, in principle, 
be possible. What is this ETI’s next 
reasonable step? I suspect that any 
careful risk/benefit analysis, incor¬ 
porating guesses about the conceiv¬ 
able consequences, would lead to a 
“shut-up-and-listen” strategy. 

No one should quarrel with trying 
to receive or intercept messages from 
other civilizations, but if human his¬ 
tory offers any guide, it would be 
foolhardy tq send out messages in 
search of those strangers based on the 
assumption that all listeners would 
respond benevolently. I share Dr. 
Ball’s guess that the possible conse¬ 
quences would include being “en¬ 
gulfed and destroyed, assimilated or 
... annihilated.” 

On the contrary, since no ETI can 
be certain that it is number one, it 
would probably be wisest to restrict, 
as far as possible, any leakage of pat¬ 
terned energy that might reveal in¬ 
telligent activity. So maybe all those 
ETIs are simply being prudent, 
waiting for someone else to break the 
silence—and maybe we should, too? 

J. T. Enright 

Scripps Institution of Oceano¬ 
graphy, La Jolla 

University of California, San Diego 
Dr. Ball replies: 

I agree with many of Dr. Gore’s 
points, but I think that his picture of 


mankind trading away “all of our elsewhere, but intelligence is very 
valuables, our ethics, and our religious adaptive. Once invented, intelligence 
and socioeconomic history for colored allows its possessor to cope with en- 
beads, venereal diseases, and inter- vironmental variations, even catas- 
galactic firewater” is further from the trophes, and to take over new envi- 
likely outcome than his equally vivid ronmental niches, 
picture of “pesky humankind” trying I am very impressed by the phe- 
to cope with occasional squirts of nomena of convergent evolution. Eyes 
“anthropocide.” were invented thrice independently 

I suggest to Dr. Costanza that, just on Earth—by insects, molluscs, and 
as hungry people, understandably fish. The latter two are remarkably 
obsessed with acquiring food, tend to similar, especially on superficial ex- 
exaggerate the importance of food animation. Wings were invented at 
and the difficulties of obtaining it, so least thrice independently—by in- 
with our current energy hunger we are sects, reptiles that became birds, and 
obsessed with acquiring energy and mammals. The ability to learn, which 
we tend to exaggerate the difficulties is the basis of intelligence, was prob- 
of obtaining it Like many other re- ably also invented several times in- 
sources—food, wood, leather, iron, dependency. Rather than a dichot- 
silicon, and so on—we do need some omy between mankind and other 
free energy, but there is a lot around, animals on Earth, I see an almost 
Our sun radiates some 3.8 X 10 26 continuous spectrum of learning 
watts, about 4.5 X KT 10 or 1.7 X10 17 abilities, with mankind, indeed, at 
watts of which Earth intercepts, and one end of the distribution. . 
most of that goes to waste. Mankind, The same sort of argument that Dr. 

if need be, can yoke this resource. I Fink uses against the independent 
am suggesting, then, that even with- invention of intelligence can be used 
out hydrogen fusion or an equivalent against the independent invention ot 
energy source, we (and ETI) would eyes and wings. Mankind may be the 

still take off for the stars. T, 1 t ofalo “! ch w°t 1 !w d .S 

But fusion exists and we already unlikely events, but if that chain 
know how to make it go bang! Our hadn’t occurred then one of many 
problem is to learn how to control it other equally unlikely chains would 
better. I don’t know whether a toka- have produced an equivalent re- 
mak or a stellarator will work, but if suit-intelligence, 
they don’t, something else will—if not intelligence, someone, sooner or later 
in thi^Pnturv then next. will invent it—if not mammals then 

If I may paraphrase Dr. Costanza, maybe birds (crows are pretty smart) 

heseemstosaythatunlesswedevel- or e y en , m0 ^ 

op hydrogen fusion, neither we nor Mankind is dearly ahead m the m 
ETI will get into space. But we al- telligence race (on Earth), b 
ready have developed hydrogen fu- weretodropo^ 
sion and we already have gone into someone else (dolphins?) might, m a 
sion, ana we aireaay b mi u ion years or so, surpass us. 

pas 

it, and also average or ordinary, m »«!• ^ ^ why 

that each of its properties hes near the iment la di 0 9 The 

median or mean rather than at an 

extreme of the distribution. I might «oarhv stars in a 

say of a friend, for eaunple, that he is ^" 8 f ^ ratere!tria i i ite -not 

just an ordinary Joe because he is ” . .„ te nj geM e; creepy 

average in height, weight, persomhty, necessa y^ * ondaM Tte 
intelligence, and so on, but he is also ^ ^ s(mflar t0j but muc h 

unique because no other man any- P ,• ticated the ones we 
where is just like him. I interpret the Having found life, we 

assumption of mediocrity to mean whether to dabble or 

that the Earth’s biosphere is average will take 

or ordinary, but also, I suppose, ^^mylLtUnnk 
unique. Von Hoerner s wording of the ^ (mankind) sha ll certainly 

original version of the assumpriwi of ^ studying eC o- 

mediocrity is perhapsunfortunate. the galaxy as soon as we 

Dr. Fink may be right, ofarfable; why should ETI do less? 
arguing that intelligence is unlikely are ame, y 



Perhaps Dr. Enright’s “shut-up- 
and-listen” strategy might be desir¬ 
able, but I think it is impossible. 1 he 
sun, the solar system, Earth, and 
mankind are all conspicuous; there is 
no way to hide. But I agree that there 
is also no point in deliberately waving 
our (red?) flag. 

Science fiction contains such a 
plethora of ideas that one can find 
almost anything therein—good, in¬ 
different, and bad: the problem is to 
sort it all out. Most imaginative sci¬ 
entists read at least a little science 

fiction, and some write it. 



Erratum 


In “Assessing the Risk of Exposure 
to Radioactivity,” by D. J. Crawford 
and R. W. Leggett (Am. S« 68: 
524-36, September 1980), the 197- 
publication of the Advisory Com¬ 
mittee on the Biological Effects of 
Ionizing Radiations, known as the 
BEIRI report, was incorrectly iden¬ 
tified on page 535 and in reference 36 

as the BEIRII report. 
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The Sigma XI Annual Meeting 1. Ms. Garofalo, Mrs. 
Forslund, Ms. Judd, and Mrs. Ghace of National 
Headquarters with delegates at registration. 2. The 
Procter Prize presentation: Dr. Herbert Simon and Dr. 
Longenecker. 3. Poster session. 4. Treasurer Carson, 
Parliamentarian Riddick, President Longenecker, Ex¬ 
ist ecullve Director Holme. 5. The General Assembly of 
1 Delegates. 6. Past President certificate presentation:' 
Dr. Kranzberg and Dr. Longenecker, 7. President-elect 
Nlerenberg,8. Dr. Holme receives his gift from an 


admiring Dr. Longenecker, 9. The Holme family: Penny 
Holme, Mrs. Holme, Dr, Holme, Judy Clough. 10, Ms. 
Munson, Ms. Judd, Ms. Garofalo, Mrs. Holme, Dr. 
Holme, Mrs. Forslund, and Mrs. Chace. 11. Dr. Glenn 
Russell speaks on the revision of the Bylaws and the 
Constitution, 12. Dr. Holme, Mrs. Holme, Dr. Crawford, 
Mrs, Kranzberg, and Dr. Kranzberg at the Past-Presi¬ 
dents’ Dinner. 13. Dr. Longenecker, Mrs. Longenecker, 
Prof. Nlerenberg, Mrs. Nierenberg, Dr. Carson. 14. The 
end. (Photos by Bill Huggins.) 


Sigma Xi News 


1980 Annual Meeting 

Highlights of the Annual Meeting 

Most planned surprises seem to fall short 
of the anticipated results * but the surprise 
tribute to our retiring Executive Director 
at the 1980 Annual Meeting in San 
Diego, California, far exceeded our ex¬ 
pectations. 

The program promised that a "Presiden¬ 
tial Address" would follow the Past-Presi¬ 
dents’ Dinner on Saturday evening. Dr. 
Longenecker’s opening remarks were 
promptly interrupted, and with every fee¬ 
ble attempt to continue, past presidents 
and members of the Board of Directors 
would break in, enumerating some of 
Tom Holme’s varied talents. Dean 
McFeron told the audience that during his 
college summers Dr. Holme served as a 
policeman in Ocean Grove, New Jersey, 
and plans to write a book about his expe¬ 
riences, to be called Some're Cops and 
Some Are Not. Past President Haskins 
recalled the day that Dr. Holme proved 
himself a skilled mechanic, repairing 
severed cables and replacing a battery in 
Dr. Haskins's car when the damage was 
discovered after an earlier Annual Meet¬ 
ing'. Dr. Kranzberg’s characteristically 
witty interruption described his unortho¬ 
dox rise to the presidency and Dr. 
Holme’s attempts to amend the constitu¬ 
tion to dissuade any use of that route 
again. Dr. Carson and Prof. Nierenberg 
attested to the Executive Director's abili¬ 
ty. to maintain the financial stability of the 
Society with several delightful anec¬ 
dotes. 

Dr. Faber, in her own words the “token 
female," explained in great detail the 
trials and tribulations of shopping for a 
suitable gift for Tom Holme from the So¬ 
ciety. The long search culminated in the 
discovery of an antique brass captain s 
telescope from Scotland, which was pre- 

f S ented by President Longenecker. 


Dr. Holme accepted the gift with thanks 
and expressed his appreciation for his 
association with many distinguished sci¬ 
entists during his more than twenty-seven 
years as Executive Director. He went on 
to thank the staff at National Headquar¬ 
ters, the “Sweethearts of Sigma Xi," and 
introduced his own "sweetheart" Billie 
Holme and his daughters Penny Holme 
and Judy Clough, who flew from Houston 
for the celebration. The audience ex¬ 
pressed their appreciation of Dr, 

Holme—with a resounding standing ova¬ 
tion. 

Dolores A, Forslund 


Society business at the Annual 
Meeting 

The November-December Sigma Xi 
News announced the important actions 
taken by the 1980 Annual Meeting but, 
faced with the timing of the publication 
schedule, postponed certain details of 
those actions until this issue of the 
journal. 

The Assembly of Delegates did, by a two- 
thirds vote, amend Article VII of the 
newly adopted Constitution so that in the 
future the Bylaws of the Society may be 
amended by the Board of Directors pro¬ 
vided that each amendment so approved 
by the Board is presented to each chap¬ 
ter and club, and that any objection by a 
single chapter or club will cause thepro- 

tion before becoming effective. The time 
allowed for this possible veto process is 
60 days. 


Approval of this amendment was not, 
however, without opposition. When the 
motion had been made and seconded, Dr. 
Evan Douple, Regional Director for the 
Northeast, moved to amend the proposed 

amendment by adding the requirement 

that Notice of Intent to amend and the 


reasons therefor be provided to each 
chapter and club 15 days prior to the 
meeting of the Board of Directors at 
which such amendment is to be consid¬ 
ered, Following a second to this amend¬ 
ment to the amendment, Dr. Glenn Rus¬ 
sell, Chairman of the Ad Hoc Committee 
on Revision of the Constitution and By¬ 
laws, moved a Point of Order that the 
amendment was of a substantive nature 
and therefore not presentable at that 
time. After reviewing for the Assembly 
the Rules of Order governing this point, 
and upon consulting with Dr. Floyd Rid¬ 
dick, the Official Parliamentarian, the 
Chair ruled the amendment to the amend¬ 
ment out of order in view of the fact that 
it modified the intent and was thus sub¬ 
stantive. 

Following this ruling an appeal was made 
and the vote to sustain the Chair taken by 
a show of hands, since a voice vote for a 
simple majority was not clear. There 
were 130 ayes (to sustain ruling of chair) 
and 114 nays (not to sustain). At this 
point, Dr. Douple moved to have the pro¬ 
posed amendment to Article VII of the 
Constitution returned to the Board of Di¬ 
rectors for reconsideration, Following a 
duly made second and discussion, the 
motion failed to receive a simple majority 
and was declared lost. Upon call for the 
question on the amendment as presented 
by Dr. Russell, the resolution received 
more than the two-thirds favorable vote 
and was declared ADOPTED. 

The announcement that “the Assembly 
did not adopt either of two resolutions as 
presented for action by the Committee 
on Resolutions on behalf of one individual 
and one chapter respectively" was quite 
correct but, since this mechanism or pro- 
■ cedure for presenting resolutions is es¬ 
sential to the democratic character of the 
Society, the full 'text of these resolutions 
and the actual votes taken are set forth 

here for the information of the entire 

membership of Sigma Xi, as contrasted 
to the minutes, which go only to the dele¬ 
gates and the chapter/club officers. Dr. 
Marjorie Crawford, Chairman of the Com- 
- mlttee on Resolutions, before presenting 
i the two Resolutions to the Assembly, had 

stressed that action by the Committee 

had been limited to editing. There had 
been no censorship or even correction of 
statements which could have been con¬ 
sidered questionable. 


Resolution #1, proposed by Dr. Edward 
Mast, a member of the Committee on 
Resolutions and of the University of Illi¬ 
nois Chapter, read: 
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Whereas, the advancement of society 
depends in part on the making of correct 
decisions with regard to the utilization of 
science and technology and the support 
and encouragement of continuity in sci¬ 
entific research, and 

Whereas, the purpose of Sigma Xi, The 
Scientific Research Society, is the en¬ 
couragement of scientific research, pure 
and applied, and 

Whereas, Sigma Xi, through its Commit¬ 
tee on Science and Society, is assisting 
the public in the understanding of sci¬ 
ence and scientific research, 

BE IT RESOLVED that the Committee on 
Science and Society be commended by 
the Assembly of Delegates for Its efforts 
and accomplishments, and FURTHER BE 
IT RESOLVED that the Board of Direc¬ 
tors, in cooperation with the Committee 
on Science and Society, develop a 
mechanism for exchanging information 
between the National Office and the 
chapters and clubs concerning actions 
under consideration at the national, state, 
and local levels that influence scientific 
policy and for providing for the establish¬ 
ment and maintenance of interaction be¬ 
tween the Society and the scientific dis¬ 
cipline involved and to encourage the 
continuity of scientific research, the re¬ 
sulting plan and the steps taken to expe¬ 
dite it to be reported to the next Assem¬ 
bly of Delegates for its consideration, 

It was then moved by Dr, Mast that Reso¬ 
lution #1 be adopted. Following the sec¬ 
ond to this motion, Dr. Russell proposed 
that action on the resolution be taken on 
each of its two parts separately, and this 
was agreed to by the delegates without 
objection, 

With separate questions called for, it was 
then, without dissent, VOTED that the 
Committee on Science and Society be 
commended by the Assembly of Dele¬ 
gates for its efforts and accomplish¬ 
ments, Immediately thereafter it was 
moved, seconded, and, with but two dis¬ 
sents, VOTED that; the second portion of 
Resolution #1 be referred to the Commit¬ 
tee on Science and Society for study and 
possible recommendation, 

Dr. Crawford, In the absence of the pre¬ 
senter, Dr. Setty, read Resolution #2 to 
the Assembly: 

Whereas, the Assembly of Delegates in 
1977, by amending the Constitution, 
changed the Society’s name, effective as 
of 1 January 1979, from Sigma Xi, The 


Scientific Research Society of North 
America, to Sigma Xi, The Scientific Re¬ 
search Society, and 

Whereas, with the removal of the words 
"of North America," the title of the Soci¬ 
ety's journal American Scientist has be¬ 
come an anachronism, 

BE IT RESOLVED that this 1980 Assem¬ 
bly of Delegates (the 81st) approve and 
direct that the name of American Scien¬ 
tist be changed as of 1 January 1982 to 
Sigma Xi Scientist Following the second 
of Dr. Crawford’s motion that Resolution 
#2 be adopted, delegates spoke on be¬ 
half of several Regional Assemblies rec¬ 
ommending rejection of the resolution. 
None spoke in favor, By voice vote Reso¬ 
lution §2 was defeated, There Was but 
one in favor. 


Call for 1981 nominations 

The 1981 Assembly of Delegates will se¬ 
lect the Society’s President for 1983-84, 
Treasurer for 1982-86, and two Direc- 
tors-at-Large to serve until 30 June 1985. 
Members are urged to submit names of 
recommended nominees for these posi¬ 
tions by 1 March 1981 to Dr. Melinda J. 
Burrill, Chairman of the’Commlttee on 
Nominations, Department of Animal 
Science, California State Polytechnic 
University, Pomona, CA 91768. Nomina¬ 
tions must include supporting Information 
that not only identifies the candidate but 
justifies the reasons for his or her consid¬ 
eration by the Committee. 

To satisfy the constitutional require¬ 
ments, the Committee must present to 
the Assembly a slate of at least three 
nominees for each Director-at-Large po¬ 
sition to be filled—In this case, at least 
six nominees. Delegates to the 1981 
Meeting will vote for not more than two 
candidates out of the six, and the two 
who receive the highest and the next 
highest number of votes will be elected, 

A Regional Director will be elected at the 
Regional Assembly held by the North¬ 
east, North Central, Mid-Atlantic, and 
Southwest regions, Members from these 
areas, as well as the chapters and clubs 
within these areas, are invited to submit 
names of recommended nominees and 
supporting Information to the appropriate 
Regional Nominating Committee Chair¬ 
man by 1 March. 

Northeast: James G. Moore, 237 Moss- 
man Road, Sudbury, MA 01776 

North Central: Stanley E. Payne, Mathe¬ 


matics Department, Miami University, 

Oxford, OH 45056 

Mid-Atlantic: Edward J. Poziomek, Re¬ 
search Division, Chemical Systems Lab¬ 
oratory, Aberdeen Proving Ground, MD 
21010 

Southwest: Melinda J. Burrill, Department 
of Animal Science, California State Poly¬ 
technic University, Pomona, CA 91768 

In accordance with Bylaw III, Section 6 C 
(vi), the Committee on Nominations is 
composed of "a Chairman elected by ihe 
Board of Directors at its meeting held im¬ 
mediately following the Assembly of Del¬ 
egates from among the six regionally 
elected members and the three most re¬ 
cent past presidents of the Society." 

The 1981 Committee on Nominations, in 
addition to the four Regional Chairmen 
listed above, includes Edward N. Lambre- 
mont, Southeast Region, and Martin Sa- 
moiloff, Northwest Region, and past 
presidents Drs. Harold G. Cassidy, Dean 
E. McFeron, and Melvin Kranzberg, with 
Dr. Burrill serving as Chairman. 

Financial Statement 1979-80 

FY80 was a highly successful year for 
Sigma Xi, particularly financially. At bud¬ 
get time in 1979, It was optimistically 
predicted that, barring a severe financial 
reverse, the operations for the year 
might produce a favorable balance of 
$11,770. At the same time, it was recog¬ 
nized that there could just as welt be a 
fairly substantial loss. Obviously it was 
with great satisfaction that Sigma Xi’s 
Treasurer, Dr. Gordon Carson, reported 
to the delegates at the 1980 Assembly 
that "the operations for FY80 were 'in 
the black’ by $99,302." The Immediate 
effect of this unanticipated bonanza was 
that the Assembly, upon recommenda¬ 
tion of the Board, moved to postpone for 
apother year consideration of a possible 
dues increase. Such action, however, 
was very much on the minds of the dele¬ 
gates since they had been furnished with 
copies of the budgets for FY81 and 
FY82, which predicted deficits of 
$71,575 and $123,500, respectively. The 
dues rate set by the 1980 Assembly of 
Delegates was for FY82 and thus, should 
the deficits as predicted for FY81 and 
FY82 actually be experienced, they will 
have to be charged against the Unallo¬ 
cated Reserve which serves the Society 
as an Operating Reserve. The balance fit 
the Unallocated Reserve as of 30 June 
1980 stood at $184,052. The audited fl- 
(Continued on p. 126) 
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DON 1 ! JUST 
SIT THEM 
WORRYING... 

PHONE TIAA (TOLL FREE) 
FOR HELP, RIGHT AWAY! 



Perhaps a new baby, or a big mortgage debt, or a 
recent salary Increase, or just plain double-digit Inflation has 
you worried that the life insurance coverage you presently 
maintain for your family isn't enough to take care of them 
Ihe way you do. Whatever your concern, you can get help 
by phoning the TIAA Life Insurance Advisory Center and 
talking with an Insurance Counselor. 

Every week hundreds of your colleagues in educa¬ 
tion call these trained TIAA professionals to discuss such 
questions as: 

Which kind of life Insurance is best for me? 
How much should I have besides group 
coverage? 

What would it cost? 

There's no obligation of course; it's part of the service TIAA 


provides to the education and research communities. 

It's a fact that most educators with a family to raise 
and educate are seriously underinsured, and inflation Isn't 
helping. They need as much Immediate family protection 
as they can get for their money, That's why our counselors 
frequently suggest low-cost TIAA Decreasing Term policies 
when it's clear that a sizable chunk of new coverage is 
essential, 

Just $167 a year* buys a $100,000 20-Year De¬ 
creasing Term policy for a man aged 35 or a woman 
aged 40! 

' This example is drawn from the following table illus¬ 
trating yearly costs for different initial amounts of protection 
on this plan: 


TIAA 20-YEAR DECREASING TERM INSURANCE COST EXAMPLES FOR SELECTED AGES 


$50,000 Policy 

$100,000 Policy 

$150,000 Policy 

issued to a man aged 25 35 45 

Issued to a woman aged 30 40 50 

Annual Premium $93,50 $164.00 $373.50 

Yearly Cash Dividend 42.00 70,50 ,148.00 

Yearly Net Cost* $51.50 $ 93,50 $225.50 

25 35 45 

30 40 50 

$187 $328 $747 

J04 J61_ _316 
$ 83 $167 $431 

25 35 45 

30 40 50 

$280.50 $492,00 $1,120.50 

166.00 251.50 , 484.00 

$114.50 $240.50$ 636,50 

-Annual premium, less cash dividend payctole at the end of pcJlcy yea on curienl scale. DMdends cannot be 
guaranteed or estimated for Ihe future, but TIAA has paid dividends every year since Its founding in 1918. 


So you see, there's no reason to worry, At costs like 
se you can comfortably afford to give your family all the 
tection they need. 

For answers to your questions, dial TOLL FREE 
)-223-1200 (In New York call collect 212-490-9000). If you 
ifer to receive information by mail, just fill out and send 
coupon at the right, , 

Eligibility for TIAA Is extended only to employees or 
leges, universities, private schools, and certain other 
profit educational or scientific organizations, and to the 
)use of such an employee when more than half of tne 
mblned earned income of husband and wife is from a 
Jfylng institution. 


Established as a Nonprofit Service Organization 
by the Car negle Foundation 

for the Advancement of Teaching 


Life Insurance Advisory Center 
Teachers Insurance and. Annuity Association 
730 Third Avenue, New York, 

Please send me more information about low-cost TIAA life 
Insurance, including personal illustrations of policies for my 
age as Indicated below: 
p Dec'easirg Term □ 5 -Year Renewable Term 
□ Whole Life 


Please print 


Date of Birth 


Nonprofit Educational or Scientific Employer (college, uni- M 
versify, private school, etc.) 

, If your spouse Is also eligible according to rules at left, j 
please provide 
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BYTEJor the Serious 
Microcomputer User. 



Do you use a personal computer for 
business or pleasure? If so, join the over 
one-quarter million professionals, begin¬ 
ners, engineers, and business people who 
get the latest microcomputer information 
in BYTE. 

With a circulation of 170,000 and a 


bases, word processing, speech synthesis, 
new integrated circuits, new software for 
engineering, business and fun, plus do-it- 
yourself projects of all kinds. 

And if you are in the market for hard¬ 
ware or software, our new expanded prod¬ 
uct review section gives you the unbiased 


total readership of 320,000, BYTE is the facts. 

world’s largest computer magazine. Each So, if you are serious about micro¬ 

month’s issue brings you the latest about computing, get serious about BYTE. 


graphics, mass storage, personal data 


Mail coupon or 
call us toll-free 

WSMS 

I’ilt in And mail ilic cuupon 
litdov, Hetd your first copy of 
BYTE. If it is everything 
yow expected, honor mir invoice. 

If it Isn't, just write "Cnnd" 
on the invoice and mail it 
back, You won't lie hilled and 
tins first issue is yours at no 
drarfte 


©BYTEPublications. Inc. Iflfll |. 


BYTE Subscription Dept, P',0. Box 590 Martinsville, NJ 08836 
Please enter my subscription for: 

□ One year $19(12 issues) □ Two,yean.$34 □ Three years 

□ Check enclosed entities me to 13 issues for price of 12 (North America only) 

□ Bill Visa □ Bill Master Charge □ Bill me (North America only) 


0^“""". - Stalc/Province/Coimtry, Code 

Foreign Rates (To expedite service, please remit Funds) 

□ Canada or Mexico D One year $21 (IS issues) Q Two years $38 Three y«ars $55 

□ Europe, one year (air delivered) $43 

□ All oilier countries, one year (surface delivered) $35. Air delivery available on request. 
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Maurice J. Cotter 


Neutron Activation Analysis of 
Paintings 

Autoradiography following neutron irradiation 
provides information for authentication and 
restoration and reveals the existence of 
underpaintings undetected by other means 


Autoradiography is a very old tech- painting at the time it was formed, in an attempt to catalogue the genu- 
nique that preceded and contributed Thus, short-lived activities would ine works of Blakelock (Geske 1975). 
to an understanding of the laws of dominate autoradiographs taken Cooperation between art-historical 
naturally occurring radioactivity, shortly after neutron irradiation, and and scientific researchers was im- 
Nineteenth-century researchers such longer-lived activities would prevail portant in ensuring that all periods of 
as Henri Becquerel found that pho- at later times. It would therefore seem Blakelock’s work were considered and 
tographic film placed in contact with to be possible to obtain a series of ra- that appropriate examples of the 
a radioactive object becomes sensi- diographs from a single neutron ir- works of artists with similar tech- 
tized. When the film has been devel- radiation. Since neutrons are niques were studied for comparison 
oped and fixed, it is called a radio- chargeless particles, these radio- Over a six-year period, about 45 
graph, and since it has been created graphs could be from any level of the paintings by Blakelock and related 
by radiation from the object itself, the painting; thus, materials used in artists were analyzed, using the 
term that suggests itself is autoradi- preparing the canvas and building up Medical Reactor at Brookhaven, a 
oeraphv. the paint layer, and even substances facility originally designed for studies 

b J used in the final varnishing of the with human beings. The total radia- 

In 1942 the first self-sustaining neu-, painting, may contribute to an indi- tion dose was reduced to below 200 
” dualattt0radi06iaph ' 

quenUy/reaearch reactors'became The first experimental effort in could conceivably damage the paint- 
available that had much higher ther- applying neutron activation autora- mgs. 

SSrota—tot In 1975 a laboratory for 

from such reactors could be used to 1968 ) using the Graphite Reactor at 
induce a mild, transient radioactivity Brookhaven National Laboratory. 

in nil twintinm and bvDlacing film in The total radiation dose imparted to physics oi the state university 

SsSS&ie srssste 


beam, a series of autoradiographs 
could be obtained. Each autoradio¬ 
graph would be the image produced 
by the dominant radioactivity in the 
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the techniques of neutron activation analysis 
to paintings, illuminated manuscripts, and 
documents. This article is based upon the 
author’s 1979-81 Sigma Xi National Lecture. 
Address: Department of Physics, Queens 
College of CUNY, Flushing, NY 11367. 


contrasts with the dose of about 20 
rads for a normal painting x ray. 
These experiments showed that the 
irradiation produced no measurable 
change in the paintings, and that the 
autoradiographs gave information 
that was significantly different from 
that given by x rays of the same 
paintings. A systematic study of the 
response of artists’ materials to neu¬ 
tron activation was also made. 

In 19681 suggested that the technique 
of neutron activation analysis be ap¬ 
plied to the works of Ralph Albert 
Blakelock. Blakelock and Albert 
Ryder have the curious distinction of 
being the American artists that are 
forged most often. At that time art- 
historical research was being con¬ 
ducted at the University of Nebraska 


Morgan Library was undertaken. 
Paintings, manuscript leaves, and il¬ 
luminations attributed to “The 
Spanish Forger” were studied. The 
Spanish Forger was active in the late 
nineteenth and early twentieth 
centuries, and France was the pri¬ 
mary center of distribution of his 
output. His works have often been 
misattributed to various artists of the 
fifteenth and sixteenth centuries; 
indeed, he was given the name Span¬ 
ish Forger when one of the pieces was 
offered to the Metropolitan Museum 
in 1930 as the work of the fifteenth- 
century Spaniard Jorge Ingles, A re¬ 
trospective exhibition of his forgeries, 
which included the studies of the 
Stony Brook group, was held at the 
Morgan Library in 1978 (Voelkle 
1978). 
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The physics of neutron 
activation analysis 

Neutrons—electrically chargeless 
particles of mass 1.008982 amu— 
together with protons—particles with 
a mass of 1.00759 amu and an elec¬ 
trical charge of +1.6 X 10“ 19 cou¬ 
lombs—are the fundamental con¬ 
stituents of the nuclei of atoms. The 
usefulness of neutrons in analyzing 
the properties of nuclei and matter in 
depth was obvious from the time of 
their discovery in 1932 by Chadwick. 
Because of their electrically neutral 
nature, neutrons interact very weakly 
with atomic electrons and may reach 
the nuclei of atoms with ease. The 
probability of neutron activation— 
the capture of a neutron by a nu¬ 
cleus-increases the longer a neutron 
spends in the vicinity of the nucleus. 
At room temperature, a thermal 
neutron—one that is in thermal 
equilibrium with the surrounding 
nuclei—has an average energy of 
about 1/40 eV. 

In the 1930s the principal source of 
neutrons for experiments was the 
bombardment of light elements by 
helium nuclei, or alpha particles. For 
example: 

jjHe + 9 Be -+ ! jjC + Jn + 5.71 MeV 

That is, by bombarding beryllium 
with helium nuclei, one obtains car¬ 
bon and neutrons with a combined 
kinetic energy of 5.71 MeV. Using 
such sources, experimentalists were 
able to produce thermal neutron 
fluxes of the order of 10 7 neutrons/ 
cm 2 /sec. 

Neutrons can also be obtained from 
accelerators and from deuteron- 
stripping reactions. With the advent 
of nuclear fission reactors in 1942, the 
neutron fluxes available to experi¬ 
menters increased enormously. The 
High Flux Beam Reactor at Brook- 
haven, for example, has a peak ther¬ 
mal neutron flux of the order of 10 14 
neutrons/cm 2 /sec, which allows very 
sensitive probing of matter. 

When a thermal neutron, on, is cap¬ 
tured by a nucleus, jX, a compound 
nucleus, A+ zX, is formed: 

on + zX A+ zX 

The compound nucleus is often ra¬ 
dioactive and can decay by emitting 
gamma rays, electrons, or positrons 
(among others). With an electron- 


emission process, the above reaction 
could be completed thus: 

on + A+ zX -*• A+ Z ! X 

-+_?e + z+iY + neutrino 

As a specific example, if a thermal 
neutron is captured by a stable sodi¬ 
um nucleus, ffNa, the following re¬ 
action takes place: 

on + ifNa -* fiNa 

-♦-Se + ffMg* + neutrino 

where the asterisk denotes an excited 
state. 

The half-life for the decay of ftNa is 
15 hr. In the process, gamma rays 
with energies of 2.7539 and 1.3685 
MeV are emitted from the interme¬ 
diate excited states of Mg. The in¬ 
tensities of these photopeaks are 
characteristic of the decay and are 
well known. 

In the experiments described here, 
gamma rays from the activated 
paintings or manuscript illuminations 
were counted by solid-state detectors 
coupled to pulse-height analyzers. In 
the last 20 years, solid-state detectors 
have been developed that are capable 
of significantly higher resolution than 
could be obtained with the earlier 
scintillation detectors. Simply stated, 
when ionizing radiation enters such a 
solid-state detector, free electrons 
and holes are formed, which then 
move to their respective collection 
plates, thereby producing an electric 
signal that is proportional to the en¬ 
ergy of the incident radiation. It takes 
a very short time to collect the signal 
from an electron and a hole. 

After amplification, the signal is 
transmitted to the pulse-height ana¬ 
lyzer, which counts the number of 
photopeaks within an energy range 
from E 0 to Eo + AE, then from Eo + 
AE to Eo + 2AE, and so on. This 
process is automatically repeated for 
however many channels are used. In 
the laboratory in the department of 
physics at the State University of 
New York at Stony Brook, for exam¬ 
ple, a germanium semiconductor de¬ 
tector was linked to a 4096-channel 
pulse-height analyzer. The system 
works as an energy spectrometer, and 
when, as in gamma-ray decay after 
neutron irradiation, the ionizing ra¬ 
diation is of discrete energies and in¬ 
tensities, it is possible to determine 
which radionuclides are formed. 

It is interesting to compute the ap¬ 


proximate fractional number of ra¬ 
dionuclides formed during a typical 
irradiation of a painting or a manu¬ 
script illumination. In these experi¬ 
ment^ the average thermal neutron 
flux, $, is characteristically 10 9 neu- 
trons/cm 2 /sec; the average thermal 
neutron cross section for the materi¬ 
als studied, <7, is 10“ 24 cm 2 ; and the 
irradiation time, t, is 1.5 hr, or 5.4 X 
IQ 3 sec. The fraction of the nuclei 
made radioactive is then given by the 
simple formula 

= i>fff - 10 9 (lO™ 24 ) (5.4 X IQ 3 ) 


where N is the number of radionu¬ 
clides formed in the artifact, and No 
is the number of average nuclei 
present in the artifact before neutron 
irradiation. Thus, only about five or 
six of a million million nuclei are 
made radioactive as a result of this 
irradiation. Further simple calcula¬ 
tions result in the doses quoted in this 
paper. 

Analytical procedures 

Only a brief account of the neutron 
exposure at the Medical Reactor at 
Brookhaven can be given here (for 
detailed information, see Cotter et al. 
1976). The object to be irradiated was 
placed in a polyethylene bag and was 
mounted on a beryllium block adja¬ 
cent to the 10 X 10-inch port of the 
Medical Reactor. The normal posi¬ 
tion for irradiating a painting or 
document was two feet beyond the 
exit plane of the port, where the av¬ 
erage thermal neutron flux was about 
10 9 neutrons/cm 2 /sec. Even though 
the neutron flux is highly asymmetric 
at the plane of the port, because of the 
diffusive motion of the neutron cloud, 
the beam is fairly symmetric about 
two feet away, which makes it possi¬ 
ble to uniformly activate objects as 
large as three by four feet. 

The usual irradiation time was an 
hour and a half, for which the fast- 
neutron and gamma-ray dose was 
approximately 90 rads (Fairchild and 
Goodman 1965). To this must be 
added the dose associated with the 
absorption of radiation (mostly 
/3-radiation) produced by thermal 
neutron activation, which is about 70 
rads for paintings (Cotter and Taylor 
1978) and less for documents and 
most manuscript illuminations. The 
total irradiation dose under these 
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conditions was thus approximately 
160 rads. 

After neutron irradiation, the radio¬ 
active paintings and manuscripts 
were studied by two analytical tech¬ 
niques. The gamma rays were count¬ 
ed by a solid-state detector linked to 
a pulse-height analyzer, thereby al¬ 
lowing determination of which radio¬ 
nuclides had been formed. In addi¬ 
tion, a series of autoradiographs was 
.taken, which gave information about 
where and how the artist used the 
materials made radioactive by neu¬ 
tron irradiation. 

The autoradiographs described in 
this paper were formed on Kodak 
No-Screen Medical x-ray film. It was 
found that film darkening was caused 
mainly by electron emission and that, 
to a first approximation, it was inde¬ 
pendent of the /3-ray energy (Sayre 
and Lechtman 1968). Thus, film 
darkening was directly related to the 
rate of electron emission from the 
various radionuclides present at the 
time the autoradiograph was taken. 
Whenever possible, the film was held 
in contact with the painting or docu¬ 
ment by a very gentle pressure. A 
sheet of rubberdam was placed over 
the film and the artifact, its edges 
were sealed, and a slight negative air 
pressure—never more than a few 
inches of mercury—was produced by 
pumping on the system. This resulted 
in intimate contact between the film 
and the artifact and hence in sharp 
autoradiographic images. 

Autoradiographs taken immediately 
after irradiation were dominated by 
the short-lived elements present. For 
the vast majority of the paintings and 
manuscripts studied, the most sig¬ 
nificant short-lived activity was 56 Mn, 
with a half-life of approximately 2.58 
hr. Manganese is a ubiquitous ele¬ 
ment found in many pigments and as 
a significant impurity in canvas and 
vellum. Most autoradiographs that 
were started within the first day after 
irradiation were dominated by 56 Mn 
activity. This was fortunate/because 
it allowed the radioactive object to be 
transported from the Medical Reac¬ 
tor to either the chemistry depart¬ 
ment at Brookhaven or the physics 
department at Stony Brook without 
loss of significant data. Typically, 
measurements of gamma-ray activity 
were made at Stony Brook within an 
hour and a half after irradiation, and 
the first autoradiograph was started 


within the first two and a half hours. 
The usual film exposure time for the 
first autoradiograph was one hour. 

Additional autoradiographs were 
started one day, several days, a week, 
and several weeks after the irradia¬ 
tion. For paintings, the rule of thumb 
for film exposure time was that the 
film should be in contact with the 
painting as long as the time between 
the end of the neutron irradiation and 
the start of the autoradiograph. Thus, 
the film exposure time for an auto¬ 
radiograph of a painting started one 
week after neutron irradiation was 
about one week. This rule was not 
found to be valid for manuscript il¬ 
luminations, however, owing to their 
high gold content and because they 
usually contain more pigment-rich 
and medium-poor materials than do 
paintings. 

No attempt was made to scan the 
paintings and manuscripts while the 
gamma-ray activity was studied. The 
normal procedure was for the radio¬ 
active artifact to be placed several 
feet from the solid-state detector and 
for an integrated count to be taken. 
Indeed, the whole idea of counting the 
gamma rays from large radioactive 
objects is unusual: the standard 
technique in neutron activation 
analysis is to take small samples of 
materials, irradiate them, and study 
the gamma rays that are emitted. 
However, one can often correlate the 
integrated gamma-ray data from a 
painting or manuscript with the au¬ 
toradiographic data. 

The Spanish Forger 

Figure 1 is a reproduction of a man¬ 
uscript illumination, “Mary Magda¬ 
lene,” found in a fifteenth-century 
Book of Hours purchased by J. Pier- 
pont Morgan in 1900 and now the 
property of the Morgan Library. It is 
thought that the six miniature illu¬ 
minations and twelve calendar illus¬ 
trations in the text were added by a 
forger in the nineteenth century 
(Voelkle 1978), but that the borders 
are genuine; This was one of a series 
of paintings and manuscript illumi¬ 
nations now attributed to The Span¬ 
ish Forger or his workshop that were 
studied by neutron activation analy¬ 
sis at the manuscript laboratory at 
Stony Brook (Muether et al. 1980). 

Gamma-ray spectra indicated that 
the following elements (listed with 


their half-lives) were formed in 
“Mary Magdalene”: manganese (2.58 
hr), copper (12.7 hr), sodium (15 hr), 
arsenic (26.3 hr), gold (2.69 days), 
chromium (27.7 days), mercury (46.7 
days), antimony (60.2 days), and zinc 1 
(244 days). Figure 2 is an autoradio¬ 
graph started one day after the end of 
neutron irradiation with a one-day 
film exposure time (autoradiograph 
1-2 days). Since gold has a cross sec¬ 
tion for activation that is about a 
hundred times greater than the av¬ 
erage cross section for the pigment 
materials, the gold activity com¬ 
pletely darkens the film in the lower 
left region of this autoradiograph as 
well as in the two letter regions below 
the insert. 

The film darkening due to the blue in 
the sky region of the insert is less in¬ 
tense than that due to the blue flow¬ 
ers in the borders. If only one blue 
pigment had been used, the implica¬ 
tion would be that more pigment was 
used in the flowers than in the sky 
region. However, we believe that a 
copper-bearing blue pigment may 
have been used for the borders and a 
sodium-bearing blue pigment for the 
sky; even though the half-lives for 
these elements are about equal, their 
activations are not. If it had been 
crucial to know which materials were 
used for the blue colors, we could have 

removed small samples and analyzed 

the pigments by means of x-ray dif¬ 
fraction or other standard techniques. 
However, since the aim in these ex¬ 
periments was to do basically non¬ 
destructive testing, no blue samples 
were removed. In Figure 3 (autora¬ 
diograph 4-6 days), the dominance of 
the gold activity persists, but the blue 
in the sky and the blue in the borders 
have disappeared, which is consistent 
with a half-life of about half a day for 
both blue regions. This too is conso¬ 
nant with the assignment of a cop¬ 
per-bearing blue (available to artists 
in the Middle Ages) to the borders 
and a sodium-bearing blue (possibly 
artificial ultramarine, which was first 
synthesized in the nineteenth centu¬ 
ry), to the sky. 

In: Figure 4 (autoradiograph 7-9 
days), the gold activity is still present 
but no longer completely masks the 
activity of the green pigment in the 
lower left corner of the insert. This 
green activity is seen to be present but 
fading. By the time Figure 5 (auto¬ 
radiograph 22-27 days) was taken, 
this green activity has disappeared, 
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Figure 1. “Mary Magdalene,” the manuscript 
illumination reproduced here, appears in a 
fifteenth-century Book of Hours. The original 
measures 6.9 X 4.7 inches. On the basis of 
neutron activation analysis, it is thought that 
the borders are genuine but that the miniature 
illuminations were added in the nineteenth 
century by The Spanish Forger or his work¬ 
shop. (Courtesy of the J. Pierpont Morgan Li¬ 
brary.) 

Figure 2 ( opposite , top left). This autoradio¬ 
graph, formed 1-2 days after neutron irradia¬ 
tion, is dominated by gold activity, and there 
is film darkening due both to the blue in the 

insert and the blue in the border. 

Figure 3 ( opposite, top right). The blue has 
disappeared in this autoradiograph formed 4-0 
days after neutron irradiation, but the gold 
activity is still strong. 

Figure 4 (opposite, bottom left). The gold ac¬ 
tivity is diminishing in this autoradiograph 
formed 7-9 days after neutron irradiation, and 
the green activity in the lower left corner of the 
insert is visible. 

Figure 5 { opposite , bottom right). In this 
autoradiograph taken 22-27 days after neutron 
irradiation, the green activity has disappeared 
from the insert but not from the borders, Red 
activity is clearly visible in both the insert and 
the borders. 


but there is still green activity in the 
flowers in the borders. The red colors 
in both the insert and the borders are 
also very clear in this last autoradio¬ 
graph. These data are consistent with 
an assignment of mercury activity to 
all the reds and arsenic activity to the 
green in the insert but not to the 
green in the borders. 

In all seven of the works of The 
Spanish Forger or his workshop that 
were studied, there was strong arsenic 
activity associated with the green 
pigment used. When a small amount 


of this pigment was scraped from the 
rear of one of his panel paintings and 
was subjected to a much higher neu¬ 
tron flux, the data showed that both 
copper and arsenic were present in it. 
Since copper arsenite was not avail¬ 
able as a pigment until about 1814, 
The Spanish Forger’s choice of this 
green pigment seems to place his 
works in the nineteenth century or 
later. It is interesting that the green 
in the borders of “Mary Magdalene” 
persists in Figure 5 long after the 
green of the insert has disappeared; 
this is due to either chromium, anti¬ 


mony, or zinc activities, or perhaps to 
some combination of these materials. 
Once again, no samples of the border 
green were taken, because of the in¬ 
tent to do nondestructive testing 
only. 

Ralph Albert Blakelock 

Ralph Albert Blakelock (1847-1919) 
was the first artist whose works were 
systematically studied by means of 
neutron activation analysis (Cotter et 
al. 1976). Blakelock’s reputation as an 
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Figure 6, “Moonrise,” the painting reproduced 
here, is a mature work by Ralph Albert 
Blakelock, an artist whose paintings have fre¬ 
quently been misattributed. Paintings such as 
"Moonrise” that are known to be genuine have 
been used as a basis for comparison with other 
paintings of less secure attribution. (Courtesy 
of the National Museum of American Art— 
formerly National Collection of Fine Arts— 
Smithsonian Institution; gift of William T. 
Evans,) 

Figure 7, The variations in film darkening on 
this reproduction of the x ray of “Moonrise" are 
due to variations in the transmission of x rays 
through the lead white ground, 

Figure 8, Formed 2 3 /4-5% hours after neutron 
irradiation, when manganese is largely re¬ 
sponsible for film darkening, this autoradio¬ 
graph has a similar appearance to the x ray, 
which suggests that a manganese-bearing pig¬ 
ment was applied directly on top of the 
ground. 



the proliferation of misattributed 
paintings. In many ways his works are 
atypical of late nineteenth-century 
American art, His paintings are ro¬ 
mantic and introspective, and, for the 
most part, he is remembered as a 
painter of moonlight scenes and In¬ 
dian encampments. Beginning in 
1891, he suffered from a mental dis¬ 
order that necessitated his confine¬ 
ment to various hospitals, and from 
1899 until his death, his hospitaliza¬ 
tion was almost continuous. 

jk Ironically, success in the art market 
mg followed Blakelock’s illness, and in 
W 1916 one of his paintings brought 

Jr $20,000 at an auction, then a record 

for a living American artist. Neither 
I he nor his family profited from the 
sale, and the final tragedy occurred 
when one of his nine children, Mari¬ 
an, who was also an artist, had her 
paintings falsely signed with her fa¬ 
ther’s name and then sold in the in¬ 
flated art market of that time. She too 
suffered from a mental disorder and 
was eventually confined to an insti¬ 
tution. 

“Moonrise” (Fig. 6), which is owned 
by the National Museum of American 
Art, Smithsonian Institution, is an 
example of Blakelock’s mature art. It 
is an oil painting on a wooden panel 
measuring 15 X 24 inches and is 
known to be genuine because the 
history of ownership can be traced 
directly to the artist. Our approach 
was to take examples of such un¬ 
questioned provenance from all pe¬ 
riods of Blakelock’s development, 
study them autoradiographically, and 
then, if characteristic procedures in 
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1 Figure 9. This autoradiograph formed 1-2 days 
after neutron irradiation is dominated by the 
activity of the sodium in the medium and var- 
' nishing materials. 

, Figure 10, By the time this autoradiograph was 
formed, 3-6 days after neutron irradiation, 
I arsenic was the principal contributor to film 

| darkening. 

4 Figure 11, Mercury is the main cause of film 
darkening in this autoradiograph taken 14-24 
t days after neutron irradiation. 


\ 


1 his workmanship and choice of ma¬ 
terials could be found, use them as a 
basis of comparison for other paint¬ 
ings of less secure attribution. This 
study necessarily involved many 
paintings, and in a period of about six 
years, 45 works by Blakelock, his 
contemporaries, and even known 
forgers were studied at Brookhaven. 
The autoradiographs of “Moonrise” 
are typical of those of many of the 
Blakelock works studied, 

The x ray of “Moonrise” (Fig. 7) was 
similar to the x rays of other Blake- 
locks on wooden panels. The variation 
in film darkening is due to the un¬ 
equal transmission of x rays through 
the priming layers of lead white pig¬ 
ment, It appears that this lead white 
ground has been applied with some 
sort of scraping tool such as a palette 
knife, The use of such a tool would be 
logical in preparing a coarse and 
uneven board. The relatively uneven 
surface of the pine panel of this 
* painting has been filled in by 
spreading a ground paint over the 
wood. 

| Figures 8-11 are photographs of se- 
: i; lected autoradiographs of “Moon¬ 
rise.” Figure 8 is the autoradiograph 
■j begun 2% hours after the end of the 
neutron irradiation, with a film ex- 
4 posure time of 2'A hours. The auto- 
| radiograph shows an irregular density 
: distribution, with the same scraped- 
on appearance that is observed in the 
1 x ray. Since manganese is the princi¬ 
pal contributor to darkening of the 
, film at this time, a possible explana- 
' tiori is that a manganese-bearing 
pigment was laid down directly on top 





Figure 12, “Woman in Red” bears the signature 
of R. A. Blakeiock on the lower right, but the 
autoradiographs bear little resemblance to 
those of mature paintings of secure attribution. 
It is oil on canvas, and the original measures 
8V4 X11 inches. (Private collection.) 


of the ground layer. Similar tonal 
treatment of the ground layer has 
been observed in other paintings by 
Blakeiock. 

The second autoradiograph of 
“Moonrise” (Fig. 9) has a film expo¬ 
sure time of one day and is typical of 
autoradiographs taken the second 
day after neutron irradiation. By this 
time, the manganese has decayed 
away, and sodium, with a half-life of 
15 hr, is by far the greatest contribu¬ 
tor to film darkening, Again, the sur¬ 
face, like many other Blakeiock sur¬ 
faces, has a very uneven appearance; 
indeed, the term that seems best to 


describe it is “lumpy.” The medium 
used by Blakeiock was not distributed 
uniformly, and the ridges in the sur¬ 
face of the painting correspond in a 
general way to the dense areas of the 
autoradiograph, while the valleys 
show less film darkening. 

According to his biographer, Blake¬ 
iock used copal—a gum with a sig¬ 
nificant sodium content—for both his 
medium and varnishing materials 
(Daingerfield 1914). Examination of 
the lower left-hand region of this 
autoradiograph reveals an absence of 
sodium activity in the vicinity of the 
artist’s signature; it appears as if an 


attempt was made to clean the 
painting, starting at this corner. 
However, if the same material was 
used for both medium and final var¬ 
nish, it would be very difficult to re¬ 
move just the varnish layer. That may 
very well be why the cleaning of this 
painting was stopped, and it indicates 
the tremendous difficulty involved in 
the restoration of Blakelocks. It is also 
interesting to note that some imita¬ 
tors of Blakeiock have attempted to 
achieve his surface effect by applying 
a lumpy ground with a thin covering 
pigment layer. 

Figure 10 is a photograph of an auto- 
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Figure 13 This reproduction of the * to, of "Woman in Red" clearly Figure 14. The fibers of the cm me also visible in this autoradiograph 
shews the fibers of the supporting canvas. taken 11-33 min after neutron irradiation, when smo and barium ae- 




Figure 15. The autoradiograph formed 9-19 days after neutron irradiation 
shows extreme darkening in the area of the woman’s gown, owing to the 

activity of mercury in the vermillion pigment. 



Figure 16. The signature that is visible in the lower lefthand corner of 
Figure 15 has been partially scraped off and then painted over and is 
shown here in an enlargement (top). Below is a reproduction of the sig¬ 
nature from an autoradiograph of a painting known to be by Marian 
Blakeiock (in the Sheldon Memorial Gallery of the University of Ne¬ 
braska). The similarities suggest that “Woman in Red” is also by Marian 
Blakeiock, 
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Figure 17, “Moonlight” has been attributed to 
Ralph Blakelock, but the autoradiographs 
show only a few of the features that are char¬ 
acteristic of Blakelock, and its authenticity 
remains in doubt, It is oil on canvas, and the 
original measures 20 X 30 inches. (Courtesy of 
the Chapellier Gallery, New York.) 

Figure 18. The x ray reveals the use of a scrap¬ 
ing technique similar to that observed in 
Blakelock paintings on panels. 

Figure 19. In the autoradiograph formed 1-3 
days after neutron irradiation, we see a land¬ 
scape that differs so markedly from the surface 
painting that it clearly represents a separate 
painting and not an earlier version of “Moon¬ 
light." 




radiograph begun three days after 
neutron irradiation, when the sodium 
activity has effectively decayed away. 
At this time arsenic, with its 26.3-hr 
half-life, is the largest contributor to 
film darkening. Clearly defined de¬ 
tails stand out in sharp contrast in 
this autoradiograph, because a thick 
pigment has been worked into the 
painting, possibly using the shar¬ 
pened wooden end of the brush. In 
many Blakelocks, the worked-in 
pigment can be associated with the 
artist’s highlighting of the sky 
through the trees. In other Blakelock 
paintings, an antimony-bearing pig¬ 
ment was applied in a similar manner, 
and in his earliest paintings, arsenic* 
and antimony-bearing pigments were 
used for accent application but were 
applied with a brush. 



The fourth autoradiograph of 
“Moonrise” (Pig. 11, autoradiograph 
14-24 days) was obtained after the 
26.3-hr arsenic activity has disap¬ 
peared, and when mercury, with its 
46.7-day half-life, dominates the film 
darkening. The coarsely ground 
mercury-bearing pigment is applied 
very thinly, with broad brush strokes. 
In this autoradiograph, we see the 
glazing technique of the artist. The 
glaze was tinted with a mercury- 
bearing pigment to give an overall red 
tonality to the painting. In other 
works, different pigments were used 
to achieve other final tonalities, but 
the treatment of glazing was sim¬ 
ilar. 
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These four autoradiographs of 
“Moonrise” show that Blakelock at¬ 


tacked the painting surface in an un¬ 
usual way. His approach was often 
that of an untrained artist. However, 
the peculiarities of his method have 
been helpful in distinguishing his 
paintings from those of his imita¬ 
tors. 

Figure 12 is a reproduction of 
“Woman in Red,” which is signed R. 
A. Blakelock on the lower right. Its x 
ray (Fig. 13) is interesting, for the fi¬ 
bers of the supporting canvas are 
clearly visible, which implies that the 
lead white ground was applied very 
thinly. The autoradiographs show 
little, if any, resemblance to those of 
“Moonrise” or any of the other ma¬ 
ture-period Blakelock paintings that 
have been studied. However, in one 
respect, “Woman in Red” is remi¬ 
niscent of two works dating from 
Blakelock’s early twenties. The 
autoradiograph shown in Figure 14 
was formed 13-33 min after neutron 
irradiation, at a time when zinc and 
barium activities dominate film 
darkening for this painting. Again, 
the very broad strokes and the images 
of the fibers of the supporting canvas 
are visible. The canvas was probably 
purchased preprimed with lead white, 
and then the artist applied a second 
priming layer which had a significant 
zinc and barium content. In the two 
very early Blakelock paintings owned 
by the Krannert Art Museum of the 
University of Illinois, similar ground 
materials were observed. However, in 
all other respects, the autoradio¬ 
graphs of “Woman in Red” are dis¬ 
similar to the autoradiographs of 
“Moonrise” and to the autoradio¬ 
graphs of the other genuine Blakelock 
paintings that have been studied. 

The autoradiograph shown in Figure 
15, formed 9-19 days after neutron 
irradiation, is dominated by mercury 
activity. The red gown of the woman 
is very intense, because the pigment 
is undoubtedly vermillion (HgS). 
However, in no way does Figure 15 
resemble the glazing technique shown 
in “Moonrise.” In addition, just below 
and slightly to the left of the woman, 
we can see the remnants of a signa¬ 
ture that has been partially scraped 
off and then painted over. Examina¬ 
tion of the remains of this signature, 
which did not show up in the x ray, 
suggested that it might have been the 
signature of Blakelock’s daughter, 
Marian. For comparison, a painting 
known to have been by Marian 
Blakelock was borrowed from the 


Sheldon Memorial Gallery of 
University of Nebraska and was 
autoradiographed. When the signa¬ 
ture on it (Fig. 16) is compared with 
the partial signature in Figure 15, it 
seems reasonable to conclude that 
“Woman in Red” is actually a paint¬ 
ing by Marian Blakelock that was al¬ 
tered to be sold as a work by her fa¬ 
ther. 

Figure 17 is a photograph of “Moon¬ 
light,” a work attributed to Ralph 
Albert Blakelock. The autoradio¬ 
graphs show the characteristic tonal 
treatment of the ground, but all the 
other traits of Blakelock are missing. 
Thus, statements as to the authen¬ 
ticity of this painting, based on our 
studies, must be ambiguous. 

In the x ray of “Moonlight” (Fig. 18), 
we again observe the use of a scraping 
tool in the application of the lead 
white ground. However, it should be 
noted that all other Blakelock paint¬ 
ings that utilize this scraping tech¬ 
nique are on panels. Since “Moon¬ 
light” is oil on canvas, there would be 
no need to level an uneven surface. 
One sees very little surface detail on 
this x ray, and if an underpainting is 
present, it is certainly not revealed 
here, 

Figure 19 is an autoradiograph 
started one day after the end of neu¬ 
tron irradiation, with a two-day film 
exposure time. We see extensive de¬ 
tails of a landscape that has since 
been painted over, a landscape that 
differs so greatly from the surface 
painting that it must represent a 
separate, and not just an altered, 
composition. This is an example of 
how extensive subsurface structure 
can exist within paintings and yet 
remain hidden from x-ray radiogra¬ 
phy. Autoradiography has revealed a 
number of such underpaintings that 
either do not show up at all in x-ray 
radiographs or show up so poorly that 
their existence might well he over¬ 
looked. 

Current directions 

In 1976 the Metropolitan Museum of 
Art and Brookhaven National Labo¬ 
ratory initiated a cooperative project 
that is still underway. Using proce¬ 
dures developed during the Blakelock 
studies, seventeenth-century Dutch 
paintings are being analyzed by neu¬ 
tron activation autoradiography. The 
principal artist studied in this way is 


Rembrandt, but paintings by Ver¬ 
meer, Van Dyck, and even Picasso 
have also been autoradiographed. 

Neutron activation autoradiography 
has now become a fully accepted 
technique for the examination of 
paintings. Obviously, the analysis of 
Rembrandts and Vermeers with this 
now-standardized procedure presents 
problems that are very different from 
those encountered with Blakelock 
and The Spanish Forger, and the 
importance of these paintings affects 
any authenticity statements. There 
are very few Rembrandts that do not 
have 100-150-year histories of own¬ 
ership, and during that time, gener¬ 
ations of scholars have expressed 
their often varying opinions about 
these paintings. Autoradiography 
gives much insight into the methods 
of these masters, Nevertheless, 
questions of attribution based on 
autoradiographic data now require 
more art-historical, and even legal, 
knowledge than they did in the 
past. 
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Robert Howard 


Global Velocity Fields of the Sun and 
the Activity Cycle 

Measurements of line-of-sight motions on the solar 
surface suggest that the 22-year sunspot cycle is 
generated by a fundamental oscillation deep within 
the sun 


Figure 2. This spectroheliogram of the sun 
taken in the light of the hydrogen-a line in the 
solar spectrum shows us bright plages, long 
dark filaments, and numerous smaller features, 
(Courtesy Mount Wilson and Las Campanas 
Observatories.) 


* 


A star is the fundamental unit of mass 
in the astronomical universe. Our sun 
is a star which seems to be quite sim¬ 
ilar in most respects to billions of 
other stars, One notable difference 
between the sun and other stars is 
that the sun, because of its proximity 
to us, is the only star whose surface 
details we can observe directly. In the 
case of other stars, we must infer the 
structure and surface appearance 
from spectra of light integrated over 
the stellar disk. In this regard the sun 
is a sort of Rosetta Stone for stars in 
general—a guide to the interpretation 
of stellar spectra. 


But, of course, the sun is more than 
an aid in the study of astronomy; it is 
also the source of life on our 
planet—the ultimate supplier of en¬ 
ergy for the fragile environment in 
which we live. As more and more links 
between the sun and the earth emerge 
in such fields as terrestrial magne¬ 
tism, auroral physics, interplanetary 
studies, and, more recently, climate, 
we see increasingly how important it 
is to work toward an understanding of 
the basic mechanisms of solar ac¬ 
tivity. 

The sun became an object of serious 
scientific study early in the seven¬ 
teenth century, when Galileo first saw 
sunspots through his crude telescope. 
Visual sunspot observations contin- 
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ued over the next two centuries or so, 
but somehow it was not until the 
middle of the nineteenth century that 
the eleven-year cycle in the incidence 
of sunspots was noted. Late in the 
nineteenth century, progress in solar 
research accelerated as technological 
advances began to multiply. Powerful 
spectrographs, for example, were 
being used to measure solar rotation 
by the early years of this century. 


Technological innovations, including 
some of the first satellite-borne tele¬ 
scopes in the 1960s, have often found 
their first astronomical application in 
solar studies. 

In spite of its long proud history and 
its intrinsic importance, solar as¬ 
tronomy is a small field in this coun¬ 
try with perhaps no more than 200 
professionals, including those in the 



Figure 1. In this white-light photograph of the are visible. The pole markers define the rota- 
sun taken with an ordinary camera, sunspots tion axis of the sun. (Courtesy Moun t Wilson 
and tiny granules that cover the solar surface and Las Campanas Obsemtories.) 


space effort. There are no universities 
that regularly grant advanced degrees 
in this field, partly because it falls in 
the academic crack between several 
fields—physics, astronomy, and 
geophysics. The critical mass of peo¬ 
ple is being maintained barely, if at 
all, and it must be the only field in the 
physical sciences today with a genu¬ 
ine and severe shortage of qualified. 
Ph.D.’s. 

In this article I will focus on one in¬ 
teresting phenomenon in solar phys¬ 
ics: the activity cycle. I will discuss 
some of its features and outline what 
is now known about rotation and 
other large-scale velocity fields on the 
sun and the relation of these motions 
to solar activity. Because of the na¬ 
ture of these topics, the discussion 
will be slanted toward ground-based 
observations. 

The solar activity cycle 

Sunspots have been studied for 
centuries, but in more recent times it 
has been recognized that the sun of¬ 
fers for our inspection a large variety 
of surface features. In a white-light 
photograph of the sun taken with an 
ordinary camera (Fig. 1), we see the 
photosphere—the lowest layer visible 
to us, Here we may detect not only 
sunspots, but also a granular pattern 
that covers the sun at all times. Indi¬ 
vidual granular cells have dimensions 
of about 1 arcsecond (725 kilometers 
on the Bun) and lifetimes of several 
minutes. They represent hot rising 


Figure 3. In this spectroheliogram taken in the 
light of the K line of ionized calcium the bright 
plages are clearly visible, although the dark 
filaments are seen with less contrast than in the 
hydrogen-a photograph. (Courtesy Mount 
Wilson and Las Campanas Observatories.) 


28 American Scientist, Volume 69 




11 / 26/79 11 / 25/79 11 / 24/79 11 / 23/79 


11 / 15/79 11 / 14/79 11 / 13/79 11 / 12/79 11 / 11/79 11 / 10/79 11 / 9/79 


11 / 6/79 11 / 5/79 11 / 4/79 



210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 


Figure 4. This synoptic chart of solar magnetic 
fields shows the large-scale distribution of ac¬ 
tive regions and older fields for one complete 
rotation of the sun. In this equal-area projec¬ 
tion, the north pole of the sun is the line across 
the top, the south pole is at the bottom, and the 


equator is halfway between, The dates are negative fields. Young active regions are seen 
those of the Mount Wilson observations that as strong, compact features of dual polarity, 
were combined to form this plot; dashed lines The fields of active regions spread out and 


indicate divisions between days, Contour lines 
represent gauss field strengths of 5,10,20,40, 
and 80; black represents positive fields, color, 


weaken as they age at the solar surface. The 
weak polar fields may be seen at the top and 
bottom of the chart. 


and cold descending columns of 
gas—the top of the convective layer 
of the sun. 

If we view the sun at the wavelength 
of one of several strong absorption 
lines in the solar spectrum (i.e, take a 
spectroheliogram), we see only as far 
down as a layer called the chromo¬ 
sphere. The reason we cannot see 
further down in a strong spectrum 
line is that the absorption of light is 
by definition strong in such lines, and 
the stronger the absorption, the 
shallower our view. In the chromo¬ 
sphere we are presented with a view 
of the sun quite different from that 
which we see in the photosphere 
(Figs, 2 and 3). We see bright patches 
(plages), large, dark, elongated fea¬ 
tures (filaments), a bright latticelike 
pattern covering the sun (the chro- 

80 American Scientist, Volume 69 


mospheric network), small bright and 
dark elongated fibrils within indi¬ 
vidual network elements, occasional 
very bright solar flares, and other 
features too numerous to mention 
here. Bright plages are always asso¬ 
ciated with sunspot groups and last 
much longer than the spots them¬ 
selves. The plages are the most ob¬ 
vious manifestations of active regions 
that generally contain spots early in 
their lifetimes. Filaments may be 
found either within active regions or 
at some distance from them. 

The solar cycle may be described as a 
periodic variation in the number of 
active regions that form at the surface 
of the sun, leading to a variation in 
the number of sunspots, plages, fila¬ 
ments, and flares. The chromospheric 
network pattern consists of bright 


patches that break off from plages 
and migrate about the solar surface; 
the fibrils are related to these fea¬ 
tures. 

The one factor that all these cyclic 
structures have in common is that 
they all are related in some way to the 
magnetic fields on the solar surface. 
This fact was established observa- 
tionally for sunspots about 70 years 
ago and for the other features about 
20 years ago, but, although some 
progress has been made toward, a 
theoretical understanding of some of 
these phenomena, much work still 
remains to be done. We do not know 
in detail, for example, why a sunspot 
is cool, and therefore dark. 

Basically, the appearance of an active 
region at the solar surface—with or 


without sunspots—represents the 
emergence from below of one or more 
loops of magnetic field lines, The 
lifetime of an active region is deter¬ 
mined not by the magnetic diffusion 
at the surface (which would require 
millennia) but by convection motions 
that “erode” small field elements by 
carrying them away. The field is then 
later “canceled” by interaction with 
small-scale elements of opposite po¬ 
larity. The solar atmosphere is 
strongly ionized, and thus the mag¬ 
netic fields and the ionized gas are 
locked together. The motions that 
appear to contribute most to the 
random walk of the magnetic field 
elements about the solar surface are 
those of the supergranular pattern, a 
convective mode covering the solar 
surface with a velocity amplitude of 
a few kilometers per second and di¬ 


mensions of about 30,000 kilometers. 
The small field elements tend to get 
pushed to the edges of the cells by the 
surface motion and thus form the 
chromospheric network mentioned 
above. 

Magnetic field elements of the two 
polarities do not end up distributed 
randomly on a small scale about the 
solar surface. Instead, large areas of 
one or the other polarity and weak 
average field strength form from the 
remnant fields of active regions and 
persist, often for many months. Some 
features of this sort may be seen in 
the magnetic map shown in Figure 4, 
Large, quiet-region filaments some¬ 
times form, and when they do, it is 
always between weak areas of oppo¬ 
site magnetic polarity. The smaller 
filaments that form within active re¬ 


gions also separate opposite polari¬ 
ties. 

From our knowledge of the connec¬ 
tion between magnetic fields and cy¬ 
clic phenomena such as the existence 
of strong magnetic fields in sunspots 
or the location of large filaments over 
magnetic neutral lines, we conclude 
that fundamentally the solar cycle is 
a magnetic cycle. It is a periodic 
variation in the amount of magnetic 
flux that erupts to the solar surface, 

But there is more to this variation 
than the rate of eruption of magnetic 
flux. The average latitude of the 
eruption also varies, In the phase of 
minimum solar activity, a new cycle 
starts at about 25° latitude, and the 
average latitude of the active regions 
drifts slowly equatorward (in each 
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Figure 5. This so-called "butterfly diagram" of may still be seen at low latitudes in 1964 and 

solar activity shows the latitude distribution of 1976. As the spots of the old cycle die out, the 

sunspot groups during more than two 11-year spots of the new cycle are formed at succes- 

activity cycles. New spots of a cycle start to sively lower latitudes. (Courtesy Mount Wilson 

form at high latitudes during the phase of and Las Campanas Observatories,) 

minimum activity; the spots of the old cycle 


hemisphere) until it is within a few cycle—a very difficult area for theo- 
degrees of the equator at the next retical development, Although from 
minimum phase (Fig. 5), Generally time to time phenomenological 
the low-latitude spots of the last cycle models have been proposed to ac- 
overlap with the high-latitude spots count for the principal features of the 

of the next cycle when activity is at cycle, no detailed theoretical repre- 
the minimum phase. sentation has met with obvious suc¬ 

cess as yet. Some mathematical 
An additional feature of the solar ac- models, such as those of Yoshimura 
tivity cycle bears mention. Plages and (1979), have explained certain aspects 
the accompanying sunspot groups are of the cycle, but generally within the 

generally roughly bipolar in appear- framework of a rather simplified 

ance, consisting of an area largely of physical model, 
one magnetic polarity and a second 

area largely of the opposite polarity; The difficulty, however, is precisely 
a line joining the centers of these two the complexity of the physical pro¬ 
areas would usually lie roughly east- cesses involved, Much of the action 
west on the solar surface, In any one takes place in the convection zone, 
cycle, nearly all the polarity configu- which occupies about the outer third 

rations (east to west) in the north are of the sun. A precise mathematical 
the same and opposite to those in the treatment of convection in a rotating, 

south. For example, in the current compressible, ionized gas in the 
cycle in the north, fields on the west presence of magnetic fields presents 
side of regions are positive, and on the us with an extremely complex theo- 

east side of regions the fields are retical challenge. In spite of some 

negative. In the next cycle the orien- progress made in the last decade or so 

tation in both hemispheres will be (Busse 1973, Gilman 1979, Durney 
reversed, Thus magnetically the cycle and Spruit 1979), there is still neither 
is 22 years long, not 11, because it re- a complete theory of the basic activity 

quires 22 years to reproduce the same mechanisms nor general agreement 
phase and polarity configurations. on theoretical aspects of portions of 
the overall mechanisms. We are still 
This describes in broad outline the very dependent upon observations to 
major characteristics of the solar lead the way in this field. 


Some observations useful in this re¬ 
spect are those resulting from the pi¬ 
oneering work of Olin Wilson (1978) 
on stellar activity cycles. Although we 
cannot count spots or measure plage 
areas on other stars, it is possible to 
estimate the activity level in the 
stellar chromosphere by measuring 
the intensity in one or more strong 
spectrum lines—the same lines that 
show the plages in the solar spectrum. 
Wilson found variations in the in¬ 
tensity of one of these lines in a 
number of stars that suggested an 
effect quite similar to that of the solar 
cycle. Thus we are fairly confident 
that the sun is not the only star with 
a magnetic cycle. Exploration of 
chromospheric activity on stars other 
than the sun has now become an ac¬ 
tive field of research in stellar as¬ 
tronomy. 

An additional characteristic of the 
solar cycle, and one that a successful 
theory must some day explain, is that 
at times the cyclic variations seem to 
disappear (Eddy 1976). From the 
middle of the seventeenth century to 
early in the eighteenth century (an 
interval roughly coinciding with the 
reign of Louis XIV, the Sun King), 
only a few sunspots were seen, and 
there was no evidence at all of a cycle. 
Thus the mechanisms responsible for 
the cycle must get turned off from 
time to time, and they must be capa¬ 
ble of starting themselves up 
again—a formidable requirement for 
any theory. 

Solar rotation 

Axial rotation is a characteristic that 
appears to be shared by all astro¬ 
nomical objects. The planets and 
satellites of the solar system all rotate, 
as do all the stars, presumably, 
Rotation in stars is detected as a 
broadening of all spectrum lines. The 
lines of a rotating star are broadened 
due to the Doppler effect, because 
part of the stellar disk approaches us 
and part recedes from us as the star 
rotates. The fastest rotations in stars 
are several hundred kilometers per 
second, and such rates are easy to 
detect. Very slow rotation rates such 
as that of the sun (2 kilometers per 
second) are near the limit of detect¬ 
ability in night work, even with the 
most sophisticated instrumentation, 
although, of course, the sun offers us 
sufficient light to allow a rotation of 
2 kilometers per second to be mea¬ 
sured with ease. In addition, the solar 
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surface features offer other possible 
means of measuring rotation (How- 
i ard 1978). 

The rotation of the sun is easily seen 
by tracking sunspot motions—a 
popular laboratory experiment in el¬ 
ementary astronomy courses. The 
i synodic (i.e. as seen from the earth) 
r rotation period is about 27 days, but 
it is not constant with latitude. Low 
latitudes rotate faster than high lati¬ 
tudes, a phenomenon referred to as 
“differential rotation.” The sun, of 
course, is a gas throughout and need 
not rotate as a solid body, but this 
most obvious large-scale velocity 
characteristic of the sun has no simple 
explanation. We believe that the dif¬ 
ferential rotation is closely linked to 
and in some way generated by the 
convective motions. Several sugges¬ 
tions have been advanced about how 
the differential rotation comes 
; about—i.e. how angular momentum 
gets transported to low latitudes— 
but at present no explanation is gen¬ 
erally agreed upon in the solar com- 
[ munity. This is just one of several 
: basic facts about the sun that we 
^ simply cannot explain. 

Solar rotation may also be observed 
by means of the Doppler effect. De¬ 
tecting small amplitude velocities or 
velocity differences requires large 
spectrographs and sophisticated in¬ 
strumentation. It is a difficult obser¬ 
vational task, and not all solar ob¬ 
servatories are in agreement about 
some of the results. The smallest 
r wavelength shifts correspond to dis¬ 
placements of about 0.0005 mm at the 
focal plane of the most powerful 
spectrographs, and at this level it is 
very difficult to avoid systematic er¬ 
rors of one sort or another. Interfer¬ 
ometers are now being used to some 
extent for these measurements, and 
it is hoped that technological ad¬ 
vances along such lines will improve 
the quality of observations in the 
years to come. 

One finding that has emerged in re¬ 
cent years is that the sunspots and 
| other , magnetically related features 
' rotate at a faster rate of speed than 
the gas by about 2 or 3% on the aver¬ 
age. With a rate at the equator of 
about 2 kilometers per second, this 
difference corresponds to about 50 
meters per second. 

Differential rotation is often ex¬ 
pressed as a mathematical series in 


the latitude. This is the equivalent of 
a smooth curve such as that shown in 
Figure 6. An alternative is to deter¬ 
mine the rotation rate in discrete 
latitude zones, a method also illus¬ 
trated in Figure 6. The series repre¬ 
sentation is a convenient means of 
expressing many numbers (the rota¬ 
tion rate at many latitudes) with a few 
parameters. The expression com¬ 
monly used to represent the angular 
rotation rate is 

a; = A + B sin 2 d> + C sin 4 0 

where <j> is the solar latitude and A, B, 
C are coefficients to be determined in 
a mathematical solution. As may be 
seen in Figure 6, this formula repre¬ 
sents the rotation rate within a few 
tenths of a percent at all latitudes (for 
a detailed discussion see Howard et 
al. 1980). 

There is some evidence for temporal 
variations in the solar rotation rate 
over intervals of months, years, or 
longer periods, Such variations must, 
of course, represent a surface effect in 
the very tenuous outer atmosphere of 
the sun. We do not expect that the 
total angular momentum of the sun 
fluctuates on such time scales. 
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Figure 6. The latitude dependence of solar 
rotation is shown here as derived by two dif¬ 
ferent techniques, Both represent averages 
over the interval 1973-77. The solid line rep¬ 
resents the series solution:« = A + B sin 2 0 + 
C sin 4 0, where (j> is the latitude. This is the si¬ 
dereal rate (i.e. referred to the celestial sphere). 
The coefficients are derived from each,day’s 
data and averaged to form this curve, The dots 
represent 34 independent solutions in as many 
latitude zones. The significant discrepancies in 
this representation are at the equator (0° to 3°4 
in either hemisphere) and in the zones closest 
to the poles (70‘3 to the pole in each hemi¬ 
sphere). These discrepancies in each case cor¬ 
respond to only a few m/sec. (From Howard et 
al. 1980.) 


Large-scale surface 
motions 

Convection theory cannot predict 
with confidence the large-scale modes 
of motion that we may expect to see at 
the surface of the sun. We must rely 
heavily on observations to guide us in 
this area. 

By far the most complete series of 
synoptic velocity observations of the 
sun has been accumulated at the 
Mount Wilson Observatory. These 
observations consist of full-disk scans 
of the line-of-sight velocity signal. 
The whole solar disk is recorded, 
using a square aperture 12,5 arcsec- 
onds on a side, which gives about 
24,000 points for each daily scan. 
Recently LaBonte and I (1980) have 
used these data to identify a new type 
of large-scale motion that appears to 
be related to the activity cycle, We 
propose that what we are seeing is the 
effect of a deep-seated oscillatory 
motion, which in turn causes a dy¬ 
namo-like action in subsurface mag¬ 
netic fields that is responsible for the 
activity cycle. 

In order to search for long-lived 
east-west motions, we examined 
rotation results displayed as in Figure 
7. Here we see that the differences 
between the series and zonal rota¬ 
tions, though small, turn out to be 
significant and vary in latitude sys¬ 
tematically. Why should such an ef¬ 
fect show up in this way? The answer 
lies in the fact that a series expression 
such as that used for the rotation can 
represent only a rather smooth curve; 
small-scale latitude variations, al¬ 
though of very small amplitude, can¬ 
not be accounted for by the series. So 
if we subtract for each day the series 
solution from the zonal solutions, we 
get the increase or decrease over a 
smooth rotation for each latitude. 
This is equivalent to subtracting a 
differential reference frame with 
varying amplitude, since the rotation 
rate of the sun is observed to vary 
from time to time. 

There is a possibility that the zones 
seen in Figure 7 are a mathematical 
artifact caused by the choice of func¬ 
tions used in the expansion for the 
rotation. We have established that 
this is not the case by constructing a 
similar plot using the time average of 
all the zone solutions—rather than 
the series solution—as the back¬ 
ground rotation. The result shows the 
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Figure 8. This schematic sketch illustrates how 
a bundle of magnetic field lines below the sur¬ 
face of the sun may be amplified by being 
stretched and twisted, until a loop is finally 
pulled to the surface. The bundle of field lines 
starts as a weak field, slightly twisted [A), After 
some time, the field lines are compressed by the 
stretching and twisting effects of the subsur¬ 
face velocity fields (B). A small irregularity is 
then buoyed upward toward the surface (C), 
finally breaking through to form a pair of sun¬ 
spots of opposite polarities (D). 




same features as Figure 7, except that 
the constant slow zone at the equator 
is not represented, because in this 
approach, by definition, no constant 
features can appear. We use the series 
background to illustrate the effect, as 
in Figure 7, because it is more free of 
noise in the data. 

Figure 7 is a plot of 13 years of these 
results. The quantity that is plotted 
at each latitude represents the in¬ 
crease or decrease in the rotational 
velocity over the average value for 
that latitude from the series solution. 
The amplitudes on this plot are very 
small; the contour levels represent 
1,5,3, and 6 meters per second. But a 
pattern is clearly seen in this quanti¬ 
ty, a pattern of alternating slow and 
fast zones that drift slowly equator- 
ward. 

Although only 13 years of data are 
available so far, we can easily see the 
overall trend in this diagram. A slow 
zone originates at each solar pole at 
the phase of minimum solar activity 
(1976, for example) and drifts slowly 
toward the equator. After about 22 
years, these zones reach the equator. 
Slow zones form between the fast 
zones, and these also require 22 years 
to reach the equator. The amplitudes 
of these flows are about 3 meters per 
second. Clearly the center of the ac¬ 
tivity zone falls just on the shear zone 


between the fast and slow zones, on 
the poleward side of the fast zones. 

The material at any one latitude on 
the 9un rotates slower than normal for 
several years, then faster than normal 
for several years, with a period of 11 
years. This may be regarded as a tor¬ 
sional oscillation—in this case, a 
traveling wave. The speed of the wave 
in the latitude direction is about 2 
meters per second, although we can¬ 
not see this as a Doppler shift of the 
spectrum lines. It should be stressed 
that the technique employed here is 
extremely sensitive to east-west ve¬ 
locities but not at all sensitive to 
north-south velocities, and thus there 
could be a strong north-south com¬ 
ponent to these motions that we 
cannot detect. 

The fact that the center of the zone of 
magnetic flux eruption falls just on 
the shear zone of the oscillation leads 
to some interesting consequences. In 
the first place, this configuration 
helps to rule out the possibility that 
the active regions in some way cause 
the fast or slow zones. There are sys¬ 
tematic motions of various sorts 
known to be associated with active 
regions, and it is conceivable that 
these motions, averaged over an in¬ 
terval of several months, could make 
the sunspot zone appear to go faster 
or slower. The fast rotation rate of the 
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Figure 7. A plot of east-west velocities, after the 
series solution has been subtracted, shows ev¬ 
idence for a torsional oscillation with a period 
of 11 years. Black contours represent faster 
than average rotation for each latitude zone, 
colored contours slower than average rotation. 
The levels are 1,5,3, and 6 m/sec. The maxi¬ 
mum of the current activity cycle was in late 
1979. The previous minimum was in the middle 
of 1976, and the previous maximum was in late > 
1968, Fast zones originate at the poles near 
each phase of minimum activity and drift 
toward the equator, reaching it in 22 years, The 
average latitude of emerging solar activity, in¬ 
dicated by dashed lines, coincides well with the 
shear zone between the fast and slow zones at 
the lower latitudes. We see evidence already of 
the fast and slow zones representing the coming 
solar activity cycle, which will reach its maxi¬ 
mum in about 1991, The fast zone at the 
equator seems to be a real constant phenome¬ 
non, caused by the fact that the series solution 
for the rotation is not able to represent the 
average rotation accurately at the lowest lati¬ 
tudes. 


magnetic fields mentioned above is 
also a potential source of systematic 
rotation differences, but this effect is 
calculated to be much smaller in am¬ 
plitude than the torsional zones in 
Figure 7, But in any case, there is no 
systematic effect that would place the 
shear zone at the center of the activ¬ 
ity zone. Additional arguments are (1) 


that active regions are almost never 
seen closer to the poles than 30° lati¬ 
tude, and the pattern extends to the 
poles, and (2) the number of active 
regions varies greatly between the 
time at which activity is at a mini¬ 
mum and the time at which it is at its 
maximum, but no such variation is 
seen in the shear zones in Figure 7. 


•jgure 9. In the hypothetical solar dynamo 
ketched here, field lines start along the solar 
leridians (left). As the effects of the large- 
;ale velocity field—possibly rotation—stretch 
he fields in longitude, sunspots begin to form 



(center). Note that the westward spots in the 
north would all have the same polarity—a po¬ 
larity opposite to that of the westward spots in 
the south, The observed drift toward the pole 
of eastward magnetic fields of active regions 


The other consequence of the location 
of the shear zones is that it allows us 
to infer that the torsional shear twists 
and amplifies subsurface magnetic 
flux bundles until buoyant forces 
bring them to the surface to form ac¬ 
tive regions (Fig. 8). Such a physical 
model was proposed years ago (Par¬ 
ker 1955) to account for the formation 
of active regions, but the differential 
rotation provided the shear in the 
earlier models. Now there is evidence 
from the coincidence of the latitude 
of the torsional oscillation shear and 
the activity zone that the shear from 
this low-amplitude effect is respon¬ 
sible for the surface activity. 

But how can the torsional shear be 
responsible for the magnetic flux 
eruption when the magnitude of this 
shear is so much smaller than the 
differential rotation? One would ex¬ 
pect that the small increase in the 
shear introduced by the zones would 
be insignificant in determining where 
active regions will form, 

One solution which LaBonte and I 
have proposed to this dilemma is that 
the torsional oscillations take place at 
a layer where the differential rotation 
does not exist or has a very low am¬ 
plitude. By this we mean the differ¬ 
ential rotation, i.e. the latitude gra¬ 
dient, not the rotation itself. Very 
little is known about the rotation of 
the inner layers of the sun—theore- 
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may set up the configuration for the next cycle, 
with all polarities reversed (right). A model 
such as this was first proposed by Babcock 
(1961), 










ticians are not even in agreement 
about whether the interior rotates 
slower or faster than the surface—but 
if the differential rotation is gener¬ 
ated by the convective motions, then 
one would expect no differential 
rotation at the base of the convective 
zone, and it is here that the torsional 
oscillations are presumed to take 
place. What is seen at the surface as 
a torsional oscillation, then, is trans¬ 
mitted radially through the convec¬ 
tive zone from the base, about a third 
of a radius below the surface. 

So we conclude that the torsional os¬ 
cillation is a deep-seated global phe¬ 
nomenon. The phase coherence be¬ 
tween the northern and southern 
hemispheres is further evidence that 
this is not a surface mechanism. The 
torsional motions in the northern and 
southern hemispheres must somehow 
be linked deep in the solar interior. 

A pattern of motion that amplifies 
magnetic fields is called a dynamo, 
and this is present in the case of the 
sun. Until quite recently the models 
proposed to explain the activity cycle 
involved small-scale dynamo action, 
and the redistribution of surface 


fields represented an important part 
of the dynamo mechanism. Now it 
seems likely that the solar dynamo is 
not this sort of phenomenon, but 
rat'her a deep subsurface, large-scale 
dynamo (Fig. 9). The activity cycle 
described earlier represents just the 
surface effects of such a mechanism. 
The magnetic field lines deep in the 
sun get caught up in this torsional 
oscillation, and after they are ampli¬ 
fied for some years, they rise to the 
surface to form the sunspots and 
other surface fields which are the 
flotsam and jetsam of the basic 
mechanisms far below the surface. 

One of the interesting aspects of these 
oscillatory motions is that it is possi¬ 
ble to see now at high latitudes the 
fast and slow zones that will drift 
toward the equator to form the cycle 
after this one. This is the first time 
that we have had any means of seeing 
some direct indication of the coming 
solar cycle. It is not yet known 
whether the torsional oscillations will 
allow us to predict the amplitude of 
the coming cycle. The shear ampli¬ 
tude of the two cycles seen in Figure 
7 varies with the strength of the cycle 
(i.e. the current cycle is stronger than 


the last one), but since so far there are 
only two cycles to examine in this 
way, we cannot state with any assur¬ 
ance that we have found a solid de¬ 
pendence. Any two points define a 
straight line. 

The torsional oscillations give us a 
whole new perspective on the prob¬ 
lem of the solar activity cycle. This 
newly discovered global dynamic 
phenomenon provides us with a 
valuable clue to help unravel the 
mystery of the solar cycle. 
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Eric s. Cheney The Hunt for Giant Uranium 
Deposits 

Unless giant ore deposits indigenous to 
pre-Paleozoic rocks are discovered soon, the United 
States will not be self-sufficient in uranium 


The United States is still the world’s 
leading miner of uranium. As recently 
as a few years ago a domestic uranium 
shortage was not considered as one of 
the potential limits to America’s 
production of energy (Cheney 1974). 
Nonetheless, as Finch and co-workers 
(1973) and Lieberman (1976) have 
predicted, domestic consumption will 
probably outstrip production within 
the next five to ten years. If we are to 
avoid the consequences of being de¬ 
pendent upon foreign sources, some 
very large domestic reserves must be 
discovered almost immediately. 

Figure 1 shows how major types of 
uranium deposits are distributed 
through the geological ages, More 
than 90% of American production has 
come from rather small deposits in 
sandstones in New Mexico, Wyom¬ 
ing, Colorado, Utah, and Texas, 
American exploration efforts are still 
geared to finding more of these 
sandstone deposits and, in the last 
few years, equally small ones in Ce- 
nozoic volcanic rocks; yet elsewhere 
in the world giantdeposits of uranium 
are being discovered in pre-Paleozoic 
metasedimentary rocks. As Levorsen 
(1936) has observed with regard to oil 
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fields: “In some ways it is like hunting 
in Africa with air rifles and pop guns 
and never realizing that there is big 
game in a country even after the na¬ 
tives repeatedly bring in ... ele¬ 
phants.” 

Only one deposit in the United 
States, at Mt. Taylor, in New Mexico, 
contains more than 100 , 000,000 
pounds, or roughly 45,000 metric 
tons, of recoverable U 3 O 8 . Taking this 
as a threshold value, we will define a 
giant deposit as one containing 
>45,000 metric tons of U 3 O 8 . The 
world’s largest known deposit that is 
economically feasible to mine, Jabi- 
luka in the Northern Territory of 
Australia, is reported to contain over 
200,000 metric tons of U 3 O 8 —equiv¬ 
alent to about a third of the reserves 
of the United States. 

Folinsbee (1977) and others have 
stressed that in the case of oil and 
most metals, including uranium, afew 
giant deposits constitute the major 
portion of that commodity. Folinsbee 
suggested a relationship that, if cor¬ 
rect, holds important consequences: 
the sizes of Earth’s oil and ore de¬ 
posits seem to rank according to the 
harmonic series 1 + 1/2 +1/3 + 1/n + 
.... tending toward zero. The biggest 
deposit is thus twice as large as the 
next biggest deposit, three times as 
large as the next-sized one, and so on. 
Folinsbee demonstrated that the 
discovered deposits of many mineral 
resources are indeed distributed by 
size in a way that clearly follows the 
harmonic series. Such a relationship 
is most significant because it means 
that many small deposits cannot 
substitute for even an intermediate 
deposit or two, let alone a giant one. 

In this paper I will discuss why only 
one giant uranium deposit has been 


found in the United States, examine 
some of the likely consequences of 
this fact, and suggest where undisco¬ 
vered giants might be hiding. A brief 
review of American production, re¬ 
serves, resources, and consumption of 
uranium will help to put the problems 
in perspective. (Unless noted other¬ 
wise, the statistics used in this dis¬ 
cussion are those published by the 
Department of Energy in 1979, which 
are based upon the findings of the 
National Uranium Resource Evalu¬ 
ation Program.) 

The recent history of American ura¬ 
nium production can be divided into 
four periods (see Table 1). The 
Atomic Energy Commission stimu¬ 
lated domestic production from 1947 
to 1958 for the weapons program; 
such production peaked at 7.29 mil¬ 
lion metric tons of ore in 1961, when 
16,005 metric tons of U 3 O 8 were pur¬ 
chased by the AEC. The second pe¬ 
riod commenced in 1958, when the 
AEC announced a reduction of its' 
purchasing program for the 1960s. 
After 1965, the year that private sales 
of uranium were first permitted, the 
mining industry entered into long¬ 
term contracts with power companies 
to compensate for reduced purchases 
by the AEC, These long contracts 
held the average price of uranium well 
below spot prices even after 1973. 

As the utility companies began or¬ 
dering fuel for nuclear power plants, 
a third period (1967 to 1976), char¬ 
acterized by increasingly strong 
markets and higher prices, followed. 
During the fourth period, from 1976 
to 1980, the spot price of uranium , 
hovered between $40 and $44/lb, even- 
though this was an inflationary period; 
for almost all other commodities. ;' 
Early in 1980, the price slipped to | 
$32/lb. The cause for this downturn j 
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was twofold: the Three Mile Island 
accident of March 1979, and the 
threat of cheaper production from 
giant, high-grade foreign uranium 
deposits. Thus, the uranium industry 
seems to have entered a fifth period, 
in which the availability of cheap 
foreign uranium will prevent the av¬ 
erage price from rising above the 
historic levels shown in Table 1; as a 
consequence, domestic production 
will decline. 

Domestic supply and 
demand 

American production and reserves of 
uranium are from a large number of 
small mines. Production in 1979 
comprised the output of. 368 mines 
and 23 other operations, such as the 
leaching of uranium from low-grade 
stockpiles, the production of uranium 
from rocks originally mined for 
phosphate fertilizer, and recovery 
from mine waters of copper mines 
and from small, deep ore bodies. Less 
than 5% of the mines accounted for 
more than half of the production and 
reserves; however, none of the mining 
operations was large. For example, 
the mill capacity and production of a 
single moderately large copper mine 
would have equaled the combined 
capacity and output of all the urani¬ 
um mines and mills operating in 
1978. 



Figure 1, The major types of uranium deposits 
are distributed through the geological ages in 
the patterns represented above, The time scale 
indicates billions of years before the present. 
(Names of the pre-Paleozoic ages from Cloud 
1972.) 


posits and undiscovered deposits 
within known geologic trends or areas 
of mineralization. 

Estimates of uranium reserves and 


the average, deposits mineable at a 
forward cost of $30/lb would not have 
been considered ore in 1978 and thus 
were not reserves, but only re¬ 
sources. 

Even at a forward cost of $50/lb, ac¬ 
cording to DOE estimates, only 34 
American deposits have reserves of 
U 3 0 8 in excess of 1,800 metric tons, 
and only 11 of these have more than 
7,300 tons. In one economic analysis 
of mining (Borkert and Gerity 1978), 
9,100 metric tons of U 3 0 8 was con¬ 
sidered a reasonable upper limit. Only 
one American deposit is known to 
contain 45,000 metric tons of U 3 O 8 at 
current prices, but several foreign 
deposits of this size are known. 

A nuclear option? 

Whether the United States has a 
viable nuclear option depends upon 
political, economic, and geologic fac¬ 
tors. If the present political and eco¬ 
nomic problems faced by nuclear 
power are overcome, including waste 
disposal, siting of plants, and the re¬ 
percussions of the Three Mile Island 
accident, the limiting factor would 
appear to be whether the United 
States has sufficient reserves and re¬ 
sources of domestic uranium at a 
given market price. Otherwise, the 
nation might find itself as dependent 
upon foreign imports of uranium in 


resources may vary for several rea- the future as it is on imports of pe- 
Distinguishing between reserves and sons, including price. The Depart- troleum today, 
resources is crucial to the under- ment of Energy quotes reserves and 

standing of natural resources. Ore is resources in terms of “forward cost,” Estimates of the total metric tons 

identified material that can be ex- which is its estimate of the cost of available at a given market price have 

traded under existing legal con- mining. Forward cost specifically fluctuated. DOE estimated that at 

straints at a profit (with uranium, excludes the costs of exploration or the beginning of 1975, at a forward 

profit depends upon either the long- acquisition, mine development and cost of $30flb of UgOs, reserves and all 

term contract price or the spot price, mill construction, and interest and resources amounted to 3,170,000 

according to the status of the indi- other aspects of financing; nor does it metric tons of U 8 0 8 . Hubbert (1967) 

vidual company).. Deposits of such include income taxes and the need for had perceptively estimated American 

ore, in their unmined state, are de- profit from invested capital. Market oil resources by considering the trend 

fined as reserves. Resources, on the prices are typically about twice op- through time of the amount of oil 

other hand, include identified de- erating costs. Thus a reserve quoted discovered per foot of drilling per 

posits that for various reasons do not by DOE at a forward cost of $15/lb of year. Using the same technique and 

meet the definition of ore, as well as UgOs would be mined and sold at a working from the amount of uranium 

any deposits that an authority market price of about $30/lb. discovered per foot of drilling, Lie- 

suggests may be discovered in the berman (1976) calculated that 

future in known or currently un- The relevance of a given forward cost American reserves and resources of 

known mining districts, recoverable can be measured in part by compar- uranium at a forward cost of $30/lb 

at present or future prices. The word ing the uranium content of reserves were only 1,030,000 metric tons. By 

“resource” therefore has a good deal available at that price with the con- 1979, due to rising mining costs, un- 

of speculation attached to it, and its tent of ores being mined at the time, favorable evaluations of areas that 

application may fluctuate with the Table 1 shows that the ore mined in were previously thought to be prom- 

optimism or pessimism of the esti- 1978 was 0.131% U 3 0 8 , whereas Table ising, and the production of 55,000 

mating authority. The term “proba- 2 indicates that the reserves at for- tons of U 3 0 8 , DOE had revised its 

ble resource,” a category in Table 2, ward costs of $15/lb and $30/lb had estimate for $30/lb downward to 

is specifically used by DOE to denote tenors of 0.18% and 0.10% U 3 0 8 , re- 2,422,000 tons. In 1977, however, 

material in extensions of known de- spectively. Here we can see that, on when spot prices reached about 
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1 The recent history of uranium production in the United States falls into four periods. 



Ore grade 

10 B tons 

Mills and 

Mill capacity 

Year 

(%) 

ore 

leach plants 

( tonslday) 

f 1948 

0.263 

0.03 

2 


1950 

0.319 

0.23 

5 


1952 

0.299 

0.39 

8+1 


1954 

0.316 

1.00 

6 + 3 


1956 

0.280 

2.72 

12 

8,127 

,1958 

0.270 

4.69 

23 + 3 

19,105 

1960 

0.236 

7.23 

25 

20,226 

<1962 

0.242 

6.40 

24 


1964 

0.262 

4.80 

21 


1.1966 

0.229 

3.93 

17 


1968 

0.195 

5.85 

16 


1970 

0.202 

5.74 

17 

28,933 

1972 

0.213 

5.82 

20 

28,933 

1974 

0.176 

6.37 

14 

20,861 

.1976 

0.157 

7.81 

16 + 2 

28,262 

(1978 

0.131 

13.01 

20+15 

39,736 


Total tons Average Domestic spot 
recoverable Frice price 

ild. $/lb $llb 


93,2 14,869 

15,640 
95.0 11,434 

95,0 9,231 


Private 

purchasers 


source: Data are primarily from DOE (1979). 


$40/lb, DOE had initiated a new for¬ 
ward cost category of $50flb; for 1979, 
reserves, probable resources, and 
other resources were estimated to be 
3,760,000 metric tons of U 3 0 8 at this 
new cost. 

Table 2 compares Lieberman’s esti¬ 
mates of reserves and resources with 
those of DOE (as defined by DOE, 
reserves plus known resources include 
all known deposits of mineable 
thickness). E^ch row of the table is 
cumulative—that is, tonnages and 
grades of ore at a forward cost of 
$30/lb include those available at 
$ 15/lb, and those at $50/lb include 


All tonnages should be adjusted for 
losses during mining and milling. The 
proportion that can be recovered 
during mining is generally about 90% 
in surface mines but usually is less in 
underground mines because pillars of 
ore commonly must be left in to pre¬ 
vent cave-ins. DOE (1979) includes a 
mining recovery factor in the reserves 
shown in Table 2, but it is not clear 
that such a factor is included in the 
resources. The tonnages for reserves 
and resources must be multiplied by 
the percentage that the.mills can re¬ 
cover, which gives the recoverable 


tonnage. Table 1 shows that after 
1966, mill recoveries dropped as ore 
grades decreased; thus the essentially 
monotonic relationship between ore 
grade and recoveries used in Table 2 
slightly overestimates the amount of 
recoverable U 3 0 8 that could be pro¬ 
duced by present milling technolo- 


DOE (1979) estimated that the de¬ 
mand for uranium would grow about 
7 % per year above the amount pro¬ 
duced in 1978; thus in 1990 the an¬ 
nual requirement would be 36,640 
■ tons and the cumulative requirement 
from 1979 to 1990 would be 293,100 
tons of U 3 Og. Fissionable uranium, 
235 U, constitutes about 0,7% of natu¬ 
rally occurring uranium. Light.water 
reactors, such as those used in the 
United States, require enrichment of 
236 U to about 3%. Because enriched 
uranium can be produced more rap¬ 
idly and with less power consumption 
if plants adjust the level of the en¬ 
richment process in such a way that 
the residual waste material, known as 
tails or tailings, contains 0 . 3 % 235 U 
rather than 0.2%, DOE may operate 
the enrichment plants with a tails 
assay of 0 . 3 %. If so, the annual and 
cumulative requirements noted 


would have to be increased by 1/4 
(because only 4/7 of the 235 U would be 
enriched). 

Significantly, as shown in Table 2, 
DOE’s estimates of the reserves 
available at a forward cost of $15/lb 
do not meet the estimated require¬ 
ments for 1990, especially if these 
requirements are increased by 1/4. At 
first glance the reserves plus resources 
at forward costs of $15/lb and $30/lb 
do appear adequate, and it might be 
reasoned that a reduced nuclear 
program, as a result of the Three Mile 
Island accident, would postpone any 
shortage. However, rising mining 
costs will undoubtedly reduce the 
amount of ore that can be produced 
profitably at a forward cost of $15/lb, 
and we have no assurance that prices 
' in 1990 or afterwards will be equiva¬ 
lent to a forward cost of $30/lb. Fur¬ 
thermore, even if the nuclear program 
is delayed, so that the 1990 estimate 
of cumulative requirements (293,100 
tons of U 3 0 8 ) is delayed until 1995 
instead, an additional 6 years beyond 
1995 of exponential growth at 7% per 
year would consume the largest esti¬ 
mate shown in the dast column of 
Table 2. 


ok™. nsanmfi tails of 0.2%, The cumulative requirements als 
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Table 2. Estimates of uranium reserves and resources (in metric tons), from the Department of Energy (1979) and Lieberm a 
(1976) n 


Type 



Reserves 

Reserves 

Reserves 

Estimated 

Recoverable 

Forward 

Average 


and known 

and probable 

and all 

% mill 

reserves and 

cost 

% U z 0 6 

Reserves 

resources 

resources 

resources 

recovery 

resources a 

DOE ( 1979) 








$15 

0.18 

263,800 




93 

245,000 

$30 

0.10 

625,700 




90 

563,000 

$50 

0,07 

834,500 




89 

743,000 

unknown 

0.17 


504,000 



93 

469,000 

unknown 

0.13 


648,000 



91 

590,000 

unknown 

0.09 


830,000 



90 

747,000 

unknown 

0.06 


947,000 



88 

833,000 

$15 

0.18 



640,000 


93 

595,000 

$30 

0.10 



1,537,000 


90 

1,383,000 

$50 

0,07 



2,199,000 


89 

1,958,000 

$15 

unknown 




989,000 

93 

920,000 

$30 

unknown 




2,422,000 

90 

2,180,000 

Lieberman ( 1976) 








$15 

0.12 




803,000 

91 

731,000 

$30 

0.06 




975,000 

88 

858,000 


This figure represents tons of reserves and resources multiplied by estimated % mill recovery. 



depend on the amount of uranium 
needed for the lifetime of a nuclear 
plant, a figure regarding which esti¬ 
mates vary considerably. DOE (in Li 
and Weibmer 1978), estimated that 
5,000 metric tons ofnatural uranium 
is needed during the 30-year life¬ 
time of each GW (gigawatt, equal to 
one billion watts) of nuclear capacity. 
With total reserves and resources at 
$30/lb amounting to 2,180,000 tons of 
U 3 O 8 , DOE’s estimates yield a com¬ 
fortable a 4 ditional capacity of about 
436 GW after 1979. However, 
Kazmann (1975) claimed that oper¬ 
ating data, including a 0.3% tails assay 
of enrichment plants, indicate that a 
more realistic estimate is 17,000 
metric tons of natural uranium per 30 
years per GW. If the 156,000 tons of 
reserves already committed to existing 
reactors until the year 2000 (DOE 
1979) are subtracted from the esti¬ 
mates of reserves and resources 
shown in Table 2 , Kazmann’s esti¬ 
mate yields a minimum of 5 GW and 
a maximum of 119 GW of additional 
capacity from domestic sources for 
1979 to 2000. By comparison, 48 GW 
were installed by mid-1978, a total of 
100 were planned for 1985, and prior 
to the Three Mile Island accident, an 


additional 130 to 150 GW were pro¬ 
posed for 1985-2000 (Li and Wiebmer 
1978; Hayes 1979). 

The most significant aspect of the 
estimates in Table 2 and the related 
forecasts is that they are based on a 
single type of uranium deposit. At 
present, 97% of all domestic ore and 
reserves and 95% of all recoverable 
uranium are derived from uranium 
deposits in sandstones of Cenozoic 
and Mesozoic age; neither the history 
shown in Table 1 nor the estimates of 
reserves and resources shown in 



Table 3, Important uranium ore minerals 


Mineral Formula 

(j6+ 

uranophane Ca(U0 2 ) 2 (SI0 3 0H) 2 
autunite (Ca, Na 2 H 2 , K a ) (U0 2 ) 2 (P0 4 ) 2 

tyuyamunite Ca(U0 2 ) 2 (V0 4 ) 2 
carnotlte K 2 (U0 2 ) 2 (V0 4 ) 2 

U 4+ 

cofflnite USi0 4 

uraninite U0 2 


Table 2 would be relevant if numer¬ 
ous or large deposits were found in 
different geological environments. In 
fact, the evidence, as discussed below, 
indicates that most of the world’s 
giant deposits do occur in different 
environments. If such giant deposits 
could be discovered in the United 
States, our nuclear option would no 
longer be limited by lack of ura¬ 
nium. 

Types of deposits 

Uranium exists in nature in two va¬ 
lence states, 4 + and 6 + . Table 3 lists 
the more common uranium minerals 
for each valence; Table 4 classifies the 
major types of uranium deposits. 

This paper will not examine types of 
deposits that contain 12,000 metric 
tons or less of recoverable U 3 O 8 : these 
include deposits in volcanic rock 9 and 
those classified as skarns, lignites, and 
pegmatites. The largest known de¬ 
posit in alkalic, silica-deficient igne¬ 
ous rocks is included in Table 4 for 
the sake of completeness. However, a 
low average uranium content {<0.05% 
U 3 O 8 ) and the refractory nature of 
the uranium-bearing minerals make 


most deposits in alkalic igneous rock 
Uneconomic. The interested reader is 
referred to McMillan (1977), De Voto 
(1978), and Cheney and Istas (1980) 
for more detailed accounts of the 
known types of uranium deposits and 
their purported origins. 

The geologic time-scale shown in 
Figure 1 summarizes our knowledge 
of the ages of uranium deposits. No 
rocks of Hadean age are known on 
Earth; nor have any uranium ore de¬ 
posits been found in Archean rocks. 
Uranium ore deposits seem to appear 
about 2.8 billion years ago, and most 
of the known giant deposits are in 
rocks between 2.6 and 1.3 billion years 
old. Of course, smaller examples of 
these deposits do occur in either the 
same or younger rocks. The oldest 
known uranium deposits of giant size 
are the Witwatersrand-type quartz 
pebble conglomerates. 


The Witwatersrand-type deposits 
(see Fig. 2) are conglomerates con¬ 
sisting of well-rounded pebbles— 
mostly of quartz-embedded in a 
compact matrix of quartz, micas, 
clays, and heavy minerals (principally 
pyrite, FeS 2 ), with the pebbles con¬ 
stituting about 70% of the rock. The 
economically important heavy min¬ 
erals are gold and uraninite. The 
conglomerates are distinct layers, or 
strata, within much larger volumes of 
sandstone. Strata in the Witwaters- 
rand system of South Africa are the 
major source of the non-Communist 
world’s gold, averaging < 10 parts per 
million (ppm), and produce signifi¬ 
cant amounts of uranium (70 to 250 
ppm) as a by-product of gold mining 
(see Table 4), Uranium deposits (600 
to 1,400 ppm U 3 0 8 ) in similar con¬ 
glomerates in the Elliot Lake district 
of Ontario were the major source of 
Canada’s uranium production 


through the 1970s, but produced no 
gold. Similar strata, though of much 
smaller volume and lower grade, do 
occur in the United States (Houston 
1979), Brazil, and Australia, but have 
not been significant producers'of ei¬ 
ther gold or uranium. 

Geologists studying the Witwaters¬ 
rand-type ores have demonstrated 
that they are Proterophytic placer 
deposits—water-laid sediments from 
which small, light grains have been 
removed, leaving a residue of large, 
heavy pebbles (mainly quartz) and 
smaller grains of dense minerals, such 
as pyrite, gold, and uraninite, that 
were deposited among the pebbles as 
sand and silt (Pretorius 1975). De¬ 
spite the great antiquity of the sedi¬ 
ments, organic matter is present. 
Organic layers less than 5 cm thick 
that occur peripheral to the South 
African conglomerates are probably 



Table 4. Tenor and tonnage of major uranium deposits, by type of deposit 


Type 

Tenor U&Oa 

Metric tons 
recoverable 
IhOsin 
largest 
deposit 

Largest known 
deposit 

Primary uranium producers 

Wyoming £0,13 

<20,000 

? 

Mt, Taylor, 

Grants 

<0.19 

>45,000 

New Mexico 

Alkalic 

Instrusions 

>0.2 h 

<30,000 h 

Poco de Caldas, 

Brazil 

Bossing 

0,035 b 

>130,000 b 

Rossing, 

South West Africa 

Jabiluka 

0.38 d 

207,000° 

Jabiluka, Northern 
Territory, Australia 

Athabasca 

0.4 to 3.9 d 

100,000“ 

Ranger, Northern 
Territory, Australia 

Witwatersrand 

0.08 to 0.14 b 

>160,000 

Elliot Lake, 

Ontario, Canada 

Calcrete 

0.15° 

46,000° 

Yeellrrle, 

Western Australia. 


Other 

products . Remarks 

most deposits < 10,000 tons; average 
none tenor of production = 0.117% a 

most deposits < 20,000 tons; average 

V tenor of production = 0.150% a 

Th being brought into production In 1979 

? world's largest uranium mine 

world's largest uranium deposit: 

An not yet in production 

Ni, Co, northern Saskatchewan has largest 

Au, Ag known reserves in Athabasca-type ore 

Elliot Lake was world's largest 

Yt uranium district until 1977 b 

V not yet In production 


By-product uranium 

Witwatersrand 0.007 to 0.025® >45,000' 

phosphorite <0.025 fl ? 


Carbon Leader, 

South Africa 
Phosphoria Formation, 
Wyoming 



one section of one mine (0,031 %) . 

Au 

Is primary uranium producer 8 


biggest production from phosphorites 

P, F 

In Florida 

V, Mo, 

Gassaway member of Chattanooga Shi 

oil, etc, 

0.008%l 


a DOE 1979 f Mehliss 1979 

» McMillan 1977 0 Finch et al. 1973 

o Gucclone 1977 " DeV T^ 8 ^ 7Q 

d Hegge 1977 Frietsch et al. 1979 

0 Chamber of Mines of South Africa 1979 1 Brown 1956 


0 Chamber of Mines of South Africa 1979 1 Brown 1956 



1081 January-February 41 



Figure 2, In this sample of Witwatersrand 
conglomerate from the Western Deep Levels 
Mine, South Africa, the pyrite can be seen in 
the matrix of the conglomerate as golden 
specks about 1 mm in diameter, A Krugerrand 
gold coin, 32 mm in diameter, is included to 
indicate scale. 


physically entrapped particles of gold 
and uraninite. These layers are in¬ 
creasingly being mined for gold and 
uranium. The presence of the organic 
layers, generally believed to be old 
algal or fungal mats, the wide geo¬ 
graphic extent of the conglomerates, 
which are rarely more than a meter 
thick, and sedimentary structures in 
the conglomerates and the enclosing 
sandstone suggest that the conglom¬ 
erates were deposited as delta fans or 
as beach deposits in a large lake or 
shallow sea. Conversely, the lack of 
algal mats, the linear shapes of the 


bodies of the conglomerates, and the 
sedimentary structures suggest that 
the Elliot Lake conglomerates were 
deposited in river channels. Figure 3 
shows how these environments might 
be related—-in the case of the Wit¬ 
watersrand, the river channels have 
been removed by erosion, whereas at 
Elliot Lake it is the delta fans, if they 
existed, that have been removed, 

The upper age limit of the Witwat- 
ersrand-type deposits ( 2.8 b.y.) coin¬ 
cides with the deposition of Earth’s 
first extensive shallow water sedi¬ 
ments on the first (Archean) mini¬ 
continents. Uranium in the 4 + va¬ 
lence is not particularly soluble in 
surface water, whereas in the 6 + va¬ 
lence it is readily soluble. Uraninite 
(by oxidation to 6 + uranium) and 
pyrite are soluble in oxidizing waters, 
and thus the lower age limit of Wit- 
watersrand-type deposits ( 2.2 b.y.) is 
widely believed to be related to the 
evolution of the oxygen-bearing at¬ 
mosphere (Cloud 1972; Pretorius 
1975; McMillan 1977), which, in turn, 
was probably caused by the evolution 
of photosynthetic bacteria about 2.8 
b.y. ago (Schopf 1978). 

The term “Athabasca-type” denotes 
fracture- and vein-controlled deposits 
(Fig. 4) in graphite- or sulfide-bearing 
metamorphic rocks of Proterozoic 
age, overlain by younger Proterozoic 
and much less metamorphosed buff 
to red sandstones. The interface be¬ 
tween the two rock types is called an 
unconformity and represents an old 


surface of erosion. In the vicinity of 
the ore, the metamorphic rocks are 
usually altered to chloritic (green 
mica) schist. In some deposits (Fig, 5 ), 
ore extends up into the sandstones 
and also occurs in the paleosoil that 
developed on the metamorphic rocks 
before the sandstone was deposited, 
The uranium ores rarely extend more 
than 200 m below the unconformity. 
As shown in Table 4, Athabasca-type 
deposits are some of the world’s 
richest ores. Most have been discov¬ 
ered in the past decade. 

Giant deposits appear to be restricted 
to terranes in which the basal parts of 
overlying sandstones are > 1.3 b.y. 
old. The best examples are deposits 
beneath and within the type area, the 
Athabasca formation of Saskatche¬ 
wan; those beneath the Kombolgie 
formation of the Northern Territory 
of Australia also illustrate this type. 
These deposits have been variably 
modified, perhaps even concentrated 
by later metamorphism, and thus 
their origins are less than certain. 

They may have been either deposited 
from surface waters during Protero¬ 
zoic weathering or formed by 
groundwaters moving through the 
Proterozoic sandstones soon after the 
sands were deposited (Langford 
1978). Uranium in Proterozoic waters, 
whether on the surface or subsurface, 
may have been generated by the 
geologically sudden solubility of 
uranium after the evolution of 
an oxygen-bearing atmosphere 
(McMillan 1977). Precipitation from 
the oxidizing water was presumably 
due to a local reducing environment. 
In many instances, reducing condi¬ 
tions seem to have been generated by 
the oxidation of previously existing 
sulfide deposits to sulfite, which then 
disproportionated to sulfate and bi- 



deposltional edge of basin 


shoreline 


10 km 

approximate scale 


sulfate ions. Bisulfide is a natural re- 
ductant of soluble, hexavalent ura¬ 
nium. Smaller, and commonly 
lower-grade, fracture- and vein-type 
deposits beneath post-Proterozoic 
unconformities (such as the 


Figure 3. An idealized map shows the envi¬ 
ronment in which the Witwatersrand and 
Elliot Lake conglomerates are believed to have 
been deposited. The proportions, of uranium 
and gold contained in the conglomerates 
change from the edge of the basin of deposition 
to the margins of the sediment fan. (After 
Pretorius 1975). 


Schwartzwalder deposit in Colorado, 
{he Midnite in Washington, and veins 
central France) are probably lat¬ 
ter-day equivalents of the Atha- 


A third type is seen in the enormous 
^ a biluka deposit, which also lies be¬ 
neath the Kombolgie formation of the 
Northern Territory of Australia. It 
may even be an Athabasca-type de¬ 
posit. However, it extends more than 
200 m below the unconformity and 
because it appears to be restricted to 
individual metasedimentary rocks 
(Pig. 6), it may have formed during or 
soon after deposition of the original 
shaley strata in which it is enclosed. 
It would then be related in age to the 
rocks below the unconformity rather 
than to those above, as is the case for 
Athabasca-type deposits. Such an 
origin might also be attributed to the 
initial solubility of uranium in the 
early Proterozoic. Unmetamorphosed 
black shales, such as the Alum shale 
(<350 ppm U 3 O 8 ) of Sweden and the 
Chattanooga shale (<80 ppm U 3 O 8 ) 
of Tennessee, discussed below as 
sources of by-product uranium, may 
be latter-day (Paleozoic) variations of 
Jabiluka. 

In Namibia/South West Africa, the 
Rossing deposit (Fig. 7) occurs in a 
variety of closely spaced granitic 
rocks in predominantly feldspathic 
metamorphic rocks, or gneisses, 
which were derived by the high-tem¬ 
perature recrystallization of older 
sedimentary rocks. Such geologic 
terranes are called migmatites: the 
rocks were subjected to sufficiently 
high temperatures and pressures for 
a certain amount of melting to occur, 
intermediate between that which 
occurs in magmatic and metamorphic 
environments. The time of the burial 
and heating that generated the mig- 
matite at Rossing is the latest part of 
the Proterozoic. 

Uraninite (U +4 ), the major ore min¬ 
eral, is restricted to the granitic rocks 
formed from partial melting. How- 


jgure 5. This schematic cross section of an 
tjiabasca-type deposit shows the ore minerals 
rticentrated along an unconformity. They are 
re gumed to have been carried to their sites of 
eposition by oxidizing solutions moving 
“rough the porous Athabasca formation. In 
5 rne deposits the Athabasca formation and 
eolith have been removed by erosion. (After 


ever, 40% of the uranium occurs as 
uranophane (U +6 ), which is found in 
both the granitic and the metamor¬ 
phic rocks, The uranophane was 
probably generated by weathering in 
the present arid climate, which 
caused the oxidation of uraninite and 
the dissolution and episodic repreci¬ 
pitation of uranophane. As erosion 
removed the rocks above, dissolution 
and reprecipitation increased the 
uranium content of the rocks below. 
Similar migmatite deposits in other 
parte of the world are commonly of 
limited economic importance., be¬ 
cause the ratio of uraninite-bearing 
granitic to metamorphic rocks is 
lower, and in addition the rocks have 
not undergone extensive weath¬ 
ering. 

Rossing-type deposits are largely re¬ 
stricted to Proterozoic migmatites— 
probably because the geochemistry of 
uranium is similar to that of potassi¬ 
um, and Archean migmatites are 
sodic instead of potassic. Further¬ 
more, relatively few post-Proterozoic 
migmatites have been exposed by 
erosion. 

Sandstone-type deposits, a fifth cat¬ 
egory, are unphotogenic impregna¬ 
tions of uraninite, coffinite, and py¬ 
rite in continental sandstones over¬ 
lain by, or intercalated with, strata 
containing volcanic debris. The de¬ 
posits are well-developed in Wyoming 
and Texas, where they occur as cres¬ 
cent-shaped bodies, or “rolls,” in 
Cenozoic sandstones (Fig. 8); deposits 


I ■ 

1 


Figure 4, In this sample of Athabasca-type ore 
from Midnite Mine, in Washington, the rock 
below has been sawed to expose the bands of 
pre-Paleozoic. argillite. Black uraninite, or 
pitchblende, is visible on the surface of a sim¬ 
ilar specimen above. ’ 


with a similar origin in the Mesozoic 
rocks of the Grants district of New 

Mexico are more nearly tabular, 

Because sandstone deposits com¬ 
monly occur in or adjacent to the or¬ 
ganic material found in continental 
strata, they probably are no older 
than the evolution of land plants 
(Finch 1967)—about 0.45 b.y., ac¬ 
cording to one estimate (Gray and 
Boucot 1978). Roll-type deposits ap¬ 
parently originated when uranium- 
bearing groundwater moving through 
a porous sandstone aquifer encoun- 
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Kombolgle formation 
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Figure 6. This schematic cross section of the 
Kombolgie formation shows the great depth at 
which uranium occurs beneath the unconfor- 


tered pyrite previously precipitated 
by anaerobes living upon the trapped 
organic material (Cheney and 
Trammell 1973). As in Athabasca- 
type deposits, the oxidation of pyrite 
by the groundwater caused a series of 
reactions which ultimately led to the 
reduction of hexavalent uranium and 
the precipitation of uraninite. As 
shown in Figure 8 , the process was a 
continuing one: as groundwater 
flowed, the “roll” moved slowly for¬ 
ward, dissolving on the inside and 
precipitating in the pyritic rocks. 

A sixth type of deposit, calcrete, 
consists of carbonate and silica min¬ 
erals precipitated from surficial wa¬ 
ters or shallow groundwater by 
evaporation in arid climates. Where 
such minerals occur in surficial sands 
and gravels they are termed caliche. 
Because calcretes and caliche are 
usually related to the present erosion 
su rface, they tend to be very young. In 
a few calcretes and caliches, hexav¬ 
alent uranium minerals, especially 
carnotite or tyuyamunite, occur in 
economically significant amounts. At 
present, the only known giant is the 
calcrete at Yeelirrie, in Western 
Australia, but Langer Heinrich, in 
Namibia/South West Africa, may be 


Types of giant uranium deposits as 


p graphitic 
^ mica schists 


mity in the Jabiluka Two Deposit in Northern 
Territory, Australia. (After Hegge 1977.) 


yet unidentified might be found as 
the geology of uranium becomes bet¬ 
ter known. Because most types of 
uranium ore deposits contain more 
sulfide minerals than they do urani¬ 
um minerals, the known types of 
sulfide deposits could be used as 
models for uranium exploration. For 
example, many of the world’s large 
copper sulfide ore deposits are in 
sandstones and siltstones that formed 
in the evaporite environment of tidal 
flats, or sabkhas (Renfro 1974). Thus, 

; giant sabkha-type uranium deposits 
may await discovery. Sabkha-type 
copper deposits are most numerous in 
late Proterozoic and late Paleozoic 
strata; presumably it is in rocks of 
these ages that uranium deposits 
should be sought. Until a new type of 
ore deposit is identified, however, we 
are practically unable to predict its 
existence. Thus, the discovery of new 
types of uranium deposits involves a 
certain amount of chance. As time 
passes and prospecting becomes more 
thorough, the possiblity of uncovering 
new types of deposits is likely to de¬ 
cline. 

Some deposits of other minerals may 
ultimately produce high amounts of 
uranium as a by-product. Obviously, 
the recovery of large tonnages of 
uranium depends primarily on the 
economics of the major product; 


otherwise, vast quantities of rock 
must be mined at high unit costs. 
Historically, the most important 
source of by-product uranium has 
been the Witwatersrand gold deposits 
of South Africa; a few of the mines 
will eventually produce 10,000 to 
20,000 tons of UA. However, indi¬ 
vidual strata in the Witwatersrand 
sediments—such as the Carbon 
Leader, which occurs in four adjacent 
mines, and the Basal Reef in the Or¬ 
ange Free State—do contain more 
than 45,000 tons of U 3 O 8 (Mehliss 
1979). South African production in 
1978 from the gold mines was 4,531 
tons, compared to a peak of 5,800 tons 
ofU 3 0 8 in 1959. 

The Alum shale in Paleozoic rocks at 
Ranstad in southern Sweden is oil- 
rich rock that appears to be on the 
verge of becoming a giant source of 
by-product uranium. The grade 
varies from 0.025% to 0.32% U 3 Os 
(Frietsch et al. 1979) but apparently 
averages 0.035% (McMillan 1977). 
The deposit covers 500 km 2 ; the ura¬ 
nium-bearing layer is 2.5 to 4.0 m 
thick. At least 300,000 tons of urani¬ 
um are technically recoverable as a 
by-product of oil extraction, and va¬ 
nadium, molybdenum, magnesium, 
sulfur, nickel, chromium, aluminum, 
and potassium are potential by¬ 
products. In 1978, plans were being 
formulated to mine about a million 
tons of shale per year (Frietsch et al. 
1979), 

The second most important source of 
by-product uranium is American 
phosphoric acid plants that treat 
phosphatic strata (phosphorites), 
principally in Florida. A much smaller 
volume of uranium is produced as a 
by-product of large copper mines in 
granitic rocks and mines of other 
types of metallic ore deposits. The 
combined total of all by-product 
uranium in the United States is not 
likely to exceed 3,600 tons/year in the 
next 15 years—equivalent only to the 
output of small uranium mines, 

Potential supplies and 
strategies 

The distribution of the non-Com- 
munist world’s giant deposits ob¬ 
viously affects the distribution of re¬ 
serves. At the end of 1979 more re¬ 
serves were in Athabasca-type de¬ 
posits than in any other type. The 
United States (sandstone), Canada 
(Athabasca > Witwatersrand), 
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Namibia/South West Africa (Rossing 
> Witwatersrand > caliche > sand¬ 
stone), Australia (Jabiluka > Atha¬ 
basca > caliche), Sweden (if the Alum 
shale is economic), and the combined 
nations of the rest of the non-Com- 
munist world have roughly similar 
amounts of reserves. 

\ Because at least some of the new dis¬ 
coveries of Athabasca deposits in 
Saskatchewan were being brought 
into production in 1977 and 1978, 
while none of the Australian deposits 
were, Canada will strengthen its po¬ 
sition as the second leading producer 
and may eventually surpass the 
United States. The Australian delay 
implies that either South Africa or 
Namibia will be the third leading 
producer for the near future. Because 
the giants are in pre-Paleozoic rocks, 
present aggressive exploration in 
Brazil, where such rocks are common, 
may find major reserves. 

If no American giant deposits are 
discovered soon, within two decades 
all American reserves and resources 
are likely to be consumed by or allo¬ 
cated to existing reactors, Even if the 
current problems confronting the 
development of the nuclear industry 
decrease the demand, more cheaply 
produced uranium from foreign 
giants will probably depress the price 
of uranium, make some of the smaller 
or lower-grade American sandstone- 
type deposits uneconomic, and 
thereby decrease American reserves. 
Only the cooperation of foreign gov¬ 
ernments or their unwillingness to 
permit sales much below the present 
market price would keep prices high 
enough to save some American pro¬ 
ducers. Of course, an organization of 
uranium-exporting countries might 
hold prices at a level that would be 
uneconomic for American pro¬ 
ducers. 

In the absence of giants, the major 
problem facing the U.S. government 
and the domestic mining industry is 
that once the current crop of sand¬ 
stone-type deposits is exhausted, the 
United States does not appear to have 
many economic deposits with tenors 
between 0.08% and 0.03%. The reason 
for such a gap may be that uranium, 
like other metals, is distributed bi- 
modally. Skinner (1976) has sug¬ 
gested that only above certain 
threshold values is uranium abundant 
enough to form discrete ore minerals 
easily recoverable by physical or 



Figure 7. Two samples of pegmatite from a 
Rossing-type deposit in Webster, Colorado 
contain uraninite in specks usually less than 1 
mm in diameter and amounting to less than 
0.1% of total volume of the pegmatite. Minerals 
visible in the sawed specimen (below) are 
quartz (gray), feldspar (white), and biotite 
(black mica). The field of view is 6 cm across. 


chemical processes; below the 
threshold value the uranium resides 
in the lattices of common rock-form¬ 
ing minerals. Table 4 shows that for 
by-product uranium in Witwaters¬ 
rand conglomerates, the threshold 
value is less than 0.007%. 

In contrast to Skinner’s viewpoint, 
Deffeyes and MacGregor (1980) argue 
that the tonnage-tenor distribution of 
uranium in Earth’s crust is not bi- 
modal (on a log-normal scale), and 
that each tenfold decrease in tenor 
thus results in a 300-fold increase in 
tons of uranium. Deffeyes and 


MacGregor conclude that this trend 
assures an ever-increasing supply of 
uranium as escalating prices justify 
mining lower tenors. Their com¬ 
puter-generated curves suggest that 
the geometric increase in tons of U 3 0 3 
for American sandstone-type deposits 
ceases below 0.15% U 3 0 3 , but this 
could be due to the lack of data for 
lower tenor sandstones. 

The model of Deffeyes and MacGre¬ 
gor may show a log-normal distribu¬ 
tion between tenor and tonnage, but 
it does not prove that a log-normal 
distribution exists between tenor and 
economically recoverable tonnage. 
Then too, for the model to give results 
favorable to the United States we 
must assume constantly escalating 
uranium prices, which seem unlikely 
in the next two decades, to permit the 
mining of successively lower-grade 
ores. Furthermore, deposits in the 
range of 0.08% to 0.03% U 3 O 8 , from 
which the uranium can be economi¬ 
cally recovered, may exist on Earth 
but not within the geographic 
boundaries of the U.S. Regardless of 
the kind of distribution followed by 
uranium, the next two decades are 
critical ones for uranium production 
and exploration in the United 
States. 

If a giant deposit or a sufficient 
number of smaller but economic de¬ 
posits in the range of 0,08% to 0.03% 
cannot be found, the United States 
could be self-sufficient only by min¬ 
ing the enormous domestic deposits 
with <0.01% U 3 0 3 in the black 
Chattanooga shale of Tennessee, the 
Phosphoria formationof the Northern 
Rockies, and similar strata. The en- 



Figure 8 This schematic cross section illus- the solution moves through the pyritic ore body 

trates the origin of a roll ore body. Solution flow where reduction occurs and uraninite is pre- 

is confined by two impermeable layers of silt- cipitated. The width of the ore roll can vary 

stone. Uranium is oxidized and picked up by from 2 to 40 meters. (After Cheney and 

flowing groundwater along the solution front; Trammell 1973). 
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Figure 9. A geologic map of the pre-Paleozoic younger rock and sediment cover that overlies 
rocks of South Dakota shows Sioux quartzite the pre-Paleozoic rocks; the pre-Paleozoic 
overlying the other rocks with which it is in rocks now crop out within areas bounded by 
contact, Isopleths indicate the thickness of the zero isopleths, 



ergy available as uranium in a ton of duction to consumption, the size of in Cenozoic-aged granitic and vol- 
Chattanooga shale is about equiva- the stockpiles, and an estimated 100 canic rocks. Furthermore, ores in 
lent to the energy in a ton of coal GW of nuclear capacity in 1985 sedimentary rocks were attributed to 
(Lieberman 1976). The most ura- suggest that the United States has hydrothermal solutions that eraan- 
nium-rich portion of the Chattanoo- one decade of assured supplies. In ated from granitic intrusions inferred 
ga, the top black unit of the Gassaway other words, considering the lead to be just beyond the limits of obser- 
member, is about 2 m thick and av- time necessary to find an ore deposit vation. The first century of mineral 
erages about 0.005% to 0.008% UgOs and to bring it into production, the exploration ended in the 1950s, about 
and 15% pyrite (Brown 1956). Eco- U.S. needs to discover a giant deposit the same time numerous sandstone- 
nomic recovery of the uranium would or two immediately. Failure to do so type uranium deposits in Mesozoic 
depend on the recovery and market will invite problems in the next dec- and Cenozoic strata were discovered 
prices of some or all of the following: ade similar to those now caused by by nongeologists carrying Geiger 
synthetic crude oil (oil shale), vana- dependence on foreign petroleum, counters. Because these discoveries 
dium, cobalt, nickel, molybdenum, produced more uranium than the 

and sulfur. The high pyrite content of Where are the giants? Atomic Energy Commission cared to 

the shale and the large scale of mining ° ' buy, exploration ceased before he- 

required could cause colossal prob- The apparent lack of giant deposits in coming geologically sophisticated, 

lems of disposal and acid mine-water, the sedimentary pre-Paleozoic rocks 

Mining of such strata may be eco- of the United States suggests either The second century of exploration for 
nomically or environmentally too that American prospectors are no metallic ore deposits coincided with 
expensive, unless subsidized for better equipped to recognize a uran- the influx of petroleum companies 
strategic reasons by the federal gov- iferous giant than they were to rec- into the field in the middle 1960s. As 
eminent. ognize the petroliferous giant 50 years the uranium boom spread in the 

ago, or that such deposits do not exist. 1970s, the petroleum companies uti- 
An interim solution is to continue to However, we do have enough reports lized their expertise gained in petro- 
increase (1) imports for stockpiling, of Witwatersrand-type quartzites and liferous post-Proterozoic sedimentary 
(2) the efficiency of the enrichment conglomerates (Vickers 1956; Graff rocks to find more sandstone-type 
process, and (3) the fuel efficiencies 1979; Hills 1979; Houston 1979) to deposits. Thus, pre-Paleozoic rocks 
of reactors, while (4) not allowing the postulate that some giants may be were largely neglected by both the 
nuclear program to outstrip domestic hiding in the U.S. traditional mining companies and the 

reserves. In 1977 the U.S. produced petroleum companies. Finch and co- 

about 12,700 metric tons of U 3 O 8 , If the giants are hiding, our inability workers, for example, reported as re¬ 
consumed 11,700 and imported 3,600, to find them might be attributed to a cently as 1973 (p. 466) that no Wi t- 
mainly for stockpiling; governmental few accidents. In the first century of watersrand-type conglomerates crop 
and private stockpiles of natural their endeavors, American prospec- out in the United States, 
uranium at the end of 1977 totaled tors were dazzled by the easily found 

47,000 metric tons. The ratio of pro- deposits of base and precious metals With hindsight, it might be argued 
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that the exploration staffs of Ameri¬ 
can companies (and the universities 
that provided the raw material for 
these staffs) should have avoided 
these accidents. However, until the 
uranium boom began to develop in 
1973 and 1974, the economic incen¬ 
tive to look for giants did not exist. Of 
course, because of this boom, sand¬ 
stone-type deposits were still eco¬ 
nomically attractive (but small) tar¬ 
gets for exploration, and much ex¬ 
ploration is still devoted to discov¬ 
ering more of them. 

The most obvious place to look for 
giants in the United States is in the 
outcropping areas of pre-Paleozoic 
rocks of the proper lithology and age 
(Houston 1979). If no giant deposits 
are found in those rocks, and if do¬ 
mestic deposits are desirable, both 
industry and government must then 
contemplate the arduous and expen¬ 
sive task of making detailed evalua¬ 
tions of the pre-Paleozoic basement 
rocks beneath the cover of younger 
rocks in the mid-continental part of 
the country. 

Two exciting possibilities are already 
k nown to exist in the northern states, 
where the basement may not be pro¬ 
hibitively deep to explore or mine. 
First, if the Witwatersrand-type me¬ 
tasediments of the Sierra Madre of 
Wyoming are correlative with those 
that contain the Elliot Lake deposits 
in Ontario, as Graff (1979) suggests, 
Witwatersrand-type deposits may be 
found, beneath the surface, between 
Wyoming and Michigan; the presence 
of Witwatersrand-type metasedi¬ 
ments in the Black Hills of South 
Dakota (Hills 1979) is encouraging in 
this respect. Second, the Sioux 
quartzite of southeastern South Da¬ 
kota and adjacent states is about the 
same age (1.5 to 1.8 b.y.), according to 
Lidiak (1971) and Salop (1977), as the 
Martin and Athabasca formations of 
Saskatchewan, beneath which several 
giant Athabasca-type deposits are 
found. 

Figure 9 shows the pre-Paleozoic ge¬ 
ology of South Dakota. Most of the 
state is covered by younger forma, 
tions. The contours, or isopleths, in 
Figure 9 show the thickness of the 
younger rocks; these isopleths, de¬ 
rived from a simple comparison of the 
data of Petsch (1954) and Steece 
(1961), probably are correct within 
about 15% of the amount shown. Li¬ 
diak (1971) used gravity and mag¬ 


netic surveys and samples from wells 
to define the broad buried units seen 
here. Modern data and techniques 
could greatly-improve the accuracy of 
the isopleths and the precision of the 
geology. Because the Sioux quartzite 
overlies the other rocks with which it 
is in contact, the cross-sectional re¬ 
lationships are similar to those shown 
for the Athabasca formation (Fig. 

5) and the Kombolgie formation (Fig. 

6) , except that the Sioux quartzite is 
overlain by the thickness of younger 
sedimentary rocks and sediments. Of 
course, ore deposits are not yet known 
to occur beneath the Sioux quartzite. 
Although the Sioux quartzite locally 
is more than 1,100 m thick (Ansfield, 
pers. comm.), the depth of the contact 
between the older rocks and Sioux 
quartzite is 400 m or less under much 
of the southeastern part of the state 
(see Fig. 9). 

To see through the cover formations 
will require highly detailed geo¬ 
chemical, geophysical, and geological 
maps of the basement rocks. Maps 
charting the thickness of the post- 
Proterozoic rocks in greater detail 
than is shown in Figure 9 would in¬ 
dicate where deposits might be shal¬ 
low enough to detect in South Dakota 
and elsewhere. Because the gold/ 
uranium mines in the Witwatersrand 
are more than 3 km deep and the 
Sunshine silver mine in Idaho is >2 
km deep, it is detection, not mining, 
that appears to be the limiting factor, 
One of the first techniques used by 
exploration companies in their in¬ 
vestigations in southeastern South 
Dakota in 1979 was the sampling of 
well waters for anomalous amounts of 
uranium and associated elements. 
The presence, extent, and thickness 
of gently dipping quartzite that might 
overlie Athabasca- or Jabiluka-type 
deposits should be detectable by 
modern seismic reflection profiling, 
In addition to logging existing and 
future oil and water Wells, explorers 
may need to drill “stratigraphic” 
holes in order to define more closely 
the geologically favorable areas. Be¬ 
cause drilling is so expensive, more 
detailed geophysical surveys and new 
geophysical techniques for detecting 
favorable rock types or deposits in the 
basement are needed. The resulting 
maps must then be evaluated by 
comparison with known pre-Paleo¬ 
zoic terranes and ore deposits. 

Several investigators over the past 
decade have discussed the inability of 


sandstone-type deposits to meet fu¬ 
ture demands and have recommend¬ 
ed a reorientation of exploration. For 
example, Armstrong (1974) and Ga- 
belman (1976) suggest exploration for 
low-tenor granitic rocks, and Deffeyes 
and MacGregor (1980) and Gabelman 
(1976) identify potential types of 
low-tenor deposits in sedimentary 
rocks other than sandstones, A better 
alternative seems to be exploration 
for giant, high-tenor deposits in pre- 
Paleozoic sedimentary and meta¬ 
sedimentary rocks. 

In similar circumstances, speaking of 
the urgent need to find new supplies 
of a dwindling resource, Levorsen 
(1936) noted that when hunting 
giants, one needs giant guns and the 
ability to reason geo-logically. The 
guns and geo-logic needed are con¬ 
cepts of pre-Paleozoic geology that 
have hitherto been underutilized in 
the United States, where our greatest 
mineral wealth has traditionally come 
from younger rocks. 
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“You won’t find any softer energy than this . We hook into the 
sap flowing through the trees.” 


Barry Singer OcClllt Bsliofs 

Victor A. Benassi 

Media distortions, social uncertainty, and 
deficiencies of human reasoning seem to be at the 
basis of occult beliefs 


Why is an understanding of occult 
beliefs scientifically and socially im¬ 
portant? One reason is their current 
prevalence in Western societies. Oc¬ 
cult beliefs have-increased dramati¬ 
cally in the United States during the 
last two decades (Freedland 1972; 
Godwin 1972), Far from being a 
“fad,” preoccupation with the occult 
now forms a pervasive part of our 
culture. Garden-variety occultisms 
such as astrology and ESP have 
swelled to historically unprecedented 
levels (Eliade 1976). Belief in ESP, for 
instance, is consistently found to be 
moderate or strong in 80-90% of our 
population (Gallup 1978; Polzella et 
al. 1975); in one survey it ranked as 
our most popular supernatural belief, 
edging out belief in God in strength 
and prevalence (Wuthnow 1978), 
Ouija boards overtook Monopoly as 
the nation’s best-selling board game 
in 1967. 

As indexed by audience tallies and 
book sales, more exotic occultisms 
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such as spoon bending, the Bermuda 
Triangle, biorhythms, psychic heal¬ 
ing, and hauntings have also in¬ 
creased dramatically in variety and: 
popularity since the early 1960s. Von 
Daniken’s book Chariots of the 
Gods?, a vivid account of ancient as¬ 
tronauts’ bestowing their technology 
and spermatozoa upon human beings, 
has become the best-selling book of 
modern times. Occult beliefs are sa¬ 
lient not only among the lay public, 
but also among college students, in¬ 
cluding those at some of our science- 
oriented campuses. The occult trend 
shows no signs of diminishing, 

The current high level and strength of 
occult beliefs, which at least implicitly 
constitute a challenge to the validity 
of science and to the authority of the 
scientific community, may be a cause 
for our concern, This growing trend is 
also intrinsically of scientific interest 
as a psychological and sociological 
phenomenon. The psychological 
mechanisms involved in occult beliefs 
may represent more dramatic forms 
of some mundane pathologies of rea¬ 
soning, To the extent that occult and 
mundane beliefs have similar deter¬ 
minants, the study of occult beliefs, 
which are at the outer limits of irra¬ 
tionality, may throw light on more 
ordinary reasoning pathologies. 

From a sociological point of view, the 
occult phenomenon is of interest as & 
possible index of fluctuations in reli¬ 
gious belief or social dislocation, 
Moreover, the study of occult beliefs 
may further our understanding of 
scientific belief systems as they are 
explicitly constructed to compensate 
for the cognitive shortcomings which 
characterize many occult beliefs. This 
article will address the question of the 
origins and mechanisms of the indi¬ 
vidual’s occult beliefs, a topic which 


psychological research is beginning to 
illuminate. We will also speculate 
about the social mechanisms that 
may have given rise to the recent 
widespread involvement with the 
occult. 

Let us make clear at the outset of this 
discussion that we do not assume the 
beliefs and practices termed “occult” 
or “paranormal” to be totally without 
validity. They seem rather to span a 
range from the objectively unsup- 
portable at present to the demon¬ 
strably absurd. Therefore, to the ex¬ 
tent that such beliefs are held widely 
and strongly, they are probably based 
on psychological and sociological 
rather than rational determinants. 

A variety of methodological cautions 
are appropriate in this inquiry. It is 
likely that differing occult beliefs 
have different determinants, Evi¬ 
dence suggests, for instance, that 
those occult beliefs which are insti¬ 
tutionalized and are organized around 
a social community of believers may 
serve functions similar to those of 
traditional religions, whereas other 
beliefs cluster with factors related to 
escapist entertainment, such as in¬ 
terest in fantasy and science fiction 
(Bainbridge 1978), Still others maybe 
personally insignificant beliefs ac¬ 
quired desultorily through media 
misinformation. Determinants may 
contribute differently at various lev¬ 
els of strength of a particular belief. 
Further, it has been shown for as¬ 
trology and spiritualism, for instance, 
that several disparate demographic 
populations tend to entertain these 
beliefs for differing reasons (Jahoda 
1969; Robbins et al. 1978). 

Research on occult beliefs has not 
reached the scope and precision nec¬ 
essary to address these complexities 
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in full. A complete account of the rise 
in occult beliefs will have to explain 
the concomitant rise of such beliefs in 
other industrialized nations for which 
data are available (Jahoda 1969), and 
probably should also account for re¬ 
cent social movements which appear 
correlated with the occult trend, such 
as the development of a youth coun¬ 
terculture and the recent spread of 
pentacostal and charismatic religions 
through a considerable portion of the 
world. Social science has provided a 
number of plausible explanations for 
these social trends, but little relevant 
data. However, we believe we can 
identify at present a number of causal 
or contributing factors involved in 
occult beliefs, keeping in mind the 
strictures discussed above. 

Media promotion of the 
occult 

It is not clear how great a role pro¬ 
motion by the popular media played 
in starting the occult inflation of the 
early 1960s. The present treatment of 
the occult by the media, however, 
may account for much of the near 
universality of belief. The public is 
chronically exposed to films, news¬ 
paper reports, “documentaries,” and 
books extolling occult or pseudosci¬ 
entific topics, with critical coverage 
: largely absent. Our most trusted and 
prestigious sources of information are 
no exception. When the layperson 
hears about New Zealand UFOs from 
Walter Cronkite or reads about new 
frontiers in psychic healing in a 
front-page article in the Los Angeles 
Times (1977), he lias prima facie 
reasons for believing such phenomena 
valid. Such uncritical coverage may 
be due in part to the inherent dif- 
ficulties of science reporting in a 
popular medium. However, media 
coverage of the occult may sometimes 
be deceptive and monetarily moti¬ 
vated. It is our impression that the 
public is not aware of the extent to 
which First Amendment privileges 
permit such practices. The public 
seems to trust the printed word im¬ 
plicitly, 

Research has consistently shown that 
people attribute most of their occult 
beliefs to the popular media and/or to 
personal experiences (Evans 1973). In 
a survey of several hundred college 
students, we were surprised to find 
that “scientific media” was also listed 
as a source of occult beliefs—more 
frequently than popular media, per¬ 


sonal experience, personal faith, or 
logical arguments. When the students 
were asked afterwards to list exam¬ 
ples of the scientific media in ques¬ 
tion, however, not one mentioned 
even a single genuinely scientific 
source. Instead, Reader’s Digest and 
the National Enquirer were occa¬ 
sionally cited as “scientific media,” as 
were such films as The Exorcist and 
Star Wars (i.e. “the Force”). Televi¬ 
sion “documentaries” were also fre¬ 
quently mentioned, with the docu¬ 
mentary “Chariots of the Gods?” 
being the single most frequently cited 
“scientific” source. Scientists have 
recently brought lawsuits against the 
television networks in protest of 
misleading occult documentaries, In 
response, the networks have claimed 
that their pro-occult coverage was 
formally billed as “entertainment” 
rather than as a “documentary,” and 
that the public can and does make 
this discrimination. Our evidence 
does not support these claims. 

Although scientists who wish to rebut 
paranormal claims are sometimes 
denied access to the media, it also 
seems to be true that scientists have 
not extended themselves to gain 
media access and to issue public re¬ 
buttals, Those few scientists who do 
visibly protest may thus be perceived 
as stodgy and prejudiced isolates who 
have not yet climbed on the band¬ 
wagon of scientific acceptance of the 
occult. In addition, scientists have 
generally not cared to monitor or 
rebut occult claims issuing from their 
own academic institutions, Uncritical 
courses on occult topics are fre¬ 
quently found in the extension divi¬ 
sion of even our most reputable uni¬ 
versities. In our experience the public 
invariably perceives the university as 
having then placed its stamp of ap¬ 
proval upon the occultism, perhaps as 
having an entire department devoted 
to the topic, and understands that the 
extension instructor is “on the fac¬ 
ulty.” 

The promotion of the occult by the 
popular media probably serves to 
heighten the general cognitive 
“availability” of the occult as an ex¬ 
planatory category in the culture. 
Puzzling events for which explana¬ 
tions might otherwise be conceived in 
terms of scientific phenomena or of 
fraud may tend to be explained as 
paranormal phenomena Wheh the 
media bring this category so obtrus¬ 
ively to our attention. 


Cognitive biases and 
heuristics 

With occult beliefs currently so 
prevalent as to constitute, perhaps, 
part of what it means to be human, we 
might be justified in speculating on 
the basic quirks inherent in human 
psychological structure that support 
such beliefs. Current research in an 
area of cognitive psychology termed 
“cognitive biases and heuristics” has 
revealed deficits in human inference 
so universal and so stubborn that they 
can plausibly account for many of our 
errant beliefs, including occult ones. 
This recent spate of research, focus¬ 
ing on human problem-solving and 
judgmental processes, has resulted in 
an unflattering portrait of intuitive 
human reasoning (Nisbett and Ross 
1980). 

Briefly stated, the findings are that 
when presented with an array of data 
or a sequence of events in which they 
are instructed to discover an under¬ 
lying order, subjects show strong 
tendencies to perceive order and 
causality in random arrays, to per¬ 
ceive a pattern or correlation which 
seems a priori intuitively correct even 
when the actual correlation in the 
data is counterintuitive, to jump to 
conclusions about the correct hy¬ 
pothesis, to seek and to use only pos¬ 
itive or confirmatory evidence, to 
construe evidence liberally as con¬ 
firmatory, to fail to generate or to 
assess alternative hypotheses, and, 
having thus managed to expose 
themselves only to confirmatory in¬ 
stances, to be fallaciously confidentof 
the validity of their judgments (Jah¬ 
oda 1969; Einhorn and Hogarth 
1978). In the analyzing of past events, 
these tendencies are exacerbated by 
selective memory and by failure to 
appreciate the pitfalls of post hoc 
analyses. 

As an illustration of these tendencies, 
Wason (1960) asked subjects to try to 
discover a rule he had in mind for 
generating series of three numbers, 
where an example of the rule was the 
series “2,4,6,” Subjects were to dis¬ 
cover the rule by generating their own 
three-number series and receiving 
feedback on whether or not each se¬ 
ries was an instance of the rule in 
question. The correct rule was ‘‘Any 
ascending sequence of whole num¬ 
bers.” Subjects typically generated 
sequences such as “8,10,12,14,16, 
18, etc.,” repeatedly, for the duration 
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of the experiment. They then ex- occur occasionally on the basis of the inherently unlikely statements about 
pressed the rule as, for instance, large number of opportunities for their personality, but found only a 
“Even numbers increasing by two,” dreams and external events to coin- slight reduction of belief in their ac- 
and, having been consistently con- cide by chance, we fail to appreciate curacy, 
firmed, were highly confident that intuitively the mathematics of rare 

this rule was the correct one. events. A rare event is seen as one In a series of experiments (Benassi 

that seldom occurs, regardless of the and Singer, in press; Benassi et al., in 
When a judgment involves data that number of opportunities for its oc- press) we arranged for an amateur 
are probabilistic or minimally com- currence. As a result of our natural magician to perform three psychic- 
plex, people behave as if they do not tendency to misunderstand the like stunts—blindfold reading, tele- 
possess the concept of probability, probabilities involved in a match of portation of ashes, and mental 
basing their estimates on a simple dreams and reality, the hypothesis of bending of a metal rod—in front of 
enumeration of positive instances clairvoyance is apt to be a more intu- six introductory psychology classes, 
rather than on the ratio of positive to itively compelling explanation for Under one condition, the instructors 
negative instances. In addition, they such an occurrence than the concept skeptically introduced the performer 
adopt simplifying judgmental heu- of chance, as an alleged psychic, and under the 

ristics which can easily result in mis- other as an amateur magician. Belief 

conceptions (Tversky and Kahneman As another example of cognitive bias, was assessed through written feed- 
1974). Thus, an instance is judged to an event that seems mysterious, or hack from the students to the per- 
be a number of a larger class on the difficult to explain through ordinary former. We expected to demonstrate 
basis of whether or not it seems intu- causes, will seem to us to “represent” a difference in occult belief depending 
itively to “represent” that class, a mysterious cause. When an aban- on the introductory descriptions, but 
rather than on the basis of the known doned ship is found floating intact off found instead that three-quarters of 
number of times the instance in fact the coast of Florida, causes such as ■ the subjects in both conditions be¬ 
falls either in or out of the class; or freakish weather, geysers, or sharks lieved strongly that the performer 
hypotheses are chosen simply on the are often dismissed because they was psychic; more than a few, in fact, 
basis of their “availability,” circum- seem too rare and therefore inher- displayed an agitated conviction that 
stances which have made them more ently unlikely. An explanation in the performer was an agent of 
vivid or salient. For instance, personal terms of some malevolent occult force Satan. 

experience is more potent in in- in the Bermuda Triangle, however, . 

fluencing judgments than is abstract seems intuitively to represent or “fit” We then added a third condition in 
data (Nisbett and Ross 1980). When the event better.. The represents which the instructors quite emphat- 
tested in experimental situations, tiveness heuristic thus fails entirely to ically repeated six different times that 
scientists and mathematicians as well consider the very large number of the performer was an amateur magi- 
as laypersons have displayed the opportunities for rare but natural cian and that the students would be 
above tendencies (Kahneman and causes to determine the event, seeing only tricks and not Psychic 
Tvercilrv 1 Q7q- Mahonev 1976). phenomena. A written check attested 

’ In the “illusion of control,” another that the students had heard and un- 

On the whole, then, our everyday in- common cognitive fallacy, a random derstood their instructors. This ma- 
tuitions do not seem to serve us well process such as rolling of dice is per- mpu ation succeeded m 
i n the understanding of probabilistic ceived as under personal control to occult belief, but only to the level 
«r c^"nfinoCviron- the extent that it see f to inoorpc where 50% of the cto beheved the 

ment. Under what circumstances will rate elements of skill. At Long Beach performer o epsy 

ssfatarstt ..- .*« 

through media or other influences practice sessions or active physical subjects we provided neutral written 
occulUdeas are highly available in the involvement in a dice-rolling task descriptions of the 
culture, and given that there is a 
tendency to trust intuitive rather 
than scientific judgments, Marks and 
Kammann (1979), Myers (1980), and 
Singer (in press) have shown how oc¬ 
cult beliefs can easily be acquired and 
supported through our cognitive 
biases and heuristics. For instance, 
due to our cognitive quirks it is pre¬ 
dictable that we will notice and be 
impressed by the coincidence of a 
dream and an external event, will 
overlook the disconfirming instances 
of failures to match our dreams with 
reality, and will have difficulty ap¬ 
preciating the concept of random 
occurrence as an explanation for the 
coincidences. Even when informed 
that such matches are predicted to 
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reported greater belief in their ability 
to produce psychokinesis than 
subjects who were instructed to “in¬ 
fluence” the dice but were not per¬ 
mitted such involvement. 

Experiments which have attempted 
to encourage disconfirmation of oc¬ 
cult or illusory beliefs by motivating 
subjects to think through their judg¬ 
ments more carefully or by providing 
blatant disconfirmatory input have 
uniformly revealed an astonishing 
resistance to change of such beliefs. 
Marks and Kammann (1979), in at¬ 
tempting to reduce the impression of 
validity of generalized personality 
descriptions, provided subjects with 
negatively toned, highly specific, and 


asked for an assessment or wnetner 
the performer was genuinely psychic. 
Again we found a majority of subjects 
judging that he was. We then asked 
whether magicians could also perform 
such stunts as described, and do so in • 
identical fashion, and found near'j'rj 
unanimous agreement that they 
could; when asked how many people^ 
who performed such stunts were,: 
likely to be fakes and magicians, in-; 
stead of genuine psychics, students 
agreed that the vast majority were 
likely to be tricksters and magicians. 
Finally, we asked students to re-es¬ 
timate the likelihood that the par¬ 
ticular performance described was in 
fact psychic, in light of the informa¬ 
tion they themselves had just gener- 


ated. Once again the performer was 
judged to be psychic. 

Such astonishing stubbornness of il¬ 
lusory and occult beliefs is typical 
rather than exceptional (Nisbett and 
Ross 1980). There may be several 
reasons for this intransigence, First, 
our intuitive reasoning errors may be 
like visual illusions. At some abstract 
level we may suspect that our per¬ 
ceptions are in error, but the error 
remains just as intuitively compelling. 
To the extent that we get “lost in the 
details” of a mental problem, as was 
probably the case with our subjects 
who watched or read about our magic 
act above, the problem becomes in¬ 
creasingly difficult to reason about 
abstractly. Second, to the extent that 
our cognitive structuring of our en¬ 
vironment is “theory-driven,” inter¬ 
preted through a personal hypothesis, 
we may be all but blind to any evi¬ 
dence discontinuing our theory. 

Finally, in the laboratory reasoning 
tasks described above, our subjects 
may not be strongly motivated to 
reason and behave at their rational 
best. If we had told them that they 
must reason accurately or be taken 
out and shot in the morning, they 
might have performed better. It may 
be that occult beliefs, both in the 
laboratory and in everyday life, sur¬ 
face mainly when they entail little 
personal cost to the believer. The 
following section discusses such mo¬ 
tivational factors in occult beliefs. 

Environment and 
motivation 

Studies in the laboratory and in 
naturalistic settings have indicated 
that, in general, superstitions (in¬ 
cluding occult beliefs) are likely to 
form under two conditions: environ¬ 
mental uncertainty' (roughly con¬ 
ceived as the product of the unpre¬ 
dictability and the magnitude of an 
event) and low “cost” of the super¬ 
stition (Jahoda 1969). The erroneous 
belief may thus alleviate feelings of 
helplessness and anxiety under un¬ 
controllable or unpredictable cir¬ 
cumstances, and in this sense may be 
functional. Superstitions seldom 
supplant or intrude upon rational, 
empirical approaches, where such 
approaches will serve. In his classic 
example, the anthropologist Mali¬ 
nowski (1954) described the Tro- 
briand islanders as showing no su¬ 
perstitious behavior when fishing in 


their lagoon, where the task was rou¬ 
tine and the returns relatively certain, 
but much superstitious behavior 
when fishing in the open sea, a more 
uncertain and dangerous enterprise. 

As a modern example, Gmelch (1978) 
has recently documented the plethora 
of superstitions surrounding batting 
(a highly uncertain activity) in base¬ 
ball, and the absence of superstitions 
in fielding, where skill and practice 
can virtually guarantee success. 
Similarly, Malinowski noted super¬ 
stitious ritual in the launching of 
South Sea canoes and the impressive 
development of the science of navi¬ 
gating them. The islanders had done 
all they could empirically and ra¬ 
tionally in developing their sailing 
practices, and the added superstitious 
behavior “cost” little and probably 
allayed their anxiety. Malinowski has 
pointed out furthermore that the su¬ 
pernatural and the empirical were 
typically emphatically compart¬ 
mentalized from each other: “The 
body of rational knowledge and the 
body of magical lore are incorporated 
each in a different tradition, in a dif¬ 
ferent social setting, and in a different 
type of activity” (pp, 86-87). This 
deliberate distinguishing of the non- 
rational may serve to validate, 
through contrast, the general validity 
of rational approaches. 

In inspecting modern occultisms, we 
find that most offer an alleged ability 
to increase predictability and control, 
especially under uncertain circum¬ 
stances. Thus, Tarot cards, clair¬ 
voyance, or astrology allow us to 
“know” the future; biorhythms and 
psychic healing allow us to regulate 
our often capricious bodies and 
health. It is further clear that occul¬ 
tisms in this category “cost” little and 
do not make many demands on our 
lives. Despite their often fervidly 
avowed beliefs in psychic healing, the 
clients of a psychic surgeon do not go 
to the “healer” as their first choice, 
but usually after all else has failed; 
nor do law enforcement agencies seek 
the aid of psychics before they have 
attempted traditional police 
methods. 

Moreover, as with superstitions in 
South Seas cultures, the occultisms 
are compartmentalized. On the per¬ 
sonal level, people seem easily able to 
be less than rational in their occult 
beliefs while being hard-headed 
where rational approaches are stra¬ 


tegic. We are willing to use astrology 
in determining our partners for social 
dating, because nothing else seems to 
work well, but would not contemplate 
trusting to the stars if we were making 
legal and financial arrangements with 
these same partners. On the societal 
level, and particularly in America, 
limited and scaled involvement with 
the occult may be achieved through 
commercialization—packaging of the 
occult as a commodity in graduated 
quantities. Thus, many occult beliefs 
seem to be instances of superstitious 
or magical thought patterns. Cogni¬ 
tive heuristics and biases may serve as 
a mental substructure which leads to 
and rationalizes the maintenance of 
such beliefs, while the circumstances 
under which they are maintained may 
be defined by how dearly they cost 
us. 

An explanation in terms of environ¬ 
mental determinants for the rise in 
occult beliefs since the early 1960s 
must show that, like other supersti¬ 
tions, occult beliefs increase as a 
function of environmental uncer¬ 
tainty, and' that uncertainty has in 
fact increased in the last two decades. 
To begin with, we do have evidence 
that many occult beliefs are a func¬ 
tion of shifting levels of environ¬ 
mental uncertainty. For example, 
Hyman and Vogt (1979) have shown 
that the practice of water dowsing was 
more prevalent in locations where 
finding water was difficult, and Sales 
(1973) has found that astrology be¬ 
liefs increased in the United States 
during the years of the Depression. 
Lamar Keene (1976, pp. 70-71), who 
was once a famous and fraudulent 
medium, writes: “All mediums would 
agree.... Wars, depressions, personal 
and national disasters spell prosperity 
for us. The present economic stresses 
in the United States are good news for 
mediums.” 

There is also evidence that environ¬ 
mental uncertainty in the United 
States and other Western countries 
has increased markedly since the 
early 1960s. 

Constructing a working definition of 
variables such as “environmental 
uncertainty” at the level of a society 
is a decidedly complex and ambigu¬ 
ous task. Like the subjects in our ex¬ 
periments, we can find confirming 
evidence through post hoc analyses, j 
depending on how assiduously we | 
search for it and on the liberality of 
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our interpretations. It is clear, how¬ 
ever, that social change, which may 

have resulted from or given rise to 
feelings of uncertainty, has been 
marked since 1960. The past two 
decades have seen a decline of mem¬ 
bership in the traditional religions in 
the United States and Europe, 

. though not a decline in private reli- 

I gious belief; increased membership in 

fundamentalist, charismatic, and 
pentacostal religions; a proliferation 
of cults, paganism, and Eastern reli¬ 
gions; a 29% rise in belief in the Devil; 
the development of a youth counter¬ 
culture; disruption of traditional 
patterns in marriage and the family; 
a feminist movement; an alternative 
lifestyles movement and change in 
sexual ethics; the development of a 
drug culture; and the rise of a “human 
potential movement” (dock and 
Bellah 1976; Wuthnow 1976). 

These social trends overlap with the 
occult belief trend not only in time, 
but also in structural characteristics 
and in populations (Gallup 1976; 
Greeley 1975; Jahoda 1969; Johnson 
1979; Wuthnow 1978). The evidence 
thus suggests that social trends may 
have caused, or may share causes 
with, the rise in occult beliefs. A long 
and unpopular war, political assassi¬ 
nations, and other events of the tur¬ 
bulent 1960s may have contributed to 
such trends. Other plausible deter¬ 
minants of these social changes in¬ 
clude the recent increase in the youth 
population cohort, a long-term eco¬ 
nomic decline dating from 1965, and 
a devaluing of conventional meaning 
systems through the rising influence 
of social science. Thus, the prima 
facie case for an increase in environ¬ 
mental uncertainty since the early 
1960s, while only partially substan¬ 
tiated in concrete detail, is a strong 
one. 

Beit-Hallahmi (unpubl.) has pointed 
out that occultisms are not the only 
form of magical belief that has re¬ 
cently increased. The National En¬ 
quirer, which has become one of the 
best-selling newspapers in the United 
States, features article not only on 
UFOs and ESP, but also on various 
miracle discoveries in health, dieting,. 
cure of disease, and getting rich 
quickly. Whether such ideas are la¬ 
belled “occult” is somewhat arbitrary, 
but they have similar superstitious 
qualities. 

We have so far neglected to consider 


a category of occult beliefs that do 
make demands on believers’ lives and 
extract heavy costs of belief. Occul¬ 
tisms such as Scientology, Theoso¬ 
phy, Satanism, and UFO cults re¬ 
semble religions rather than ordinary 
superstitions, and there is evidence 
that they serve needs usually associ¬ 
ated with religions, such as affiliation, 
moral direction, and an occasion for 
profound emotion (Bainbridge and 
Stark 1980). Such belief systems often 
demand total commitment, monetary 
and otherwise, from their members. 

An explanation for the recent prolif¬ 
eration of such cults is then best 
couched in terms of developments in 
American religious practices. Stark 
and Bainbridge, at the University of 
Washington, have provided such an 
explanation, along with compelling 
documentation. A marked decline in 
membership in traditional religions 
over the past two decades has coin¬ 
cided with their theological retreat 
toward a more abstract, less personal 
deity, and with an orientation of these 
religions toward civil rights and other 
secular concerns, with consequently 
less investment in individual parish¬ 
ioners’ needs (Bainbridge and Stark 
1980; Stark and Bainbridge, in press; 
Glock and Bellah 1976). However, 
private belief in and need for the su¬ 
pernatural has not declined, and thus 
we infer that there has been a large 
population pool available for con¬ 
version to new, unorthodox religions, 
including those of the occult variety. 
In support of this interpretation, 
Bainbridge and Stark (1980) have 
found a negative correlation between 
membership in organized occult 
groups or reports of mystic psychic 
experiences, and membership in tra¬ 
ditional religions. 

In general, we do not adopt supersti¬ 
tions or fall prey to cognitive biases in 
areas where empirical approaches 
bear fruit and where illusory beliefs 
would be costly, As Sagan (1979, p. 
93) observes, “A people going to war 
may sing over their spears in order to 
make them more effective. If there 
ever have been people who felt they 
could defeat an enemy in war merely 
by singing and who therefore dis¬ 
pensed with spears, we have not 
heard of them; they were, undoubt¬ 
edly, all dispatched.” 

In areas where judgments under un¬ 
certainty are important, we self-con¬ 
sciously avoid biases and fallacies. 


Thus, we have institutionalized ele¬ 
ments of the scientific method, in¬ 
cluding meticulous weighing of al¬ 
ternative hypotheses, into police 
work, criminal law, and medical di¬ 
agnosis. Under conditions of uncer¬ 
tainty, and where the cost of illusory 
belief is low, however, superstitions 
will surface and will be maintained 
through the aid of our somewhat 
faulty cognitive apparatus. In the last 
two decades it has become socially 
permissible to entertain occult beliefs 
as well as many other deviant beliefs 
and values, and conventional mean¬ 
ing systems and social orders have 
changed rapidly, perhaps generating 
widespread feelings of uncertainty 
and occult beliefs in the process. In 
addition, occultisms in the form of 
religious cults have moved into the 
void created by the recent decline of 
traditional religions. 

Deficiencies in science 
education 

There remains the question of how 
people maintain occult beliefs in the 
face of contravening scientific opin¬ 
ion. Granted that the popular media 
present a distorted picture, and that 
dependence upon our intuitive cog¬ 
nitions can also result in occultisms. 
The public nevertheless does seem to 
recognize that science emphatically 
rejects most occultisms. The layper¬ 
son usually accepts scientific opinion 
unquestioningly, even when it is 
strikingly counter to his own intuitive 
understandings, as in the case of the 
atomic structure of matter or the as¬ 
tronomy of the solar system. Why are 
occult beliefs an exception to this 
customary deference to scientific 
authority? , 

One general explanation rests on the 
observation that people seem adept at 
compartmentalizing incongruent 
beliefs. We can comfortably live with 
disparate scientific, religious, and 
common-sense approaches to differ¬ 
ent beliefs, and employ the belief 
approach most suitable to the per¬ 
sonal need at hand. Personal needs 
which support occult beliefs may in¬ 
clude, for instance, a need to assert 
the validity of one’s own common- 
sense judgment vis-a-vis scientific 
“authority,” needs for feelings of 
control and predictability, and a need 
for affiliation with a religious com¬ 
munity. If the need to maintain an 
irrational belief outweighs any cost 
associated with maintaining it, the 





fact that the belief is not rational or 
scientifically supportable does not 
usually enter the equation. If cogni¬ 
tive dissonance does occur in main¬ 
taining an occult belief in spite of 
scientific debunking, any number of 
simple rationalizations, such as 
“Scientists are prejudiced about 
paranormal phenomena,” will serve 
to reduce the cognitive tension. It is 
thus not really inexplicable that 
widespread occult beliefs exist within 
our most scientifically advanced so¬ 
cieties. 

Nevertheless it is our impression that 
the occult trend cannot be attributed 
wholly to innate cognitive flaws and 
emotional needs, but that current 
practices in the field of science edu¬ 
cation itself facilitate the rationaliz¬ 
ing and compartmentalizing of occult 
beliefs. We have examined three 
major aspects of this problem. 

First, from elementary school through 
graduate training, science seldom 
seems to be taught as a cognitive tool,. 
a way of reaching deeper under¬ 
standing of our environment. It is 
taught instead as a set of facts and 
concepts to be acquired by the same 
rote methods used in other academic 
subjects (Godfrey 1979), Even at 
graduate schools, research method¬ 
ology appears to be taught as a set of 
advanced laboratory techniques, 
specific to the subject matter at hand. 
From elementary school onward the 
student does not seem to learn about 
the validity of scientific approaches 
vis-a-vis his intuitive understandings, 
but is simply heavily socialized to 
accept certain counterintuitive 
facts—the earth is round and rotates, 
matter is structured atomically—as 
items of culturally given common 
sense. Science is taught in the context 
of a specific, often technical subject 
matter, such as chemistry or botany; 
religious claims, occult claims, ev¬ 
eryday problems are seldom exam¬ 
ined in the science classroom. The 
student is thus encouraged to com¬ 
partmentalize science as a set of facts 
or at best a dry, technical methodol- 


elementary knowledge may be largely 
lacking. Morison (1969) has ques¬ 
tioned whether science has in fact had 
any effect in raising the cognitive so¬ 
phistication of the lay public above 
prehistoric levels, and suggested as 
one test asking people whether all 
objects fall at the same rate. We have 
tested hundreds of college sopho¬ 
mores over the past several years 
(Singer, in press) with the problem of 
estimating the duration of flight of a 
4-lb and a 2-lb lead weight dropped 
simultaneously from the same 16-ft 
height. Over half the students gave 
different estimates for the flight du¬ 
rations of the two weights. Fifteen 
percent gave estimates in the range of 
4-50 seconds, perhaps envisioning 
them floating down like paper air¬ 
planes. On the same test we found 
that over half the students did not 
know that water in a tipped glass re¬ 
mains level, and many believed that 
islands float in the ocean and that the 
moon remains fixed in the sky over 
them, but is only visible at night. This 
is not a useful armamentarium for 
evaluating occult claims. 

Third, many students have the im¬ 
pression that science is entirely sub¬ 
jective and unable to assess or predict 
the validity of ideas, apparently on 
the basis of limited exposure to phi¬ 
losophers such as Polanyi, Hansen, 
and Kuhn. In presenting perspectives 
on science in our classrooms, we have 
perhaps overdone the critical view of 
the validity of our knowledge. In a 
series of paradoxical confusions, 
students attribute more empirical 
validity to philosophy than to science 
itself, and the fact that science 
“changes its mind” is regarded as a 
totally discrediting weakness. We do 
not read these philosophers as sub¬ 
scribing to the total subjectivity of 
science, and we do not believe they 
would subscribe to such a position. It 
would seem a service to speak more 
plainly and more assertively about 
science’s track record. 

One benefit of studying the mecha¬ 
nisms of occult beliefs is that we can 


attempts disconfirmation of favored 
hypotheses, uses mathematically 
calculated probabilities, and con¬ 
scientiously engages in self-exami¬ 
nation to determine whether values 
and motives are influencing beliefs. 
The question then arises whether the 
compensatory mechanisms of science 
are as comprehensive and effective as 
is feasible. Although the scientific 
enterprise is obviously successful, we 
have evidence that its compensatory 
mechanisms are not complete. 

Einhorn and Hogarth (1978), Maho¬ 
ney (1976), and Kahneman and 
Tversky (1973) have all found con¬ 
firmatory cognitive biases, at a level 
approaching that of a layperson’s, in 
scientists and mathematicians who 
were administered simple conceptual 
problems. Recent work in the psy¬ 
chology of science, particularly that 
of Mahoney (1976) and Mitroff 
(1974), has demonstrated the opera¬ 
tion of confirmatory bias in actual 
scientific processes. In our own dis¬ 
cipline, psychology, we have seen 
numerous cases of scientists operat¬ 
ing in ways which seem intuitively 
correct to them on the basis of their 
personal experience, though objec¬ 
tively contraindicated. For example, 
scientifically trained clinicians con¬ 
tinue to rely on personal interviews 
and clinical judgment in prediction 
and diagnosis of mental illness, de¬ 
spite twenty years of consistent evi¬ 
dence that simple actuarial tech¬ 
niques are more predictive (Dawes 
1979). 

Some scientists develop occult beliefs, 
Surveys have indicated, for example, 
that over half the natural and social 
scientists in the United States believe 
ESP to be established or likely {Psy¬ 
chology Today 1978; Wagner and 
Monnet 1979) and are either unaware 
of the small fraction of research psy¬ 
chologists who hold such a view, or 
convinced that their own intuitive 
understandings are somehow more 
correct than the scientific ones in this 
case. In addition, now as throughout 
the history of science there is a 


ogy within a limited number of nar¬ 
row domains, and to trust his intu¬ 
itions in the larger spheres remaining. 
The occult is then naturally viewed as 
outside the domain of science, to be 
apprehended intuitively instead. 

Second, many occult claims could be 
countered with even an elementary 
knowledge of scientific facts, but even 


thereby highlight the characteristics. 
of science, considered as a belief 
process. That is, we can look at 
science as a cognitive system delib¬ 
erately constructed to avoid or com¬ 
pensate for the mechanisms involved 
ip occblt beliefs. For instance, we can 
say that science in theory trusts data 
and distrusts intuition, generates al¬ 
ternative hypotheses, systematically 

l.. mi % 


sprinkling of scientists, including 
eminent ones, who have been duped 
by the fraudulent practices of “pay- 
chics.” 

The evidence just presented raises the 
question of the locus of the norms of 
science and the mechanisms by which 
they are maintained. It is quite pos¬ 
sible, for instance, that scientific rules 


of belief formation operate primarily 
at a system level. Such rules may af¬ 
fect scientists’ cognitive behavior or 
public statements under particular 
contingencies as enforced by the sci¬ 
entific community, but this public 
attitude may not be completely in¬ 
ternalized by the scientist as an in¬ 
dividual. There may be tensions be¬ 
tween the beliefs uttered by the sci¬ 
entist as a professional person oper¬ 
ating within a professional commu¬ 
nity and those entertained by him as 
a private person who is still humanly 
prone to the flaws of intuition. Such 
tensions may substantively affect the 
conduct of science or the formation of 
scientific belief. 

How should the scientific community 
respond to the upsurge of popular 
interest in the occult? The interest in 


including, perhaps, introductory 
textbooks; examining policies relating 
to occult courses and concepts that 
appear in the name of a university, 
and relating to the selection of books 
and films for public school reading 
and science classes; and reorienting 
science education so that science be¬ 
comes more personal, more life-ori¬ 
ented, and more easily apprehended 
as a highly useful mode of inquiry. 
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The Cowbird: Reflections on 
Development from an Unlikely 
Source 

Learning plays a critical role throughout the life of 
this brood parasite, interacting with genetic factors 
to influence song and identification of species and 
mate 


Avian brood parasites have fascinated 
students of animal behavior since the 
time of Aristotle (1). Because they do 
not rear their own young, they rep¬ 
resent exceptions to the traditional 
pattern of vertebrate parental be¬ 
havior. The cowbird, Molothrus ater 
(Fig. 1), is a particularly intriguing 
example because it parasitizes so 
many different species. Its behavior 
raises many questions, such as how 
the parasitic habit evolved, how the 


how young cowbirds elicit care from 
so many different hosts, and how 
cowbirds identify one another given 
their atypical upbringing (2). 

The cowbird’s “exceptional” status as 
brood parasite has led to certain as¬ 
sumptions about the role of species- 
typical stimulation in its develop¬ 
ment. It has often been proposed, for 
example, that cowbirds may lack 
sensitivity to certain forms of early 
experience, thus reducing the risk of 
incorrect mate identification (3). The 
potential for incorrect identification 
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seems substantial, given the fact that 
cowbird young are raised by over 100 
different species and 200 different 
subspecies {4), A “closed” system of 
species recognition—that is, a ge¬ 
netically determined system in which 
environmental influences play a 
minimal role—has in fact been de¬ 
scribed or assumed on many occa¬ 
sions, perhaps most clearly by Mayr 
(5): 


cowbird. Yet two or three weeks after it 
has left the nest, having been fed by the 
song sparrow during the entire time, the 
young cowbird suddenly leaves the song 
sparrows and goes off in search of other 
cowbirds. It joins one of their flocks, stays 
with them throughout the fall and winter 
and finally, in spring, mates with another 
cowbird. Here we have what I call an en¬ 
tirely closed genetic program. As far as 
mate selection is concerned, at least as far 
as the nature of the species of the mate is 
concerned, there is no input through ex¬ 
perience [pp. 11-12]. 

A similar assumption has been made 
by Lehrman, who cites the cowbird as 
an example of a species in which 
mating preferences are not affected 
by learning, and by Wallace (6), who 
states that “there may be great ad¬ 
vantages to closed genetic programs 
especially for species that do not tend 
to learn much or do not tend to learn 
certain things” (p. 79), 

What features of the cowbird’s be¬ 
havior might qualify as part of a 
closed system of species recognition? 
Clearly, communicative behaviors 
would be of primary significance. As 
Mayr (7) comments: “Since much of 
the behavior directed toward other 
conspecific individuals consists of 
formal signals and of appropriate re¬ 


sponses to such signals, and since 
there is much selective premium for 
these signals to be unmistakable, the 
essential components of the pheno¬ 
type of such signals must show low 
variability and must be largely con¬ 
trolled genetically” (p. 657). 

A likely candidate for such an iden¬ 
tifying signal in cowbirds is the male’s 
song, which occurs in the context of 
mating as well as during other in¬ 
traspecific interactions. Certainly, 
visual displays such as the cowbird’s 
preening solicitation or the spread 
posture that accompanies song (8) 
could also function as mechanisms of 
species identification, but because of 
its clear relationship to mating, song 
might be of crucial importance. On 
the basis of the preceding description 
of a closed developmental system one 
might also expect that cowbird com¬ 
munication would develop normally 
without species-typical stimulation: 
females without previous contact 
with their own species would recog¬ 
nize males by their song and males 
would sing recognizable cowbird song 
without the need for adult models. 

We now know that these expectations 


Figure 1. Like most icterids, the brown-bended 
cowbird, Molothrus ater, is sexually dimorphic 
in both plumage and size, the male (right ) more 
distinctly marked and slightly larger than the 
female (left), The female’s dull coloration and 
stealthy behavior help to conceal her from po¬ 
tential hosts while she searches for nests, The 
Latin species name means “black vagabond,’’ 
undoubtedly referring to the cowbird’s par¬ 
asitic habit. The English name derives from the 
common association of cowbird flocks with 
herds of cattle, primarily for insects and grain. 
(Drawing by J. Fenwick Lansdowne, by per¬ 
mission of M. T. Feheley Arts Company Lim¬ 
ited.) 


female executes the exchange of eggs, When a female cowbird lays her eggs into 
the nest of a song sparrow and the song 
sparrow parents raise the young cowbird, 
the young cowbird has never seen another 
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Figure 2. The copulatory posture of the female spread—offers an easily recorded response by 
cowbird—neck and back arched, wings low- which the relative effectiveness of male song 
ered, feathers around the cloacal region can be measured. (Photo by A. P. King.) 


species and did not respond equally 
often to all cowbird songs. There was, 
however, substantial consistency 
across females in the songs that did or 
did not evoke copulatory responses. 
Quantitative estimates of the relative 
effectiveness of different males’ songs 
were thus possible (10). In summary, 
the female’s response offered the op¬ 
portunity to make an empirical 
bioassay of cowbird song. 

The isolate song effect 

By studying this response we have 
learned a great deal about song 
function. Perhaps the most striking 
finding is that the songs of male 
cowbirds reared in isolation from 
male conspecifics are twice as effec¬ 
tive in releasing the copulatory re¬ 
sponse as are the songs of normally 
reared males. This preference for 
isolate song also held true for wild- 
caught females: even though they had 
interacted with and presumably 
mated with normal males, they con¬ 
sistently responded more often to the 
songs of isolate males in the labora¬ 
tory (10). 


are essentially correct: naive females 
do respond appropriately to male 
song and naive males produce effec¬ 
tive songs (0). We established these 
facts by rearing male and female 
cowbirds in isolation from two days 
after hatching until their first 
breeding season. At that time, the 
songs of isolated and normally reared 
males were played back to the isolat¬ 
ed females. The females readily 
adopted copulatory postures in re¬ 
sponse to cowbird song but not to the 
songs of other species. This effect has 
been replicated with many individu¬ 
als and two cowbird subspecies 
(101 

The first experiment not only indi¬ 
cated that female cowbirds could 
identify males by their song without 
experience, it also demonstrated that 
female cowbirds, unlike many female 
song birds, possess an easily perceived 
response to male song (Fig. 2). Several 
features of the copulatory response 
make it especially suited to studies of 
song function. First, it is a rapid and 
unambiguous reflex: upon hearing a 
given song, the female either imme¬ 
diately adopted the full posture (i.e. 


arched her neck and back, lowered 
her wings, and spread the feathers 
around the cloacal region) or, con¬ 
versely, continued whatever behavior 
she had been engaged in before the 
song began, with no apparent change. 
The response often began before the 
song ended and frequently lasted for 
up to seven seconds after a song’s 
termination. Thus, recording the re¬ 
sponse was a simple matter and the 
result highly reliable. 

Second, by maintaining females apart 
from males and hence lowering their 
threshold for song, the response could 
be elicited for up to six weeks, i.e. for 
the length of the female’s reproduc¬ 
tive period as indicated by egg-laying. 
It was therefore possible to test the 
female’s response to a number of 
different songs over an extended pe¬ 
riod of time. Third, wild-caught and 
sexually experienced females also 
showed the response, thereby con¬ 
firming its generality and allowing us 
to include in the tests females who 
had had experience with song in more 
natural contexts. Fourth, the re¬ 
sponse was selective: the females did 
not respond to the songs of other 


Although this finding is certainly not 
irreconcilable with the mechanism of 
innate recognition described earlier, 
it does suggest that the structure of 
cowbird song is susceptible to envi¬ 
ronmental modification and that fe¬ 
male cowbirds perceive such changes, 
Most puzzling, of course, is the fact 
that isolate song is better than normal 
song in releasing the female’s re¬ 
sponse. 

For many who read of our findings, 
and even for ourselves, the question 
kept arising: Why would isolate song 
be more effective? Some of the com¬ 
ments we received reflected this 
paradox: “anomalous, not worth 
pursuing,” cautioned a developmen¬ 
tal psychobiologist; “I don’t under¬ 
stand it, it violates Darwinian prin¬ 
ciples,” complained an evolutionary 
biologist; “intriguing but puzzling,” 
communicated an ethologist. What 
everyone seemed to be saying was 
that it might make developmental or 
evolutionary sense if isolate song were 
equivalent to normal song in effec¬ 
tiveness, and it would certainly have 
been all right if it had been less po¬ 
tent, but isolation should not produce 
a more effective song! The finding did 
not seem to fit existing schemata of 
song development, nor did it mesh 
with the assumptions underlying de¬ 


privation and enrichment paradigms.. 
Perhaps it could be explained if it 
could be shown that cowbirds make 
use of this mechanism in nature by 
being solitary or nomadic. Unfortu¬ 
nately, all the available field data 
confirm that cowbirds live in large 
flocks during the winter and spring, 

| the presumed period of song learning 
(11). What, then, did the finding sig¬ 
nify? 

Our goal here is to explain this “iso¬ 
late song effect.” We hope to show 
that (1) although the finding was 
anomalous, pursuit of its explanation 
has led to discoveries about the inte¬ 
gral role of learning and early expe¬ 
rience in the development of cowbird 
song; (2) not only do these data not 
violate ideas of Darwinian selection, 
they confirm them; (3) the apparently 
puzzling nature of this effect may 
stem more from our biases about 
isolation and the role of learning than 
from the curious developmental cir¬ 
cumstances of the cowbird. 
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Figure 3. In these six examples of' song from the 
Southern subspecies, Molothrus a. obscurus, 
the three songs at the left were recorded from 
normally reared captive males, the three at the 
right from males reared in isolation from 150 
days of age. Note the greater amplitude of the 
inter-phrase unit (IPU, marked by arrow ) 
relative to the first phrase (Pi) in the songs of 
the three isolate males. Songs of the Eastern 
subspecies, Molothrus a, ater, show the same 
contrast in IPU amplitude between normally 
reared and isolate males (ID). Other features 
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50 msec 

of the distinctive cowbird song are the mid¬ 
song element (MSE), found only in the Molo~ 
thrus a. obscurus song, and the final phrase 
(P2), (No MSE is present in the song at the 
lower left.) All songs were recorded during the 
breeding season. The displays, made on a 
zero-crossings analyzer, are taken from a pho¬ 
tograph of the face of a dual-beam oscilloscope. 
The upper beam shows amplitude variation, 
the lower indicates inter-zero-crossings times, 
i.e. instantaneous frequencies (26). 


Our investigation of isolate song in¬ 
cluded three lines of research. The 
first, consisted of analyses of the 
acoustic structures of normal and 
isolate song. The second involved 
bioassays of the relative effectiveness 
of songs of males reared in different 
degrees of social and sensory depri¬ 
vation. The third focused on the re¬ 
lationship between the effectiveness 
of a male’s song as measured by the 
female bioassay and the male’s mat¬ 
ing success. In all three inquiries, the 
aim was to understand why isolate 
song would be more effective and, 
more importantly, what acoustic, 
developmental, and social mecha¬ 
nisms contributed to this effective- 


Cowbiid acoustics 

Greenewalt has identified several 
characteristics that distinguish nor¬ 
mal cowbird song from the songs of 
other birds he has studied (12). 
Among the features that impressed 
him were the following; (1) the fre¬ 
quency range and maximum fre¬ 
quency of the song were the greatest 
of any species studied; (2). the fre¬ 
quency spread of the two voices—two 
full octaves—was exceeded in only 
one other species; (3) the modulating 
frequency in parts of the song was 
substantially higher than in any other 
species; and (4) the second phrase 
began with one of the shortest notes 


(about 2 msec) and contained one of 
the most rapid glissandos he had en¬ 
countered. 

Knowledge of these features guided 
our initial exploration of the func¬ 
tional basis of the enhanced potency 
of isolate song. In particular, we fo¬ 
cused our attention upon the “inter¬ 
phrase unit” (IPU), which is defined 
as the first high-frequency note fol¬ 
lowing the low-frequency tone bursts 
of the first phrase (Fig. 3). We chose 
it because, on the average, isolate 
songs consistently exhibited greater 
amplitude in the IPU relative to the 
rest of the song than did normal song, 
although isolate and normal song 
differed in several other respects as 
well (10), By playing, back experi¬ 
mentally altered songs to captive fe¬ 
males, we determined that songs 
containing an IPU were twice as ef¬ 
fective in releasing the copulatory 
response as were songs lacking it. 
Furthermore, the absence of an IPU 
produced a greater response decre¬ 
ment than did deletion of the entire 
first or second phrase, although these 
two phrases are substantially longer 
and superficially more complex. 


By manipulating amplitude rela¬ 
tionships, we also learned that the 
amplitude of the IPU relative to the 
rest of the song was important: fe¬ 
males responded most often to songs 
in which the relative amplitude of the 
IPU was equal to the peak amplitude 
of the song. Not only could the rate of 
response be lowered by decreasing the 
relative amplitude, it could also be 
raised by increasing it. These data 
thus suggested, albeit inconclusively, 
that the enhanced effectiveness of 
isolate over normal song rested 
heavily on acoustic differences in the 
IPU of isolate song. 

Further investigations confirm this 
but suggest that other features are 
also important, and that male cow¬ 
birds manipulate several features to 
modulate the potency of their song. 
As we study more individuals and 
more songs from each bird, we have 
become increasingly impressed by 
individual variation in song. For this 
reason, we have devoted most of our 
empirical attention to studies of song 
development and function. Our in¬ 
terest was also diverted because we 
knew that even if we could pinpoint 





the acoustic reason for the isolate 
song effect (which we cannot as yet), 
we still would not know why it oc¬ 
curred. 

Social and sensory 
factors 

When male cowbirds are reared in 
isolation, what are they deprived of? 
Among the most obvious deficits are 
social and sensory experiences: isolate 
males cannot interact with or hear 
conspecific companions. To separate 
these effects, we designed an experi¬ 
ment which would allow us to analyze 
the role of social and sensory stimu¬ 
lation in cowbird potency. We main¬ 


tained a total of 24 male cowbirds, 
juvenile and adult, in four different 
conditions of social, auditory, and 
visual deprivation from October to 
June (Table 1). Males in condition 1 
were maintained in auditory and vi¬ 
sual isolation, males in condition 2 in 
visual isolation, and males in condi¬ 
tion 3 in social isolation; males in 
condition 4 were housed as a group, 
experiencing no isolation. 

We chose to include adults for two 
reasons: first, to test the flexibility of 
song learning in the wild-caught 
adult, and second, to test the revers¬ 
ibility of early species-typical or aty¬ 
pical experiences by manipulating the 


Table 1. The effects of different types of social and sensory deprivation on song po¬ 
tency 

Mean % and 
range of 
copulatory 

Deprivation responses to 

condition Description of condition resulting songs* 

1, Auditory and visual Individually housed, each with 3 females. Six 60% 
Isolation from male condition-1 males were housed in sound- (31-89%) 

conspeclfics (N = 7). attenuation chambers, 1, a seventh In a 

flight cage (1 X 1.5 X 0.5 m) with a male 
starling (Stums vulgaris). 


2, Visual Isolation from Housed in adjacent identical flight cages (1.8 55% 

male conspeclfics (N = X 1.8 X 2,4 m), with visual access to (27-96 %) 

4), other cages blocked. 1 Could hear 

conditlon-4 males. 

3, Social Isolation from Housed as in condition 2, but each could see 23% 

male conspeclfics (N - into a group cage containing 3 males and (0-56%) 

3). 3 females, 

4, No Isolation; group Seven males and 3 females were housed In 28% 

maintenance (N- 10), an Indoor-outdoor aviary In which the (0-79%) 


Indoor section measured 4.8 X 9.6 X 10,5 
m, the outdoor section 3 X 10,5 X 14.4 
m. The remaining 3 males were housed In 
a single flight cage with 3 females. 

* The songs were played back to 11 wild-caught experimentally naive females housed In sound- 
attenuation chambers, Numbers represent the mean percentage of alf the females' responses to 
the males In each condition, There was an average of 100 playbacks to each condition, Differences 
among the conditions were tested by a Friedman one-way analysis variance yielding a reliable effect, 
X r 2 - 40.1, p < ,001. Differences were also tested by the Wllcoxon signed ranks test for matched 
pairs with the following comparisons yielding significant differences: condition 1 vs, conditions 
3 and 4; condition 2 vs, conditions 3 and 4, 

1 The sound-attenuation chambers consisted of two concentric boxes constructed of plywood and 
sheetrock with wood and acoustic baffles between the two boxes, Suppression was greater than 
39 db at 1 kHz and Increased with the higher frequencies to greater than 50 db between 8 and 16 
kHz. The Interior box was a 1.1 m cube, fabric-lined, lighted by two Vlta-llte tubes, and continuously 
ventilated. 


1 The cages were all located In the same room, but black plastic covered the adjacent cage walls 
so that the birds could hear other males and females but could not see them. 



laboratory environment of birds 
whose developmental histories were 
known. Thus, we altered the envi¬ 
ronments of several isolate males by 
housing them for the first time with 
male companions, and we isolated 
several other adults who until that 
point had always lived with male 
cowbirds. To test all these effects, we 
used the bioassay described earlier: 
during the breeding season we played 
back the songs of the males to eleven 
captive females who had been housed 
in sound-attenuation chambers from 
October to June; we then measured 
the number of copulatory postures 
evoked by each song. Potency was 
thus operationally defined as effec¬ 
tiveness in releasing the female’s 
copulatory posture, 

Two songs from each of the males, 
recorded within 5 days of one another, 
were selected as playback songs on 
the basis of quality of recording. 
Several songs recorded and tested in 
previous years from the three males 
formerly isolate but now living to¬ 
gether were also included. Each day 
for about six weeks—the length of the 
breeding season, which occurs in May 
and June—the females heard seven 
different songs, one approximately 
every 90 minutes. The order and 
content of the songs varied each day 
but were the same for all the females. 
The response measure was the pres¬ 
ence or absence of each female’s 
copulatory posture. 

The males also participated in addi¬ 
tional manipulations in the second 
part of the experiment. After all the 
males had come into reproductive 
condition and their songs had been 
recorded, four of the males housed in 
condition 1 (two first-year males and 
two adults) were placed together 
without females and further record¬ 
ings of their songs were made after % 
weeks. The purpose here was to see if 
a short-term change in the social en¬ 
vironment would affect song,potency. 
We also observed the behavior of 
some of the isolate (conditions 2 and 
3) and group (condition 4) males upon 
introduction into an aviary housing 
an established colony of cowbirds. 
They were placed in the indoor sec¬ 
tion of the aviary for a 4-hour period 
from dawn to 10 A.M., during the time 
when the residents were actively en¬ 
gaged in mating and egg-laying. Two 
behaviors of particular interest were 
song and aggression. Would the in¬ 
troduced isolate males sing? To 


whom would they sing? Would they 
be attacked by the resident males? 

We had previously speculated that 
isolate male cowbirds might develop 
more effective song because of their 
different auditory environments; i.e. 
given the fact that they had never 
heard adult males sing, they might 
not include all possible types of in¬ 
formation in their song. This in turn 
might have resulted in a song con¬ 
taining an overemphasized or “purer" 
courtship message (9). The data show 
that this is not the case. Males de¬ 
prived of visual contact with other 
males but exposed naturally to the 
songs of adult and juvenile males 
(condition 2) also developed highly 
effective songs (Table 1). These songs 
are in fact indistinguishable in po¬ 
tency from those of males housed in 
auditory and visual isolation (condi¬ 
tion 1). Likewise, although the 
amount and kind of sounds available 
to complete isolate and visual isolate 
males differed greatly, males housed 
in these two conditions produced 
songs of equivalent potency. The ef¬ 
fect of social feedback was also clear 
from the songs of condition-3 males: 
males physically isolated from other 
males but allowed to witness the so¬ 
cial interactions of the groups sang 
songs that were no more effective 
than those of the communally housed 
males who sang the least effective 
songs. 

Effects of social change 


cases. The latter part of the experi¬ 
ment, in which males alone were used, 
also demonstrated the importance of 
social context, When the four males 
were placed together, the two adults 
dropped their song potency by half 
(from 51% to 29% and from 71% to 
31%) within 2% weeks. This reduction 
did not occur in the first-year males. 
Few obvious social interactions oc¬ 
curred among the four besides perch 
displacements, probably because no 
females were present, Thus, these 
data provide evidence that males, at 
least adults, can modify the effec¬ 
tiveness of their song. It did not, 
however, tell us much about how iso¬ 
lates behave when confronted with 
other males, The second manipula¬ 
tion, in which males were placed in an 
aviary with an established colony, was 
designed to provide us with this in¬ 
formation. 

Six males (2 visual isolates, 1 social 
isolate, and 3 group males) were in¬ 
dividually introduced into the aviary 
for two 4-hour sessions one week 
apart, The results for the group males 
were quite straightforward: none sang 
in the presence of resident males and 
only one was attacked, and then only 
once. Two of them did sing, however, 
when alone in the indoor section 
during their first visits. During the 
second visits a week later only one of 
the group males sang—again, only 
when alone. The isolates’ behavior, by 
contrast, was quite different, All three 
of the isolates sang repeatedly to 
resident males and females on their 


times to the residents, and the group 
males did not sing at all. There were 
two attacks during the second ses¬ 
sions, both on isolate males. 

It is imperative to note that the group 
males sang both during the visits and 
in their home cages. The difference 
was that whereas the isolate males 
sang to resident males during the 
visits, the group males sang only when 
the resident males were in another 
part of the aviary, In their home 
cages, both sets of males sang equally 
often, but the group males sang songs 
of much lower potency. Thus, the ef¬ 
fect we observed does not rest on 
isolate males singing more in quanti¬ 
tative terms but on the fact that they 
sing potent songs in different con¬ 
texts. 

We examined the possible relation¬ 
ship between frequency and potency 
by monitoring frequency of song in 
isolate and group males during the 
winter and spring. To do this, we re¬ 
corded all songs sung by 10 individu¬ 
als, including both isolate and group 
males, in a series of forty 3-hour ses¬ 
sions beginning in January and end¬ 
ing in April, documenting an average 
of 67 hours of song for each individ¬ 
ual. No relationship was found be¬ 
tween frequency and potency as 
tested by the female bioassay; the two 
factors did not correlate significantly 
(r s = .29; N - 10). For example, the 
two isolate males that sang the most 
effective songs ranked first and last 
with respect to frequency of song. 


Squally impressive, however, were 
;he data on the adults whose song 
listories were known. In the case of 
‘our of the five birds, manipulation of 
locial environment significantly af¬ 
fected song potency. The two condi- 
4on-l males who had earlier been 
•eared in a group showed significant 
ncreases in potency: from 27% to 51% 
•or male LB and from 29% to 71% for 
male Z. Conversely, the two condi- 
;ion-4 males who had originally been 
•eared in isolation showed significant 
decreases in song effectiveness when 
;hey became part of a group, The av¬ 
erage effectiveness of male P’s song 
after group living was 30%, as com¬ 
pared to 60% for his isolate songs. A 
similar decrease took place in the case 
Df male R, whose group and isolate 
songs averaged 36% and 65%, respec¬ 
tively. The third male did not,.how¬ 
ever, show this effect; male Y’s group 
3 ongs were as effective as his isolate 
songs—an average of 64% in both 


first visits, Two of them (a social iso¬ 
late and a visual isolate) were also 
attacked several times by the resident 
males. The third isolate was not at¬ 
tacked but was displaced from 
perches and chased around the aviary 
by the resident males. 

Upon the reintroduction of the six 
males a week later, one visual isolate 
did not sing at all and was not at¬ 
tacked. The other two isolates sang, 
although much less frequently than 
during their first visits, and both were 
attacked. (The only attack by an in¬ 
troduced bird occurred during a first 
visit. The social isolate initiated an 
attack on one of the resident males 
within several minutes of the start of 
the session.) In summary, the isolates 
sang 52 times to resident birds during 
their first sessions, the group males 
only twice; the isolates were attacked 
8 times, the group males once. During 
the second visits, the isolates sang 11 


Do male cowbirds use different song 
types—stereotyped song patterns, for 
instance—to communicate potency 
or lack of potency? Other passerines 
have been shown to use different song 
types in different contexts (13), hut 
we find no evidence for such a mech¬ 
anism in cowbirds. Individual males 
do have different song types, but thus 
far there is no evidence that they use 
them systematically in different 
contexts. 

We have one final source of informa¬ 
tion regarding the consequences of 
singing high-potency songs. In the 
course of our experimentation over 
the past five years, we have trans¬ 
ferred a total of 68 males from one 
aviary to another during the breeding 
season. For each male, information on 
song potency as tested by the female 
bioassay has been available. Of these 
68 males, 21 sang high-potency songs 



Figure 4, These examples of the song of the song. Whereas Eastern males isolated as nest- 
Eastern subspecies, Molothrus a, ater [above), lings later produced songs containing an MSE, 
and the Southern subspecies, Molothrus a, those captured as juveniles never included this 
obscurus (below), show an important structural element, suggesting that this structural unit 
difference; the Southern song contains a mid- results from nonspecific stimulation and hence 
song element (MSE) not present in the Eastern is learned. 


(defined as having an average potency ions, the more likely he is to sing a 
level above 50%) and 47 sang low- potent song. Thus males living in a 
potency songs (defined as having an group (as in nature) may learn to 
average potency below 50%). The modify the potency of their song, 
mean potency for the high group was thereby avoiding attack. The role of 
65% (range: 50% to 95%), that for the learning is evident in each of the four 
low group 28% (range: 7% to 48%). conditions but is perhaps most dra¬ 
matically demonstrated in the sig- 
Of the 21 high-potency males intro- nificant alteration of the song potency 
duced into new aviaries, 9 were killed of adult cowbirds whose song histories 
by the resident males within a week are known, 
and one was severely attacked and 

was removed by us. Of the 47 low- Although having a potent song might 
potency males, none was injured or be an advantage in attracting females, 
killed. Thus high-potency males run it appears to have adverse effects in 
a much higher risk of attack unless dealing with other males. Part of the 
they begin to sing less potent songs, isolate song effect is therefore prop- 
That males will do this is shown by erly interpretable only with the ad- 
the result just reported. Of the three ditiort of more criteria by which to 
formerly isolate males placed in con- measure outcome. That is, isolate 
dition 4, two lowered their potencies, song can be considered to be superior 
while one did not, That third male, only if the single outcome of female 
however, was killed during the course response to song is the measure. The 


Auditory experience 

The experiment just described ap¬ 
pears to minimize the role of 
species-typical auditory stimulation, 
although social stimulation is shown 
to be very important. Again, this 
might seem appropriate in a brood 
parasite. However, other work in our 
laboratory on geographic variation in 
song demonstrates that conspecific 
auditory stimulation also plays a part 
in the development of cowbird song. 
We established this fact by studying 
the songs of two geographically sep¬ 
arated populations of cowbirds, 
Eastern Molothrus a. ater males 
collected in Maryland and Southern 
Molothrus a. obscurus males col¬ 
lected in Texas. We discovered that 
the Southern males’ songs contained 
an additional element not found in 
the songs of the Eastern males (Fig. 
4). 

This element, termed the “mid-song 
element” (MSE), occurs after the IPU 
and before the final whistle phrase. 
The MSE was found in the songs of 
all the Southern males tested but two 
[N - 22 males; 225 songs) and in none 
of the songs of adult Eastern males 
tested (N = 32 males; 1,300 songs). 
We also tested females collected at 
the same time from the same respec¬ 
tive areas and found that they con¬ 
sistently responded more often to 
songs from their own geographic area. 
Thus it was clear that structural dif¬ 
ferences in the songs could be used by 
the females as a means of intraspecific 
identification. 

To learn more about the development 
of these structural differences, we 
studied the songs of two groups of 
Eastern Molothrus a, ater males, one 
group isolated as 2-day-old nestlings, 
the other as 100-day-old juveniles. 
We found that whereas the Eastern 
males isolated as nestlings later pro¬ 
duced songs containing the MSE, 
those captured as juveniles never sang 
songs with this element. Hence con- 


of the breeding season, Evidence thus 
exists on several levels of the dis¬ 
advantages of very effective songs,' 

The data indicate, then, that the 
critical feature of isolation is the ab¬ 
sence of male conspecifics with whom 
to interact. More particularly, they 
suggest an inverse relationship be¬ 
tween song potency and the degree of 
interaction with males: the more re¬ 
moved a male is from male compan- 


data thus emphasize the inadequacy 
of tertos such as “isolation,” “depri¬ 
vation,” and “enrichment” in char¬ 
acterizing the behavioral changes we 
have outlined. In the case of the 
cowbird, what would intuitively have 
been thought of as appropriate and 
inappropriate circumstances—group 
living and isolation, respectively— 
.clearly resulted in a counterintuitive 
outcome, in that isolation produced 


specitic stimulation during the first 
100 days produced a modification in 
song structure such that an element 
was eliminated. The fact that this el¬ 
ement normally occurs in the songs of 
Southern males suggests that in the 
case of the Eastern males experience 
serves to shape their song more 
toward the Eastern version, thereby 
facilitating intraspecific identifica¬ 
tion. That this shaping procedure can 
be accomplished by environmental 


input during the first 100 days is an¬ 
other example of the part that learn¬ 
ing plays in the development of cow¬ 
bird song. 

Song potency and mating 

The data thus indicate that cowbird 
j song can be modified by a male’s so¬ 
cial or auditory experiences or both, 
An attribute that seems to be espe¬ 
cially affected is song potency, i.e. the 
properties of the song that elicit the 
female’s copulatory posture. More¬ 
over, the data suggest that differences 
in song potency might represent an 
important factor in the female’s 
choice of a mate. The data discussed 
thus far, however, provide no direct 
evidence of a relationship between 
song potency and mating success. To 
examine this possibility, we designed 
an experiment that would enable us 
to look at the role of song potency in 
the context of mating. 

We chose not to work with wild pop¬ 
ulations for two reasons. First, cow- 
birds can be very mobile during the 
breeding season because of their 
| parasitic habit and emancipation 
^ from parental care; second, the 
properties of the song that release the 
: female’s response are perceptible only 
at short distances, and thus accu¬ 
rately recording or playing back song 
in the field is very difficult. This is 
primarily a consequence of the rapid 
attenuation of song content in the 
higher frequencies, including the 
IPU. We also knew that the female’s 
response could be depressed by even 
small changes in the signal-to-noise 
ratio. This presents a problem under 
any recording conditions but partic¬ 
ularly in the field (12). 

We set up breeding colonies of cow¬ 
birds in two large indoor-outdoor 
aviaries and observed the colonies 
from late winter through the breeding 

season. The aim was to look for par¬ 
allels to the isolate song effect—that 
is, to see which males, in terms of song 
potency and certain social features, 
obtained copulations with females. In 
addition to tallying the number of 
copulations for each male, we also 
played back their songs to a separate 
group of captive females to provide an 
independent measure of potency. 

For our purposes, the most important 
findings concern the male dominance 
hierarchy, the number of copulations 
obtained by each male, and the re¬ 


sults of the song bioassay (Table 2). In 
both aviaries, linear dominance 
hierarchies were formed and main¬ 
tained throughout the late winter and 
early spring. The male’s dominance 
status as determined by number of 
perch displacements was in turn an 
important predictor of behavior 
during the breeding season, in that for 
both aviaries the males with the 
highest status accounted for the ma¬ 
jority of copulations and had songs of 
the highest effectiveness. 


Because of the correlational nature of 
this finding, a question remained 
concerning causation; Do males be¬ 
come dominant because they have a 
potent song, or do they sing more 
potent songs because they are domi¬ 
nant? Other data suggest the latter 
interpretation. During the time the 
dominance hierarchies were being 
formed, all the males sang, but they 
sang ineffective song as measured by 
the female bioassay (14). The songs 
produced at this time appeared to be 
acoustically degraded, perhaps 
making information about potency 


harder to detect (15). Some males, 
particularly dominant males, sang 
songs that were more degraded than 
those of other males, suggesting that 
this behavior could be a mechanism 
to mask potency in the early spring. 

We also had data indicating that 
dominance must be “earned” before 
potent songs could be sung with im¬ 
punity, At one point we removed the 
dominant male from aviary B and 
placed him with a new group of males; 
we then observed the behavior of the 
remaining males in the old context 
and the dominant male in the new 
context. Two noteworthy events oc¬ 
curred. First, within a day other males 
in aviary B began to court and sing to 
females, some for the first time all 
spring. Second, the dominant male 
was killed by his companions two 
days after being introduced into the 
new group. The first event suggests 
that the dominant male was able to 
prevent other males from obtaining 
access to females, the second that he 
may have tried to do the same thing 
with the new males and failed or— 


Table 2. The relationship between dominance, mating success, and effectiveness of 


Males In aviary A* oi 

Number of copulation 14 


31 32 33 34 35 


Number of females 
copulated with 

Effectiveness of song* 


Number of copulation 
attempts 

Number of females 
copulated with 

Effectiveness of song 


4/7* 1/7 1/7 1/7 0 


32 33 34** 35 36 37 38 89 


0 0 0 0 


• Males are listed in order of dominance rank as determined by number of perch displacements, 
which was sampled periodically during March and April. A rank of 1 indicates that this male was 

displaced least often and displaced the other males most often, 

T 4 of 7 available females. 

t The sonas were played back to 15 females in sound-attenuation chambers. Numbers represen 
the mean percentages of the females' responses to each male's song. There was an average of 
150 playbacks of each song, Differences in song effectiveness were significant as tested by 
Friedman one-way analyses of variance (X r 2 = 20.9, p < .001 for aviary A; X,2 = 12.04, p < .02 

** The 8 songs of males 4,7,8, and 9 were not tested because they sang so infrequently. 




more likely—that he may have con¬ 
tinued to behave as a dominant male 
when he no longer was one. To put 
this another way, he behaved the 
same way the isolates did in the pre¬ 
vious experiment and suffered the 
same consequences. 

Taken as a whole, these data suggest 
that intense competition occurs 
among male cowbirds during the 
spring and the breeding season, and 
that only the winners extensively 
court females and produce potent 
songs, In absolute terms the songs 
they produce are not as potent as the 
ones produced by isolates. This could 
be due to the constraints of captivity, 
familiarity with the females, or the 
continued presence of other males. 

Dominance and isolation 

To relate these findings to the two 
previous experiments and to the 
question of the isolate song effect, we 
suggest that what we see as domi¬ 
nance in the third experiment may 
represent the same functional process 
as isolation in the first. A dominant 
male may “isolate” himself from the 
other males by eliminating (perhaps 
emasculating?) them as sexual com¬ 
petitors, In aviary B, one male ac¬ 
counted for all the copulations and 
the vast bulk of the courtship activity. 
In aviary A, the dominant male ac¬ 
counted for half of the copulations, 
but the other males obtained copu¬ 
lations in the latter half of the 
breeding season, when the dominant 
male had begun to court less. The 
second and third highest number of 
copulations obtained then were, 
however, by the second- and third- 
ranked males respectively {16), 

Thus far we have not considered the 
possibility that a truly isolate male 
could obtain copulations. Our data 
suggest that this could not happen in 
nature. First, other males would in¬ 
tervene to attack and drive off the 
potential competitor. Second, and 
most importantly, our data show that 
females do not copulate with males 
until they have been courted for at 
least a week {16), Familiarity with an 
individual male appears to-be neces¬ 
sary. Consequently, nomadic and 
perhaps solitary males such as iso¬ 
lates would probably not be success¬ 
ful in obtaining mates. 

These data add a new dimension to 
our explanation of the isolate song 


effect, suggesting that isolate males 
sing potent songs because they are 
dominant males and that, among 
cowbirds, only males with high dom¬ 
inance status sing potent songs in a 
variety of contexts. This is not to say 
that any male cowbird is incapable of 
singing a potent song; on the contrary, 
we know that most have this capa¬ 
bility. Rather, we suggest that they 
may not sing potent songs in mixed- 
sex colonies without the advantage of 
dominance, which may provide pro¬ 
tection from attack by other males. 

Thus the inverse relationship be¬ 
tween exposure to males and song 
potency which we have proposed to 
explain the results of the first exper¬ 
iment finds support here. The devel¬ 
opment of a potent song appears to 
hinge on a test of male fitness which 
determines who will be allowed to 
sing potent songs. This pattern, 
relying upon intense male competi¬ 
tion and female choice, closely re¬ 
sembles that of another brood para¬ 
site, the indigo bird, as well as those 
of many nonparasitic species (17). 

Because we worked with captive 
birds, the task of relating these find¬ 
ings to the behavior of cowbirds in the 
field remains to be carried out. This 
will be difficult, not only because of 
the problems mentioned earlier but 
also because other investigators have 
uncovered a diverse array of cowbird 
social arrangements, ranging from 
strict monogamy and territoriality to 
promiscuity to a lek system in which 
birds have a common site where 
courting takes place {18). The brood 
parasitic habit may require such so¬ 
cial flexibility where the limiting re¬ 
source is suitable host nests for the 
female’s eggs: different populations 
would display different social systems 
depending on whether suitable nests 
were abundant or scarce. Ecological 
constraints would thus predict flexi¬ 
bility {19). Differences in song po¬ 
tency would clearly be important in 
polygamous populations, and because 
males outnumber females three to 
two even in monogamous groups {20), 
competition is likely. We therefore 
suspect that song will he shown to be 
an important index of male fitness in 
a variety of social groupings. 

Exception or rule? 

We would now like to discuss more 
generally some of the developmental 
and evolutionary implications of the 


findings presented here. Are they in¬ 
deed anomalous, and do they in fact 
violate principles of natural selection, 
as some of the comments quoted 
earlier suggested? What is their rel¬ 
evance for other birds or other verte¬ 
brates? 

Current trends in the study of early 
development suggest that although 
these particular findings regarding 
the cowbird might not have been 
predicted, they should not come as a 
surprise (21). Other writers have for 
some time questioned the interpre¬ 
tation of deprivation and enrichment 
studies, and still others have reported 
sometimes counterintuitive results 
(22). It should be clear by now that 
deprivation and enrichment are not 
unitary experiences and that their 
effects cannot be measured by single 
outcomes. Moreover, the organism 
undergoing these experiential alter¬ 
ations is neither unchanging nor in¬ 
active during either treatment or as¬ 
sessment. The contribution of this 
study to developmental literature is 
thus significant not because it illus¬ 
trates new principles but because it 
extends accepted principles so readily 
to so improbable a model. 

Just as the data outlined here can be 
easily assimilated into theories of 
behavioral development, so also they 
present no problem for modern views 
of selection. The data show that male 
cowbirds undergo intense competi¬ 
tion that should result in the fittest 
male inseminating the greatest 
number of females, Furthermore, the 
female’s requirement of familiarity 
prior to copulation provides another 
important constraint assuring copu¬ 
lation with the fittest male. 

The evidence shows that male cow¬ 
birds exhibit vocal learning from an 
early age and continue to demon¬ 
strate it as adults. Rather than being 
idiosyncratic or exceptional by virtue 
of their parasitism, cowbirds fall well 
within the range of nonparasitic 
passerines with regard to patterns of 
song acquisition (23). What the data 
suggest is that the normal develop¬ 
ment of cowbird song derives from 
both genetic and experiential sources. 
Neither is sufficient in and of itself to 
produce a male that can sing the ap¬ 
propriate song in the appropriate 
contexts. 

What are the implications of these 
data for the conception of the cowbird 


as exhibiting a closed system of 
species recognition? At one level— 
that of “nature of the species” iden¬ 
tification—they require no change at 
all, in that cowbirds associate with 
one another early in ontogeny, long 
before differences in song perfor¬ 
mance could be a factor. Whether this 
identification rests on visual signals, 
auditory signals, or both has yet to be 
determined. Our data do, however, 
contradict the generalization that 
learning plays no role in mate selec¬ 
tion or preferences, a view implied or 
actually stated by some of the re¬ 
searchers quoted earlier, as well as by 
others (24). 

The last point might be made clearer 
by considering the fact that the 
identification of species or of poten¬ 
tial mate is not a single event occur¬ 
ring at a single moment in ontogeny, 
but a series of interactions among 
individual birds at different times of 
the year under different circum¬ 
stances, involving maturing organ¬ 
isms whose own developmental 
histories are constantly changing. The 
goal, then, is not to pinpoint precisely 
when a female can recognize a male or 
vice versa but to capture the multiple 
social, perceptual, and maturational 
processes that lead to changes in how 
one member of a species interacts 
with another. 

To assume that the processes re¬ 
sponsible for the initial event—the 
first encounter among conspecifics, 
for instance—also account for the 
subsequent differentiated system of 
interaction among species members 
would be to take a very narrow view. 
And yet this is the assumption one 
has to make to equate species recog¬ 
nition with mate selection. A con¬ 
ceptually related example of this 
danger can be seen in the literature on 
imprinting, where the debates sur¬ 
rounding the criteria of imprinting 
and its potential long-term effects 
turn on whether one considers only 
the preferences established by the 
young chick or that same animal’s 
later sexual preferences. It seems 
clear that for many species the prior 
attachments of the young chick are 
not sufficient to explain later mate 
choice (25). In the same way, even if 
the juvenile cowbird’s ability to rec¬ 
ognize a conspecific during its first 
summer or to produce a cowbird-like 
song in the absence of conspecifics is 
present at hatching, this does not 
preclude the possibility of extensive 


and necessary learning about mate 
choice and song later on. 

It might be tempting to dismiss these 
qualifications as minor or as based on 
a semantic quarrel. The data from the 
three experiments described here, 
particularly the last one, should ex¬ 
plain why we do not agree with such 
contentions. The first experiment 
demonstrates that male song can be 
modified by altering the male’s social 
environment and that such modifi¬ 
cations are reversible—clear evidence 
of learning capacity. The second ex¬ 
periment details the role of auditory 
experience, while the third supplies 
the ecological context for these ex¬ 
periences, emphasizing moreover the 
importance of song for mate selection. 
Thus, the essential role of species- 
typical social and sensory stimulation 
in affecting the female’s choice of 
mate by virtue of its effects upon the 
attribute of male song cannot be 
overlooked. 

While it could be argued that initial 
species identification need not re¬ 
quire species-typical stimulation, the 
same argument cannot be made about 
mate choice, which is, of course, a 
fundamental variable in the evolu¬ 
tionary process of speciation. To ex¬ 
plain the latter, one is led by the evi¬ 
dence to recognize the integrative 
function of learning throughout the 
reproductive life of the cowbird, To 
call such a system “closed” is both 
inappropriate and imprecise. That 
cowbirds can afford to depend upon 
the environment for so critical a 
function is elegant, if unlikely, testi¬ 
mony to the powerful role of learning 
in development and evolution. 
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Stephen c. Porter Alpine Rockfall Hazards 
Giuseppe Orombelli 

Recognition and dating of rockfall deposits in the 
western Italian Alps lead to an understanding of 
the potential hazards of giant rockfalls in 
mountainous regions 


Sometime during the night of 12-13 
September 1717, a massive block of 
ice-clad rock plunged downward onto 
Triolet Glacier from the crest of the 
towering Mont Blanc massif in 
northwestern Italy (Fig. 1). When the 
rock mass struck the glacier, the rock 
fragmented and moved rapidly down 
into Val Ferret, where it overwhelmed 
two small settlements, instantly 
burying the 7 herdsmen and 120 cows 
that were living there. The catastro¬ 
phe is mentioned in travelers’ ac¬ 
counts for more than a century after 
the event, but naturalists and scien¬ 
tists who visited the valley after the 
middle of the last century failed to 
associate the early descriptions of the 
tragedy with deposits on the valley 
floor. 

Since then there have been other 
large rockfalls in this part of the Alps, 
but because no loss of life and little 
property damage resulted, they re¬ 
ceived scant attention. In recent 
years, more and more vacationers 
have made use of this magnificent 
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alpine region for summer and winter 
recreation, and the number of per¬ 
manent inhabitants has steadily in¬ 
creased, with a concomitant expan¬ 
sion in the size of their communities. 
These people are largely oblivious to 
the historic and geologic record of 
rockfall activity in the surrounding 
mountains and therefore fail to ap¬ 
preciate the potential hazard of fu¬ 
ture giant rockfalls. It is apparent 
that substantial portions of heavily 
used valley floors lie within zones that 
have been affected, often repeatedly, 
by giant rockfalls in the compara¬ 
tively recent geologic past. 

Historic rockfalls 

The largest recent rockfall in upper 
Val d’Aosta occurred on 14 November 
1920, when a large mass of rock be¬ 
came detached from a spur on the 
east side of Mont Blanc and began to 
slide downward toward Brenva Gla¬ 
cier. The day was clear and mild, and 
an eyewitness has described the 
moving mass after it struck the gla¬ 
cier, shattered, and rapidly spread 
laterally across the valley: 

The dense cloud, like a moving mass of 
wool, travelled down the middle of the 
glacier, passed over a rock step and the 
icefall, and reached the lower part of the 


the right-lateral moraine, came to rest 
just short of several buildings on the 
floor of Val Veni. Because the thick 
cover of bouldery debris inhibited the 
melting of the ice in the ablation zone 
(the lower half of the glacier), Brenva 
Glacier advanced during the next 20 
years, while other glaciers on the 
massif were undergoing a marked 
recession (Figs. 2 and 3). 

Miage Glacier, the longest glacier on 
the Italian flank of Mont Blanc, is 
also mantled with coarse angular de¬ 
bris over nearly all of its ablation area. 
The debris, where visible in crevasses 
or melting ice cliffs, is typically a 
meter or more thick. Aerial photo¬ 
graphs of the glacier taken between 
1954 and 1975 show distinct lobes of 
debris, which originated in large 
rockfalls from nonglaciated lateral 
tributary valleys. The debris lobes, 
which vary in color depending on 
their source areas, have been trans¬ 
ported through the middle part of the 
glacier at rates that average 50-70 m 
per year during the interval repre¬ 
sented by the photographs. Extrap¬ 
olating these rates into the past, it is 
estimated that the large debris lobes 
in the middle portion of the ablation 
zone were emplaced about 30-50 
years ago. 


glacier tongue.... At the icefall, stones 
were seen projecting out of the cloud as if 
blasted by an explosive charge. Behind 
the well-defined cloud there followed a 
dense fog that for some time obscured all 
of the glacier. [Valbusa 1921, p. 108] 

It took the shattered rock mass only 
2 to 3 minutes to descend about 2,500 
m over a distance of 5 km, Five days 
later, there were four more rockfalls, 
the last of which had the greatest 
volume. The rock debris, estimated at 
6-7,000,000 m 3 , which was deposited 
largely on the glacier surface and on 


Old maps, engravings, and historic 
accounts indicate that the extent of 
the rockfall mantle on Miage Glacier 
has not been constant. At the time of 
H. B. Saussure’s visit in 1774, the 
middle and lower parts of the glacier 
were marked by an “extraordinary . 
purity of the ice,” and in 1842 J. D. , ? 
Forbes observed veined structures in 
the ice where now there is only a 1 
chaotic distribution of supraglacial j 
debris, Photographs dating from the 
early twentieth century, however, . 

show the terminal zone of the glacier 
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Figure 1, This map shows the principal valleys 
of upper Val d'Aosta, an area that has been 
affected in the past by giant rockfalls. 


extensively covered by debris and eighteenth-century rockfall, and the 

distinct new rockfall deposits along distribution of the boulder deposit 

the right margin of the glacier. These supports this inference. The velocity 

and other observations suggest that of the moving debris at the time it 

large rockfalls are recurrent events in reached the floor of the main valley 

this valley and may have been espe- near the now-buried settlements has 

dally frequent during the past 75 been estimated from the height to 

years. Because Miage Glacier is so which the debris rose against the op- 

large, the resulting debris is confined posing valley wall. The calculations 

entirely to its surface, and rockfalls indicate velocities of about 126-160 

are seldom witnessed. km/hr, which imply that the total 

travel time for the rockfall from time 
Recent geologic studies in upper Val of detachment to time of emplace- 
Ferret have led to the identification ment at its downvalley end, a vertical 
of an extensive rockfall deposit ex- drop of ~1,860 m, was probably be¬ 
tending 2 km below the outermost tween 2 and 4 minutes. 

Little Ice Age moraines of Triolet 
Glacier (Porter and Orombelli 1980). 

The distribution of the deposit indi- Recognition of rockfall 
cates that it originated somewhere in A n nn qi+ Q 
the headwall sector above Triolet ” 

Glacier and therefore traveled a The rockfall deposits of upper Val 
maximum distance of ~7 km. The d’Aosta are interstratified with mo- 
total volume of rock debris is esti- raines of alpine glaciers and are easily 
mated at 16—20,000,000 m 3 . Botanical confused with them. In fact, a number 
dating of the deposit, based on tree of major rockfall deposits were in¬ 
rings and lichens, places the event terpreted earlier by geologists as an- 
close to 1720, which suggests a corre- cient moraines. The reason for the 
lation with the 1717 catastrophe de- confusion is obvious when the topo- 
scribed in early accounts. The Aiguille graphic setting of the deposits is 
de l’Eboulement is generally regarded . considered. The large glaciers, which 
as the most likely source of this early head in high cirque basins and com¬ 


monly terminate in the lower reaches 
of tributary valleys or on the floors of 
the trunk valleys, left concentric, 
curved ridges of morainal debris 
marking culminations of advances 
during the Little Ice Age. Giant 
rockfalls originating at or near the 
headwalls of cirques also moved down 
these same tributary valleys and came 
to rest as lobate deposits on the floors 
of the trunk valleys, often close to the 
moraine systems. Because both gla¬ 
ciers and moving rockfall debris be¬ 
have as fluid systems, their paths of 
flow are similar, and the distributions 
and gross external characteristics of 
the resulting deposits may also be 
broadly similar. Consequently, a 
major problem in studying the recent 
geologic history of glaciated alpine 
valleys revolves around the difficulty 
of distinguishing between bouldery 
deposits of glacial origin and those 
due to rockfalls. The problem is fur¬ 
ther complicated by the fact that 
major rockfalls often distribute debris 
across a glacier surface, as in the case 
of Brenva Glacier in 1920, and the 
rockfall sediments are subsequently 
reworked by the glacier and deposited 
as part of the morainal system. 

Recent studies of end moraines and 
rockfall deposits in the western Ital¬ 
ian Alps have led to the determina¬ 
tion of a number of criteria that can 
aid in distinguishing between these 
deposits (Porter and Orombelli 1980). 
Although no single criterion permits 
unequivocal identification of either 
type of unit, in combination they may 
allow the origin of deposits to be de¬ 
duced. 

The distal margin of a large rockfall 
deposit typically is marked by an 
abrupt rim that rises above the sur¬ 
rounding terrain several to many 
meters. Behind the rim is a chaotic 
landscape of hummocky topography 
consisting of angular rock fragments 
of various dimensions, Transverse 
ridges and furrows on the thickest 
parts of some deposits are convex in 
the direction of movement and are 
believed to represent overlapping 
sheets of debris that came to rest 
successively. With the passage of 
time, many of these features are 
smoothed out by mass wasting and 
erosion, resulting in a morphology 
that is superficially similar to nested 
sets of glacial moraines. 




Figure 2. In November 1920 a large mass of Glacier. Debris from the resultant rockfall still 
rock that became detached from a spur on the partially covers the terminal zone, 

east side of Mont Blanc collided with Brenva 


joarse angular rock fragments that 
•ange in size from fine dust up to 
massive boulders with diameters as 
great as 20 or even 50 m. Immediately 
ifter deposition, the surface is typi¬ 
cally loose and porous and is marked 
y numerous voids or cavities, but 
nth time the constituents may settle 


Glacial deposits vary in thickness but 
are generally thickest in end mo¬ 
raines, in contrast to rockfall deposits, 
which may either be quite uniform in 
thickness or thicken gradually toward 
the source. However, it is seldom 


ness across either type of deposit, 
since the full depth of the deposit is 


sediments also commonly include 
angular fragments, but exceptionally 
large boulders are rare. Like stones in 


glaciers), stones in rockfall deposits 
may be scratched or striated, but 
whereas the scratches on till stones 
tend to be aligned, the scratches on 
stones in rockfall deposits tend to lack 
any systematic orientation. Large 
boulders in rockfall deposits may 
fracture on impact and show a 
three-dimensional jigsaw effect, a 
feature not characteristic of ice-laid 
boulders. 


The lithologic composition of mo¬ 
raines reflects the various kinds of 
bedrock across which a glacier has 
traveled, and except in glaciated areas 
that have uniform lithology, moraines 
will be composed of a mix of rock 
types. Rockfalls, on the other hand, 
commonly involve a single kind of 
rock, and the resultant deposit is 
monolithologic. If, for example, a 
deposit in Val Ferret consists solely of 
coarse-grained granite but lies in a 
sedimentary rock terrain, then it 


probably originated as a rockfall from 
granitic cliffs above. In some cases 
multiple rockfalls may involve a suc¬ 
cession of different types of rock, but 
unlike morainal sediments, which 
tend to be well mixed, each offlapping 
rockfall unit may be characterized by 
a distinctive color or lithology, 


Moraines nave aowavuuey 
that are similar to those of the glaciers 
that built them and typically ap¬ 
proximate hyperbolic curves. Rock¬ 
fall deposits in steep valleys may have 
long profiles in the direction of the 
valley that are similar to those of 
moraines; however, if the debris is 


the surface gradient of the deposit 
may be anomalously low compared to 
the profile of a typical end moraine. 

The likelihood of any soil profile 
being preserved over a broad area of 
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valley floor beneath a glacial deposit 
is slight, since an advancing glacier 
will override soils and surface organic 
litter, incorporating them into its 
basal debris load. By contrast, debris 
from rockfalls may be emplaced with 
little disruption of the soil profile. 
The widespread preservation of soil 
at the base of a boulder deposit 
therefore suggests a rockfall origin 
rather than a glacial origin. 

The age structure of the vegetation 
cover on a set of recent moraines 
generally reflects the successive con¬ 
struction of the moraines in the up- 
valley direction as a glacier halts or 
readvances during an episode of pro¬ 
longed recession. The plants and trees 
on the older moraines of a group will 
therefore be older than those on the 
successively younger moraines up- 
valley. On the other hand, when a 
rockfall is emplaced, every part of the 
newly formed surface is available for 
plant colonization simultaneously, 
and so little or no difference may be 
detected in the ages of the oldest 
plants and trees across a rockfall de¬ 
posit. Although large boulders that 
were part of a cliff face prior to de¬ 
tachment may regain a partial cover 
of lichens after deposition, such li¬ 
chens will appear anomalously large; 
by means of size-frequency analysis, 
they can generally be differentiated 
from lichen populations that subse¬ 
quently colonized the rockfall de¬ 
posit. 

In addition, moraine sequences 
within a given geographic area com¬ 
monly display a distinctive age 
structure, which reflects the major 
episodes of glacier advance and re¬ 
treat. A boulder deposit having no 
counterpart in nearby local moraine 
records or extending much farther 
downvalley than moraines of similar 
age might suggest a unique rockfall 
event. 

Dating of deposits 

The giant rockfall deposits that have 
been identified in the western Italian 
Alps lie in valleys that were buried by 
thick glacier ice during the last 
(Wurm) glaciation and became free or 
largely free of ice only after about 
10,000 years ago. Thus the rockfall 
deposits, with only a few exceptions, 
apparently date from postglacial 
(Holocene) time. Some are obviously 
interstratified with glacial deposits of 


the Little Ice Age and must therefore 
have been produced sometime within 
the last 500-600 years, whereas others 
underlie Little Ice Age moraines and 
presumably were emplaced earlier, 
during the Holocene Epoch. 

Several methods of dating rockfall 
deposits more closely are available. 
The radiocarbon method can be ap¬ 
plied to samples of organic matter 
found within or immediately above or 
below rockfall deposits, thereby giv- 



Figure 3. The terminal fluctuations of Brenva 
and Argentine Glaciers and of the Mer de 
Glace on the French side of the Mont Blanc 
massif were generally in phase until 1920, when 
there were giant rockfalls at Brenva Glacier. 
The subsequent advance of Brenva Glacier 
contrasts markedly with the retreats of the 
other two glaciers. 


ing approximate or bracketing ages 
for the deposits. This is the only 
method available for assessing the age 
of deposits older than about 1,000- 
1,500 years, but it can also be used to 
date younger rockfall events. How¬ 
ever, because the amount of radio¬ 
carbon in the atmosphere has varied 
through time (Stuiver 1978), the re¬ 
sults are often ambiguous, especially 
for radiocarbon ages less than about 
500 years old. Since a range of calen¬ 
dar ages may correspond to a single 
radiocarbon date, it is often not pos¬ 
sible to specify the true age of a sam¬ 
ple to within less than 100 years, and 
the statistical error in the radiocarbon 
date increases this uncertainty. 

Two botanical dating methods offer 
the best hope of obtaining reasonably 
close ages for young rockfall deposits. 
The first, dendrochronologic dating, 
requires identifying the oldest tree 
(commonly larch in the western Alps) 
growing on a rockfall deposit and 
obtaining a core, from which a count 
of the annual rings can be made. Al¬ 
though fairly straightforward, this 
method has several limitations. For 
one thing, there is generally no way of 
knowing if, in fact, the oldest tree has 
been located. Furthermore, the peri¬ 
od between emplacement of the de¬ 
posit and germination of the first 
seedlings is not known, and although 
observations in Val Ferret indicate 
that seedlings may become estab¬ 
lished within 7 to 10 years, in some 
cases the lag may range from as much 
as several decades to half a century. 
In addition, because the oldest larch 
trees in upper Val d’Aoata are be¬ 
tween 400 and 500 years old, the 
method is limited to this time 
range, 

The second botanical dating method 
makes use of lichens, which are 
ubiquitous on rock surfaces in the 
Alps and are among the first plants to 
colonize newly deposited rockfall 
debris. Certain species that become 
progressively larger with increasing 
age can be used to date the rock sub¬ 
strates on which they grow. Liche- 
nometric dating involves determining 
the rate of growth of a lichen species 
by establishing a growth curve (di¬ 
ameter as a function of age), which 
can then be used to assess the age of 
various deposits. Growth curves for 
Rhizocarpon geographicum and As- 
picilia cinerea, which are widespread 
early colonizers of newly exposed 


in Ai 



substrates, have been used to date 
rockfall deposits in upper Val d’Aosta 
(Figs. 4 and 5). 

A basic assumption is that the largest 
lichen on a rock surface that was de¬ 
void of lichens when deposited should 
provide a measure of the time since 
the surface first became available for 
colonization. The rate of lichen 
growth is initially rapid but declines 
with time, probably exponentially, 
and thus the potential error in dating 
increases as a function of time. 
Specimens of R geographicum as 
large as 280 mm, equivalent to an age 
of approximately 1,200-1,300 years, 
have been found on the lower slopes 
of Mont Blanc, and specimens of A. 
cinerea as much as 650 mm in diam¬ 
eter, equivalent to an age of approxi¬ 
mately 900-1,000 years, have been 
noted farther east in upper Valtour- 
nanche. These examples probably 
represent the effective age limit in 
this part of the Alps for whichTiche- 
nometry can be used; however, these 
ages are subject to large errors, be¬ 
cause they are based on extrapolation 
from growth curves that are well 
controlled only over the last 260 
years. 

Despite the limitations of each of 
these dating methods, rockfall de¬ 
posits formed during the Little Ice 
Age of the past six centuries can be 
dated with reasonable confidence by 
botanical methods, and older Holo¬ 
cene deposits can be dated by radio¬ 


carbon where suitable organic matter 
is found. Dating by means of these 
methods makes it possible to con¬ 
struct a chronology of rockfall activ¬ 
ity, to estimate the frequency of large 
rockfalls during the recent geologic 
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Figure 6. The growth curves for two lichen 
species found in upper Val d’Aosta can be used 
to estimate the ages of the substrates on which 
they are growing. For example, if the largest 
specimens of R. geographicum and A, cinerea 
growing on a boulder deposit have minimum 
diameters of 75 and 230 mm, respectively, the 
inferred time of lichen colonization is 260 years 
ago. 


past, and to assess the likelihood of 
future rockfalls in this area. 

Evidence of ancient 
rockfalls 

The zone of major rockfall activity on 
the Italian side of the Mont Blanc 
massif lies between Miage Glacier and 
Col Ferret at the Swiss border. In this 
zone of maximum topographic relief, 
the massif is composed primarily of 
coarse-grained granite that has been 
eroded into sharp ar§tes (ridges) and 
numerous spires that rise precipi¬ 
tously above cirque basins. Rock 
buttresses and spires are probably the 
source of most of the giant rockfalls 
identified along the floors of the ad¬ 
jacent valleys. 

An almost continuous blanket of 
rockfall debris is crossed as one '.trav¬ 
els up Val Ferret from Entreves (Fig. 
6). Most of the deposits take the form 
of lobes that terminate on the valley 
floor or rise against the opposing 
valley wall, and nearly all lie beyond 
the outermost Little Ice Age moraines 

of glaciers now occupying the valley 
heads. The probable sources of the 
rockfalls are marked by large, light- 
colored scars on the walls of the 
massif, which contrast with adjacent 
walls of darker cast. The darker-col¬ 
ored rock of undisturbed cliff faces is 
due both to weathering and to a dense 
cover of lichens; by contrast, rockfall 
scars are less weathered and bear 
fewer and younger lichens. 
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Lichenometric and dendrochronolo¬ 
gy dating indicate that the major 
rockfall deposits downvalley from the 
Triolet deposit range in age from 
about 150 to a little over 600 years. In 
several cases, the maximum lichen 
ages of adjacent boulder zones are 
different, which implies multiple 
rockfalls with similar distributions. 
Large rockfall boulders opposite 
Frebouze Glacier are distributed in a 
manner suggesting that the rock de¬ 
bris, which was probably derived 
from a spur of the Grandes Jorasses, 
came straight down the valley and 
fanned to the right and left as it rose 
against the opposite valley wall to a 
height of up to 200 m. The downvalley 
lobe rose across a tributary alluvial 
fan and buried the shaly alluvium 
that is now exposed in several places 
beneath the rockfall debris. Because 
of its size, this deposit probably 
blocked the valley, thereby damming 
the Dora di Ferret, but whatever evi¬ 
dence of ponding there might be is 
now buried beneath the Triolet 
rockfall deposit that covers this sector 
of the valley. 

In addition to the large rockfall de¬ 
posits shown in Figure 6, there are 
many smaller deposits covering the 
valley floors and adjacent slopes 


below cirque basins. Some overlie 
nineteenth- and twentieth-century 
moraines and attest to an apparent 
high frequency of small-scale rockfall 
events. 

The southern tributaries of Val Veni 
and Val Ferret are carved in sedi¬ 
mentary and metasedimentary rocks 
that are more erodible than the 
granite of Mont Blanc, and conse¬ 
quently the landscape has a lower 
relief. Nevertheless, glacial erosion 
during the ice ages has produced 
steep cirque walls in valley heads thus 
promoting falls of large rock masses. 
Two major rockfalls have been iden¬ 
tified that apparently date from 
late-glacial time (see Fig. 6). Both are 
marked by a chaotic landscape of 
large boulders that form an irregular 
hummocky surface. The shape and 
distribution of these units suggest 
that they fell onto glaciers during a 
final advance, probably sometime 
between about 11,000 and 10,000 
years ago. Soil profiles on these de¬ 
posits are well-developed and are 
similar to those on nearby late-glacial 
moraines. Such rockfall events may 
be ancient analogues of the 1920 
rockfalls on Brenva Glacier. The ir¬ 
regular melting-out of debris-mantled 
ice is inferred to have led to the un¬ 


usual bouldery topography preserved 
in these high tributary valleys. 

Rockfall deposits in 
population centers 

The rockfall deposits identified in Val 
Ferret and Val Veni are in areas of 
low population density. However, 
study of the distribution of major 
rockfall units in upper Val d’Aosta 
has revealed that deposits of giant 
rockfalls underlie two major resort 
communities. Both deposits are pre¬ 
historic and involve the descent of 
large masses of debris ovelf substan¬ 
tial horizontal distances. 

Courmayeur, site of an ancient 
Roman settlement, appears on the 
earliest maps of Val d’Aosta. Since 
completion (in 1965) of the Mont 
Blanc tunnel, which links Cour¬ 
mayeur with Chamonix on the French 
side of the massif, the community has 
steadily increased in size and popu¬ 
larity as both a summer and winter 
recreation center. Scattered 
throughout the town and the smaller 
neighboring villages are a large 
number of giant granite boulders, 
most of which are partially buried by 
sediment from the coalescing alluvial 
fans on which Courmayeur is built. 



Figure 6, This geologic map of Val Veni, Val ages of the major Tockfall deposits. Most of the posite valley wall. Nearly all the lobes lie be- 

Ferret, and the Italian flank of the Mont Blanc deposits are in the form of lobes, which termi- yond the outermost Little Ice Age moraines of 

massif shows the distribution and approximate nate on the valley floor or rise against the op- glaciers that now occupy the valley heads 
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They are distributed within a broad Because the deposit came to rest on raines of late-glacial age but is over¬ 
lobe, the southern limit of which lies the surface of an aggrading alluvial lain in turn by end moraines of Forca 
close to the center of town. fan system, it was largely buried by Glacier, built during the past several 

fan alluvium that continued to accu- centuries. In its upper reaches, the 
Initial mapping of the glacial geology mulate after the rockfall. By the time deposit supports Rhizocarpon geo- 
of the valley suggested that the a settlement was established at graphicum as large as 260 mm and 
boulders might be part of an end Courmayeur, much of the original sur- Aspicilia cinerea as much as 650 mm 
moraine of late-glacial age, since the face of the deposit may have been ob- in diameter, indicating ages of more 
upper limit of glacially transported scured by newly deposited alluvium, than 1,000 and at least 900 years, re¬ 
granite erratics descends toward spectively. Owing to the uncertainties 

Courmayeur from along the south Some 50 km to the east of Mont Blanc involved in extrapolating the lichen 
walls of Val Veni and Val Ferret, and Courmayeur lies the Breuil growth curves beyond about 500 
However, the surface gradient of the (Cervinia) resort area, one of the most years, these age estimates may be in 
boulder deposit is extremely low, famous and frequented skiing and error, but they imply that the deposit 
unlike the steeply descending erratic climbing centers of the Italian Alps, is at least 1,000 years old. Near Breuil, 
limit. Furthermore, two large exca- The town lies near the head of Val- however, the largest lichens on the 
vations that exposed the deposit dis- tournanche, at the very foot of the boulders suggest an age of only about 
closed features that were inconsistent Matterhorn (Cervino) (see cover). On 300 to 350 years. The apparent dis- 
with a glacial origin. First, the deposit the southwestern side of Breuil, an crepancy may indicate either that the 
is monolithologic, consisting solely of arcuate alignment of large boulders mapped debris includes more, than 
granite of the Mont Blanc massif, and forms a rampart along the edge of a one old rockfall, or that lichens in the 
is sandwiched within the dark-gray golf course. The boulders were pre- lower part of the valley. started 
shaly alluvium of the tributary allu- viously interpreted as a late-glacial growing much later than those on the 
vial fans. If the deposit were com- moraine, but several lines of evidence slopes above. Breuil lies some 150-200 
posed of glacial drift, it should con- indicate that instead they constitute m below the upper tree line but is now 
tain a large admixture of the sedi- the terminal portion of a giant rock- largely unforested. Prior to several 
mentary and metasedimentary rocks fall lobe that originated on the south centuries ago, the terminal lobe of the 
that underlie the valley floor and wall of the Matterhorn. rockfall deposit may have supported 

form the adjacent mountain slopes a f° rest cover that esta °" 

between Courmayeur and the steep Some of the angular blocks exceed 10 lishment and growth of lichens on 
southern slope of Mont Blanc. Sec- m in diameter, and the largest mea- boulders, Subsequent deforestation 
ond, an obvious soil, locally rich in sures 7 x 12 X14 m in its exposed di- of the high meadows about 300-350 
charcoal, underlies the deposit in the mensions. The boulders are composed years ago inay then have led to lichen 
walls of the excavations, which extend of a single type of rock—chlorite- colonization of the deposit. 

over several thousand square meters, sericite gneiss—and therefore con- _ „ 

A sample of charcoal (UW-507) from trast with nearby glacial drift, which In addition to the extensive rockfall 
beneath the deposit has a radiocarbon consists of a mix of greenschists and deposit at Breuil, several deposits o 
age of 2,595 ± 55 years, while samples other metamorphic rocks that reflect smaller volume and more limited 
of organic matter (UW-508, UW-509) the complex geology of the basin. The distribution occur higher in theval- 
from basal alluvium directly above abrupt terminus of the lobe rises ley. One deposit mantles muc o 
the deposit at two sites are 2,365 ± 60 about 4 m above the surrounding left-lateral moraine of Forca fflaciet 
and 2,400 ± 75 years old, respectively, terrain and is bordered on both sides and supports a hchen cover that date 
These dates indicate that the depoit by tributary streams. Near town the from the ». Two documented 
was emplaced about 2,500 years ago, lobe has a gradient (~5%) that is far younger rockfalls from the east but- 
kmg after the period when late-glacial lower than the gradients of nearby tes of the Matterhorn occurred 
ice occupied the valley. Although late-glacial And Holocene moraines. 1943 (Vanni 1946). 


widespread expansion of glaciers is 
known to have taken place between 
about 2,300 and 3,000 years ago 
(Denton and Karlen 1973), there is no 
independent evidence for such ad¬ 
vances at any of the more than 20 
glaciers in the upper Val d’Aosta that 
we have studied. Furthermore, if the 
deposit were of glacial origin, an 
anomalously large ice advance would 
have been required. The evidence 
therefore favors a rockfall origin. 

The boulder deposit probably came 
from high on the Mont Blanc massif, 
possibly in the vicinity of Col de 
Geant, for the high meadows below 
that pass, in the vicinity of Mont 
Frety, are littered with many ancient 
boulders of obvious rockfall origin. 


Large angular blocks of the same li¬ 
thology are traceable upvalley from 
Breuil along Torrente Cervino. A- 
large area between the 2,300- and 
2,600-m contours north of Plan Tor- 
retta and near the major ski route 
descending from Plan Maison is 
blanketed by massive angular blocks 
of similar composition, The distri¬ 
bution, size, shape, and lithology of 
this extensive boulder deposit are all 
suggestive of a rockfall origin, with 
the Matterhorn as the, probable 
source area. The terminus of the lobe 
at Breuil is at least 6 km from, and 
between 1,240 and 2,200 m lower 
than, the inferred site of origin. 

The rockfall deposit overlies mo- 


Rockfall hazards 

Despite the number and widespread 
distribution of recent giant rockfalls 
in upper Val d’Aosta, there has been 
little direct impact on the human 
population. Prior to the Little Ice 
Age, the high valleys were probably 
inhabited sparsely, if at all, and until 
the present century were frequented 
only by herdsmen and occasional 
travelers. The greatly enhanced ac¬ 
cessibility of high alpine valleys and 
their ever-increasing importance as 
recreation areas have caused an ex¬ 
ponential increase in the use of these 
formerly remote areas. Because the 
major rockfalls identified in the 
geologic record occurred before this 
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Other areas affected by small-scale rockfall activity 


) 



Figure 7. This map of Val Ferret and lower Val distribution is based on the pattern of known the massif, but could reach the main valley 

Veni shows the zones that could be reached by rockfall deposits and on the inferred potential floor, where they might cover areas larger than 

giant rockfalls traveling up to 3,5, or 7 km from trajectories. Rockfalls traveling distances of those depicted, if they originated on stairs k;- 

potential source areas on cirque headwalls less than about 3 km would have little effect on tween cirque basins, 

along the crest of the Mont Blanc massif. The valley floors if they originated near the crest of 


recent increase in population, there is 
no long recorded history of rockfall 
activity and only very limited 
awareness of possible rockfall haz¬ 
ards. Yet the hazard is real. 

Within the past several hundred 
years alone, giant rockfalls that 
traveled 3-7 km from the crest of the 
Mont Blanc massif have blanketed 
Val Ferret and part of lower Val Veni 
with an almost continuous mantle of 
coarse angular debris. Were such 
large-magnitude events to recur 
during the height of the tourist sea¬ 
son, loss of life and property damage 
could greatly exceed those of the 
Triolet disaster of 1717. Even small 
rockfalls can have serious conse¬ 
quences; in early summer of 1978, for 
example, the fall of a minor rock 
buttress from cliffs above Pre St. Di- 
dier resulted in several structures 
being badly damaged. Rockfalls at 
Courmayeur and Breuil similar in 
magnitude to those of prehistoric 
times would have the greatest po¬ 
tential for disaster, in that both areas 
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are sites of ongoing expansion in¬ 
volving much new construction. 

Although there is little doubt that 
large rockfalls will continue to occur 
in this area, it is difficult to anticipate 
on the basis of present knowledge 
where and when they will take place. 
However, using data on the distribu¬ 
tion of rockfall deposits and probable 
sources, it is possible to construct a 
map that shows areas that could be 
affected by future giant rockfall 
events (Fig. 7). The most vulnerable 
zones are those lying at or near the 
mouths of major tributary valleys 
down which rockfall debris is likely to 
be channeled. Rockfalls equivalent in 
extent to that near Tronchey in Val 
Ferret could reach the floor of the 
main valley and spread out across 
alluvial and outwash fans as large 
lobes. A very much larger area would 
be affected by rockfalls comparable in 
size and distribution to that of 1920 
on Brenva Glacier, which reached at 
least 5 km from the source. Nearly all 
of the floor of Val Ferret, including 


sites of half a dozen small communi¬ 
ties, lies within reach of such giant 
rockfalls. Still larger rockfalls, the size 
of those at Triolet and Courmayeur, 
which traveled up to 7 km or more 
from the crest of the massif, could 
potentially affect greater areas, in¬ 
cluding not only Courmayeur but: all 
the communities upvalley. Although 
even larger events are conceivable, 
there are no known examples from 
this part of the Alps. 

The likelihood of future giant rock¬ 
falls must be assessed in the light of 
the frequency and magnitude of past 
events and be based on an under¬ 
standing of their possible causes. But 
as yet we know little about either 
frequency or cause. The documented 
record of rockfall activity is restricted 
largely to surficial deposits that date 
mainly to the Little Ice Age (Fig. 8). 
But how many deposits of large 
rockfalls like that at Courmayeur lie 
hidden from view beneath glacial 
deposits and alluvium along the bot¬ 
tom of Val Veni and Val Ferret? If the 


complete record were known, the in¬ 
ferred gaps in rockfall activity be¬ 
tween about 600 and 2,500 years ago 
and between 2,500 years ago and the 
end of the last glacial age might dis¬ 
appear. On the other hand, the ap¬ 
parent concentration of rockfall ac¬ 
tivity in certain time intervals may be 
real. 

All the known major rockfalls from 
the Mont Blanc massif occurred at 
times of increased glacier activity. A 
similar relationship was found in 
Norway, where the greatest rockfall 
activity coincided with the Little Ice 
Age (Grove 1972). A possible cli¬ 
mate-related cause is therefore sug¬ 
gested. However, even if such a rela¬ 
tionship could be demonstrated con¬ 
vincingly, there is as yet no adequate 
basis for forecasting exactly where or 
when the next major rockfall will 


Despite this pessimistic outlook, it is 
still possible to identify those areas 
where the effects of future rockfalls of 
moderate to large size would be 
greatest and to attempt to minimize 
the effects by limiting population 
concentrations in such areas. For ex¬ 
ample, based on the past record, the 
sector of Val Veni shown in Figure 7 
is far more susceptible to large rock¬ 
fall events than the sector farther 
southwest, where rockfall activity has 
been limited to restricted zones ad¬ 
jacent to valley walls or to the upper 
reaches of Miage Glacier. Although a 
large-scale rockfall from near Col du 
Geant could have a devastating effect 
on the several large communities in 
the valley below, the frequency of 
such rockfalls is apparently low, be¬ 
cause only one event of large magni¬ 
tude has occurred in this section of 
the valley during the past 10,000 
years. 

Large rockfall events have been doc¬ 
umented elsewhere in the Alps (Heim 
1932 ; Abele 1974), but many of the 
prehistoric rockfall deposits have 
been regarded as late Pleistocene in 
age and related to deglaciation. Our 
study shows that in the highest part 
of the western Alps, at least, there 
have been numerous events of com¬ 
paratively recent age and that the 
rockfall hazard is much greater than 
is generally appreciated. With an in¬ 
crease in the accumulation of geologic 
data on past rockfall activity, it 
should be possible to assess the de¬ 
gree of risk with greater confidence 
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Figure 8, The distances traveled by giant 
boulders of rockfall origin are shown as a 
function of when they were deposited. Most of 
the giant rockfalls for which we have evidence 
date from the Little Ice Age. 


and to take steps to minimize the ex¬ 
tent to which the human population 
will be affected by future giant rock¬ 
falls. 

Although the potential effects of giant 
rockfalls on permanent settlements 
may be greater in the Alps than in 
many similar but less-densely popu¬ 
lated alpine regions, they are signifi¬ 
cant in other mountain ranges around 
the world that are experiencing a 
comparable increase in recreational 
development and in use by seasonal 
visitors. In the mountainous terrain 


of western United States and Canada, 
central Asia, South America, and 
New Zealand are places that may be 
affected by rockfall activity like that 
documented here. The examples in 
the western Alps make it evident that 
assessment of possible rockfall haz¬ 
ards should be considered in planning 
for long-term land use in alpine re- 
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Thom Pederson 


Messenger RNA Biosynthesis and 
Nuclear Structure 


RNA:protein particles are sites of messenger RNA 
processing in the cell nucleus 




This article concerns an important 
chapter in modern research on the 
structure and function of the cell 
nucleus: the biosynthesis of messen¬ 
ger RNA. The main theme that will 
be developed here is that the pro¬ 
duction of functional mRNA takes 
place in special nuclear particles, in 
which the RNA is intimately com- 
plexed with a unique set of proteins. 
These “ribonucleoprotein” particles 
were first discovered by cytologists 
engaged in microscopic studies of 
large chromosomes. Over the past few 
years, we have developed techniques 
for isolating these particles from the 
cell nucleus, and, employing a variety 
of physical and biochemical tech¬ 
niques, my colleagues and I have 
begun to dissect their molecular 
structure and biological function. Our 
central conclusion is that these 
RNA:protein particles, not “naked” 
RNA molecules, are the native vehi¬ 
cles for mRNA biosynthesis in the 
living cell. The purpose of this article 
is to describe how this conclusion was 
reached, and also to draw attention to 
the experimental promise these par¬ 


ticles hold for gaining further insights 
into the cell biology of mRNA bio¬ 
synthesis. 

As one might expect, a wide variety of 
RNA:protein associations are en¬ 
countered in biological systems. Some 
of the more important of these are 
listed in Table 1. The various RNA: 
protein complexes have little in 
common as regards either the num¬ 
bers and kinds of their protein com¬ 
ponents or their overall supramolec- 
ular structure. In some of the exam¬ 
ples in Table 1, the proteins may have 
primarily a structural role, while in 
others, such as the ribosome, many of 
the proteins are known to be inti¬ 
mately associated with the dynamics 
and functions of the particle in pro¬ 
tein synthesis. The diversity of ri¬ 
bonucleoprotein (RNP) is also re¬ 
flected in the very different ways in 
which these particles and complexes 
have traditionally been studied. For 
example, although the proteimpro- 
tein propinquities and RNA:protein 
contacts in the prokaryotic ribosome 
have been mapped out in consider¬ 
able detail, this aspect of nuclear 
RNP structure is still in a rather em¬ 
bryonic stage of analysis. A repeating 
subunit organization in some, but not 
all, forms of RNP implies the exis¬ 
tence of RNA-binding proteins which 


recognized species of RNA (with the 
exception of transfer RNA) is found 
to be associated with protein. The 
biological rationale for the use by cells 
of RNP rather than naked RNA is of 
course not known, but it is obvious 
thatRNA:protein complexes possess 
greater molecular and topological 
information than their corresponding 
RNAs. In other cases, the question of 
“why RNP?” becomes moot, as when 
the associated proteins are enzymes 
necessary for the very propagation of 
the RNA, e.g. the replicases of RNA 
phages. 

With this brief sketch as a backdrop, 

I will focus in the remainder of the 
article on nuclear RNP particles that 
contain precursors of mRNA. 

Historical perspective 

An important new concept on the 
landscape of chromosome research 
emerged between 1955 and 1960, 
when it became apparent that chro¬ 
mosome structure is related to gene 
action. It was Joseph Gall who noted 
that nascent RNA on amphibian oo¬ 
cyte chromosomes undergoing mei- 
osis was in the form of RNP (Gall 
1955). In the oocytes of many Am- | 
phibia, cartilaginous fish (elasmob- j 
ranchs), and many other animals 1 
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are aligned periodically along the 
polyribonucleotide chain. In other 
cases, such as enzyme:RNA com¬ 
plexes, only a single molecule of pro¬ 
tein may be bound to the RNA. 

The fact that there does not appear to 
be a biologically universal blueprint 
for RNP structure should not, how¬ 
ever, cause one to ignore the impor¬ 
tant principle that RNP, not naked 
nucleic acid, is found to he ihe 1 thick- 
for RNA commerce wherever it is 
examined. In eukaryotic cells, every 


(probably most), the bivalent meiotic 
prophase chromosomes present a 
dramatic morphology in which seg¬ 
ments of DNA in each of the two sis¬ 
ter chromatids are looped out from 
the main chromosomal axis. Since 
these loops are bilateral, the chro¬ 
mosomes have the general appear¬ 
ance of brushes. Such chromosomes 
were termed lampbrush chromo¬ 
somes by analogy with the instru¬ 
ments our forebears employed to 
brush Out the carbon soot from kero- 
sene lamps. 


Table 1. The biological repertoire of ribonucleoprotein 


Ribonucleoprotein 


RNA phages (MS2, R17, Q/I) 


Plant and animal RNA viruses 


Messenger RNA (prokaryotes) 
Messenger RNA (eukaryotes) 


Heterogeneous nuclear RNP particles intermediate (10-30) probably 

Enzyme:RNA complexes (RNAase P, transfer RNA: low (1-7) not known 

aminoacyl-tRNA synthetases, small nuclear RNPs) 

a Approximate number of different proteins comprising a particular RNP particle. 
b This refers only to those proteins in direct contact with the viral RNA, not the entire virus par- 

c The complexity value of 0 refers to the fact that, unlike eukaryotic mRNA, prokaryotic mRNA is 
not isolatable as a ribosome-free mRNP particle having its own proteins. 


Gall’s discovery of RNP on the 
lantpbrush chromosome lateral loops, 
the comprehensive extension of these 
observations by Callan and Lloyd 
(1960), and the demonstration by 
Gall and Callan (1962) that the RNP 
contained newly synthesized RNA 
were the key steps leading to the 
concept that the extended loops and 
their associated RNP represent genes 
in action. This work therefore pro¬ 
vided the first clear evidence that the 
nuclear products of gene transcrip¬ 
tion are not simply “naked” RNA but 
RNA:protein complexes. 

The first attempt to isolate these 
RNP particles from cell nuclei was 
made by G. P. Georgiev and his col¬ 
leagues in Moscow (published ini¬ 
tially in the Soviet literature in 1965 
and then in the more widely read 
journal of Molecular Biology in 
1968). They showed that if nuclei 
from rat liver or Ehrlich ascites tumor 
cells were simply incubated at 4°C in 
a salt solution buffered at pH 8, most 
of the newly synthesized RNA was 
released from the nuclei in the form 
of RNP particles, which could then be 
recovered from the supernatant fluid 
after sedimenting the extracted nuc¬ 
lei in a centrifuge. Unfortunately, 
however, these particles were small, 
degraded structures containing only 
fragments of RNA, due to the action 


of endogenous nucleases during the 
extraction. Ironically, it was this very 
nuclease action that cut the nuclear 
particles into fragments that could 
freely pass through the nuclear 
membrane, Thus, the degraded state 
of the extracted particles was the 
price paid for their isolation. 

The small, degraded nuclear RNP 
particles described by Georgiev (Sa- 
marina et al. 1968) were received with 
skepticism in the United States. This 
was due in part to their small size, but 
was even more the result of an im¬ 
portant set of experiments published 
earlier, in 1966, by Marc Girard and 
David Baltimore, then working at the 
Salk Institute in La Jolla, California. 
They showed that when deprotein- 
ized RNA of any source, such as pol¬ 
iovirus RNA, was added to a cyto¬ 
plasmic extract of human tissue cul¬ 
ture cells, proteins became tightly 
stuck onto the RNA, as revealed by 
accelerated sedimentation of the 
added RNA when centrifuged. 

Naturally enough, the illumination of 
this artifact had a strong impact. 
RNP particles of all kinds, regardless 
of their biological source or method of 
isolation (ribosomes were an excep¬ 
tion), soon became the subjects of 
scrutiny at best or nonexperimental 
derision at worst, and the nuclear 


RNP particles extracted by Georgiev 
were no exception. Thus, although no 
laboratory came forth with direct 
evidence that Georgiev’s particles 
were a result of nonspecific RNA: 
protein association (and we now know 
they are not), it can nevertheless be 
seen that conditions were not espe¬ 
cially hospitable for their reception, 
This then was the somewhat uncer¬ 
tain climate that prevailed when we 
began our work on nuclear RNP 
particles at the Worcester Founda¬ 
tion for Experimental Biology in 
1972. 

A new approach to 
biochemical isolation 

In 1971 and 19721 had been studying 
the relationship between the cell di¬ 
vision cycle and the structure of 
chromatin, which is the biochemist’s 
name for the interphase chromosome 

(Pederson 1972; Bhorjee and Peder¬ 
son 1972), For technical reasons, I had 
decided to isolate chromatin (a com¬ 
plex of DNA, histones, and various 
other proteins) not by the then-rou¬ 
tine procedures which had been de¬ 
veloped at Caltech by the plant bio¬ 
chemist James Bonner, but instead 
by fractionating the components of 
the cell nucleus by differential cen¬ 
trifugation strategies, in much the 
same way a generation of cell biolo¬ 
gists before me had been fractionat¬ 
ing the major organelles of the cyto¬ 
plasm. The approach was to disrupt 
the nucleus mechanically (just as one 
homogenizes cells or tissue) and then 
to resolve the released structures ac¬ 
cording to intensive physical prop¬ 
erties such as their mass. I was guided 
in this undertaking by a seminal 
paper on the fractionation of guinea 
pig liver nuclei published by George 
Palade and his colleagues in 1963 
(Maggio et.al. 1963), This important 
paper paved the way for us to sepa¬ 
rate out nucleoli, chromatin, and the 
RNP particles that are the subject of 
this article. 

Figure 1 outlines the procedure by 
which we were able to isolate RNP 
particles. Following mechanical dis¬ 
ruption of nuclei, in our case by a very 
brief (5-10 seconds) pulse of ultra¬ 
sound, the largest structures released 
are the nucleoli (sites of ribosome 
synthesis), which are removed by 
low-speed centrifugation through a 
30% sucrose solution, while the 
smaller chromatin fibrils and RNP 
particles do not sediment into the 
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fMli RNPand 
. chromatin 


sucrose, The nonsedimentable ma~ C 

terial is layered on top of a 15-30% 
linear sucrose gradient, and specific 
conditions of centrifugation were . 

devised to separate the chromatin " 

and RNP particles. Under these o?uitr£ound 
conditions, the great majority of the 
chromatin sediments into a pellet at 
the bottom of the tube, while most of r 

the RNP particles remain in the gra¬ 
dient, where they are resolved into a 
heterogeneous population due to 
their overlapping range of sizes. Sol¬ 
uble nuclear proteins and nuclear 
.membrane vesicles remain at the very 
top of the gradient and can easily be 
taken off before collecting the desired 
RNP particles. The sucrose gradient 
separation of the chromatin and RNP 
particles is monitored by following 
the distribution of radioisotopically 
labeled DNA (e.g. 14 C-thymidine) , 
and RNA (e.g, 3 H-uridine) and by 
studying their respective protein (4,50o75rnin) 
compositions. Treatment of the ma¬ 
terial with ribonuclease before gra¬ 
dient analysis shifts the RNA and its 
associated proteins to the top of the 
gradient in the form of small RNP 

fragments of a size not unlike the de¬ 
graded structures originally isolated 
by Georgiev. This experiment indi¬ 
cates that the rapidly sedimenting 
particles are RNA-dependent struc¬ 
tures. 1 


The gradient distribution shown at iras: 

| the bottom right of Figure 1 is the SSfea 1g 

profile of radiolabeled RNA-con- 
taining structures. Of course, it was 
possible that there were numerous 8Ucrose 

other kinds of particles present in this gradient 

region of the gradient as well, which, 
if devoid of RNA, would not be ap¬ 
parent in the labeled RNA profile. 3 ° 

Examination of the gradient fractions 11 

in the electron microscope, however, 
revealed the presence of particles ( 40 , 000 * 1 ? trsj 

having an ultrastructural appearance r- 

identical to the nascent and extra- A . 

chromosomal RNP particles that had ; ^ ' 

been observed in situ in earlier stud- 
ies on sectioned nuclei (Kish and 
Pederson 1978), Moreover, when the ffeff... 

RNP particles were treated with ri- ! 1 

bonuclease and then centrifuged as in .<$0. 

Figure 1, all protein was eliminated V,~ v > 

from the region of the gradient where f chr 

the particles normally sediment. This collect fractions | 

result, and the electron microscopy RNP particles ( 

findings, indicate that there are not 1 

substantial amounts of non-RNP PI HI PI P 

structures in the gradient. ‘ 

Having worked out this basic isola- W \J W W 

lion strategy (Pederson 1974a), we .. . 


conducted a set of experiments to 
identify the nature of the particles’ 
RNA and protein components and, 
importantly, to examine critically 
their authenticity. However, to pro¬ 
vide a clear perspective for these ex¬ 
periments, I must first digress and 
consider the nature of nuclear RNA 
transcripts of structural genes, which 
have come to bear the rather un¬ 
wieldy name of “heterogeneous nu¬ 
clear RNA.” 

What is heterogeneous 
nuclear RNA? 

Although the role of the cell nucleus 
in RNA biosynthesis was established 
by cytological techniques in the 
1950s, it was not until the early 1960s 
that biochemical experiments on the 
biosynthesis and metabolism of nu¬ 
clear RNA were begun. These were 
greatly facilitated by the use of tissue 
culture cells, which can be labeled 
with radioisotopes, harvested, and 
fractionated with much greater ease 
than whole animal tissue. Two pi¬ 
oneers in the study of RNA biosyn¬ 
thesis in cultured animal cells were 
James Darnell and Robert Perry, 
both of whom initially studied the 
nuclear synthesis of ribosomal RNA. 
Shortly thereafter, Darnell and his 
associates Klaus Scherrer and Harriet 
Latham noted the presence of a non- 
ribosomal, high-molecular-weight 
fraction of nuclear RNA. In contrast 
to the nuclear precursors of ribosomal 
RNAs, which are of discrete size, this 
other rapidly labeled nuclear RNA 
fraction was very heterogeneous in 
size when displayed in a sucrose gra¬ 
dient, earning it the dubious name 
heterogeneous nuclear RNA, or 
hnRNA for short. Additional work 
soon revealed that hnRNA had a base 


Figure 1. Ribonucleoprotein (RNP) particles 
are isolated from nuclei by the procedure di¬ 
agrammed here. The gradient profile below 
shows the distribution of RNP particles in the 
sucrose gradient. The method is based upon 
earlier studies by Palade on guinea pig nuclear 
fractionation (Maggio et al, 1963). 
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has recently been shown by Kinni- 
burgh and Ross (1979) that a single 
3 ' intervening sequence can be removed 
from the RNA transcript stepwise in 
two separate segments, rather than 
being excised all at once in a single 
piece (see segments a and b in Fig. 2). 
When these features of bighting and 
splicing are added to the fact that 
different genes have greatly varying 
numbers of intervening sequences, 
from as few as one up to as many as 
fifty, then it emerges that, even for a 
single gene, the number of possible 
splicing intermediates is large. Thus, 
the fact that the primary gene tran¬ 
scripts of a cell, and all their spliced 
descendants, are extremely hetero¬ 
geneous in size becomes very easy to 
understand. 


completely processed mRNA 

Figure 2. In the RNA transcript of a represen- the transcript, and the mRNA segments are 
tative eukaryotic gene, the sequences corre- fused by the formation of new phosphodiester 
spending to mRNA (color) are separated by bonds, a process that has come to be known as 
“intervening” sequences (black), The inter- “splicing." This explains the existence ofhet- 
vening sequences are sequentially excised from erogeneous nuclear RNA, 


composition similar to bulk DNA, 
which, in combination with its rapid 
synthesis and short metabolic life¬ 
time, gave rise to the idea that 
hnRNA might be a biosynthetic pre¬ 
cursor to cytoplasmic mRNA 
(.Scherrer etal. 1963). Several years of 
research on the chemistry, metabo¬ 
lism, and sequence composition of 
hnRNA have now demonstrated that 
this hypothesis is correct. 

Throughout this period, however, one 
nagging question persisted: why are 
hnRNA molecules generally so much 
larger than the finished mRNA 
present in the cytoplasm? The pre¬ 
vailing view was simply that the DNA 
units responsible for transcription of 
an hnRNA molecule are larger than 
mRNA, and that the initial hnRNA 
transcript is therefore subsequently 
“trimmed down” to mRNA size. Of 
course, this is, merely a restatement of 
the problem, not an answer. In re¬ 
trospect, those of us who work in this 
field realize that the struggle to un¬ 


derstand why hnRNA is larger than 
mRNA cost a great deal of frustrated 
effort. In the end, the answer was a 
complete surprise, Molecular biolo¬ 
gists studying the sequence organi¬ 
zation of defined genes cloned by re¬ 
combinant DNA techniques discov¬ 
ered that genes are split up into seg¬ 
ments that code fo'r mRNA, sepa¬ 
rated by nonmessenger “intervening” 
DNA sequences (see, for example, the 
article by S. J. Flint, American Sci¬ 
entist, May-June, 1979). 

This discovery changed forever our 
picture of the gene. It also immedi¬ 
ately crystallized the solution to the 
puzzle of hnRNA. Very soon after the 
discovery of intervening sequences, it 
was found that transcription proceeds 
continuously through both the mes¬ 
senger and intervening sequences of 
a given transcription unit, producing 
one long, mosaic RNA, from which 
the intervening sequences are subse¬ 
quently excised and the messenger 
regions fused (Fig. 2). In addition, it 


As can be seen from this brief histor¬ 
ical review, research in the late 1960s 
and early 1970s provided a growing 
catalog of criteria by which hnRNA 
could be identified. By all of these 
criteria, the RNA component of the 
nuclear RNP particles isolated as 
shown in Figure 1 proved to be 
hnRNA as we know it. These criteria 
include its molecular size, kinetics of 
synthesis and turnover, sensitivity to 
specific inhibitors of hnRNA syn¬ 
thesis, and content of specific marker 
sequences such as poly(A), oligo(A), 
oligo(U), and double-stranded re¬ 
gions (Pederson 1974a; Kumar and 
Pederson 1975; Firtel and Pederson 
1975; Kish and Pederson 1975,1977; 
Calvet and Pederson 1977, 1978, 

1979) . In addition, more recent ex¬ 
periments, described later in this ar¬ 
ticle, show that these particles con¬ 
tain nuclear precursors of defined 
mRNAs. Therefore, since the RNA 
component of these nuclear RNP 
particles is hnRNA according to all 
criteria, we have named them hnRNP 
particles. 

The proteins of hnRNP 

Like most other cellular organelles, 
hnRNP particles contain a frustrat¬ 
ing^ large number of protein com¬ 
ponents (Pederson 1974a, b; Kish and 
Pederson 1978; Pederson and Davis 

1980) . However, a substantial fraction 

of the particles’ protein mass consists 
of a relatively simple set of proteins 
having molecular weights between 
34,000 and 40,000, which, by virtue of 
their abundance, are now considered 
to be the cornerstones of hnRNP 
structure. They have been nicely 
characterized by Ann Beyer, Mark 
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Christensen, Barbara Walker, and 
Wallace LeStourgeon at Vanderbilt 
University (1977) and by Jonathan 
Kara, Giorgio Vidali, Lydia Boffa, 
and Vincent Allfrey at Rockefeller 
University (1977). 

These proteins possess the hallmarks 
of a family of chemically closely re- \ 
lated proteins, which may interact . 
with one another to form core parti¬ 
cles in the same way that histones 
form heterotypic protein;protein 
complexes in chromatin (Pederson 
1978). They also contain the unusual 
amino acid N,N'-dimethylarginine, 
which could prove to be a very useful 
diagnostic marker for these proteins, 

By electrophoretic criteria, the major 
hnRNP proteins of 34,000-40,000 
molecular weight appear to be highly 
conserved phylogenetically, as one 
might expect, Recently, antibodies for 
the major hnRNP proteins have been 
prepared by T. E, Martin of the Uni¬ 
versity of Chicago (Jones et al. 1980), 
and these will undoubtedly prove to 
be extremely useful reagents for an¬ 
alyzing their structure, synthesis, and 
metabolism. 

Before our work on hnRNP could 
move forward, we had to be confident 
that these nuclear particles were not 
merely the same kind of nonspecific 
RNA:protein complexes which Girard 
and Baltimore had shown can form 
when naked RNA is mixed with 
cytoplasmic protein. We performed 
a variety of reconstruction experi¬ 
ments in which protein-free, naked 
hnRNA was radioactively tagged and 
added to nuclei before or after their 
disruption and fractionation. We then 
asked whether or not the added “test 
RNA” had been converted into par¬ 
ticles by virtue of its nonspecific in¬ 
teraction with nuclear proteins. These 
experiments have been performed 
using trace amounts of radioactive 
hnRNA so that if nonspecific RNA: 
protein complexes do form, they will 

involve a large and thus easily de¬ 
tectable fraction of the test RNA, 
since the reaction is being “driven” by 
a great excess of nuclear material. (If,. 
instead, a large excess of labeled RNA 
were added to a minute amount of 
nuclear material, the formation of 
nonspecific complexes would be lim¬ 
ited by the small supply of nuclear 
protein, and the resulting conversion 
of only a few percent of the labeled 
RNA into particles could be easily 
missed.) In all of these reconstruction 
experiments, the outcome has been 


Figure 3. The density of hnRNP particles can 
be determined by equilibrium centrifugation 
in cesium sulfate. The density reflects the rel¬ 
ative amounts of RNA and protein in the par¬ 
ticles. 
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Figure 4. Photochemical cross-linking has 
demonstrated that nuclear RNA is in direct 
contact with nuclear protein, The ability of 
ultraviolet light (wavelength = 254 nm) to 
catalyze covalent bond formation between 
RNA and any closely associated proteins has 
provided the basis for establishing the in vivo 
reality of hnRNP particles, 


consistent: artificial RNA:protein 
complexes having the properties of 
endogenous hnRNP do not form. 
This is shown by the fact that when 
the test RNA is added to nuclei either 
before or after their disruption, it re¬ 
tains its normal sedimentation rate 
through a sucrose gradient, rather 
than forming more rapidly sedi¬ 
menting RNP structures. A second 
and even more sensitive approach has 
been to use nucleases to examine the 
extent to which the added RNA 
combines with nuclear proteins that 
protect it from nuclease attack. Once 


again, the outcome is that the added 
“probe” RNA remains nuclease-sen¬ 
sitive, while RNA in the endogenous, 
1 native RNP particles is highly pro- 
: tected from digestion by nuclease (e.g. 

• Pederson and Davis 1980). 

: These nuclear reconstruction exper¬ 
iments have now been performed 
during RNP particle isolation in a 
variety of cells, including slime mold 
amoebae (Firtel and Pederson 1975), 
sea urchin embryos (Wilt et al. 1973), 
and both human and mouse tissue 
culture cells (Pederson 1974a; Ped¬ 
erson and Davis 1980). In all cases, 
the failure of the added RNA to form 
RNP particles argues against the ex¬ 
istence of a soluble “pool” of RNA- 
binding proteins in the nucleus. This 
is in marked contrast to the results 
obtained when the same kind of 
mixing experiment is performed with 
a cytoplasmic fraction, as in the Gi- 
rard-Baltimore experiments dis¬ 
cussed earlier. It is a fascinating fact 
that, in growing cells, the proteins 
required for assembly of new hnRNP 
particles are delivered from the 
cytoplasm into the nucleus in pre¬ 
cisely the needed amounts, so that an 
excess “pool” of soluble hnRNP pro¬ 
teins never accumulates. How this 
delivery is so finely tuned is an in¬ 
triguing question that richly deserves 
further study. 

In addition to the outcome of these 
mixing experiments, several other, 
independent lines of evidence point 
to the reality of hnRNP particles. One 
is their resistance to dissociation in 
high salt concentrations. The non¬ 
specific cytoplasmic RNP complexes 
described by Girard and Baltimore 
begin to dissociate in 0.15M Nall], 
However, as shown in Figure 3, when 
hnRNP particles are centrifuged in a 
cesium sulfate density gradient, they 
band at a density of 1.33 g/enp, rep¬ 
resenting a fairly high salt concen¬ 
tration (approximately 1M C^Sth). 
For purposes of comparison, it is in¬ 
teresting to note that cytoplasmic ri¬ 
bosomes cannot withstand a similar 
cesium sulfate banding experiment 
and are totally stripped into naked 
RNA and free protein unless first 
cross-linked by aldehyde fixation. 
Thus, a known, authentic RNP par- 
ticle—the ribosome-is far less stable 
m high salt than is hnRNP. Again, 
thisargues strongly for the realitvof 
hnRNP. 

The most convincing argument for 
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the biological reality of hnRNP par¬ 
ticles comes from recent photo¬ 
chemical cross-linking experiments 
conducted in our laboratory by San¬ 
dra Mayrand, who has shown that 
these nuclear particles exist in intact, 
living ceils. Her experiments have 
exploited the fact that far ultraviolet 
light having a wavelength of 254 nm 
specifically cross-links proteins to 
nucleic acid. There are three impor¬ 
tant advantages of this procedure for 
mapping RNP structure. First, 
RNA:protein cross-links are formed 
only with proteins that are in direct, 
intimate contact with the RNA, i.e. 
the effective cross-linking radius is 
essentially zero. This means that in 
order to be scored, proteins must ac¬ 
tually be complexed with the RNA, 
not merely “nearby.” Second, the 
resulting RNA:protein cross-links are 
covalent, which means that such 
particles can be subjected to rigorous 
salt and detergent extractions to elute 
any non-cross-linked proteins. But by 
far the most important attribute of 
the photochemical cross-linking ap¬ 
proach is that it can be used with in¬ 
tact, living cells. This is because ul¬ 
traviolet light can, at sufficient doses, 
penetrate deeply into biological 
structures. 

The results of our experiments, il¬ 
lustrated in Figure 4, have established 
that hnRNA is in direct contact with 
nuclear protein in living HeLa cells. 
The in vivo cross-linked hnRNP has 
the same sedimentation behavior, 
cesium sulfate buoyant density (i.e. 
RNA: protein mass ratio), and nucle¬ 
ase digestion profile as the usual (i.e. 
non-cross-linked) hnRNP particles. 
Thus, by all criteria, the in vivo 
cross-linked hnRNP particles are the 
same as those normally isolated, and 
we therefore conclude that the latter 
are native structures. 

Nonrandom organization 
of proteins in hnRNP 

An important advance in under¬ 
standing hnRNP structure has been 
the demonstration that proteins are 
distributed nonrandomly in these 
particles (Kish and Pederson 1975; 
Firtel and Pederson 1975; Calvetand 
Pederson 1978). Thus, the nucleo- 
protein structure of hnRNP is highly 
ordered. Here I briefly review how we 
reached this conclusion. 

We began by asking whether the set 
of hnRNP proteins bound to a par- 
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Figure 5. A specific protein is bound to poly (A) 
in hnRNP particles. Ribonuclease digestion 
cuts the hnRNP particle into fragments, while 
the poly(A) is nuclease-resistant. The poly(A): 
protein complex contains regions in which the 
poly(A) is free of protein, and it can therefore 
be purified from the total digest by passage 
over a poly(U) column, where it is selectively 
retained due to A:U base pairing. After elution, 
the poly(A):protein complex is dissociated, and 
the protein is analyzed by electrophoresis. 


ticular hnRNA nucleotide sequence 
is complex or simple. Soon after their 
synthesis, many hnRNA molecules 
are post-transcriptionally modified at 
their 3'-0H terminus by the addition 
of a “tail” of polyadenylate, or 
poly(A). Since poly(A) is abundant 
and easy to isolate, it constitutes an 
ideal landmark structure to explore as 
nucleoprotein in hnRNP. We found 


that a specific protein is bound to 
poly(A) in hnRNP (Kish and Peder¬ 
son 1975; Firtel and Pederson 1975). 
This was discovered by digesting 
hnRNP with ribonucleases under 
conditions in which the poly(A) is 
nuclease-resistant. As shown in Fig¬ 
ure 5, recovery of the poly(A) and 
electrophoretic analysis of its associ¬ 
ated protein revealed a single species 
of 74,000 molecular weight. Thus, it 
emerged that the 3'-OH poly(A) 
“tail” of hnRNA is complexed with a 
unique protein, rather than the di¬ 
verse, total hnRNP protein popula¬ 
tion. Although this protein is bound 
to poly(A) in cytoplasmic mRNA of 
the same cells (Kish and Pederson 
1976) and may therefore have a 
function in messenger translation, its 
addition to the hnRNA at an early 
stage of assembly suggests that it 
plays an important role as well in the 
nuclear stages of mRNA processing, 
perhaps by stabilizing hnRNA folding 
and secondary structure (Kish and 
Pederson 1977). 

Another useful landmark in hnRNA 
is the base-paired, double-stranded 
RNA that forms due to the tran¬ 
scription into hnRNA of “inverted- 
repeat” sequences in the DNA (Cal- 
vet and Pederson 1977). As Figure 6 
shows, an inverted repeat is a pair of 
nucleotide sequences that have the 
same chemical polarity (e.g. going 
from 5' to 30 but are present on op¬ 
posite strands of the DNA double 
helix and thus appear to be inverted 
when viewed in the duplex molecule 
as a whole. In those cases where an 
inverted repeat occurs inside a single 
transcription unit, the resulting 
transcript contains a self-comple¬ 
mentary RNA sequence that forms a 
thermodynamically favored, intra¬ 
molecular double-stranded structure. 
Because these hnRNA double- 
stranded regions are resistant to ri¬ 
bonuclease, they can be readily iso¬ 
lated and examined with respect to 
their associated proteins. 

In contrast to the case for poly (A) 
described above, the surprising find¬ 
ing was that double-stranded hnRNA 

regions are not complexed with any 
protein at all in hnRNP (Calvet and 
Pederson 1978). This is true even if 
one first stabilizes the particles by 
formaldehyde fixation to prevent loss 
of any proteins from the double- 
stranded RNA regions during their 
isolation. The absence of proteins 
from the double-stranded regions of 
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hnRNP was also demonstrated by 
nuclease digestion experiments, 
which revealed that a double- 
stranded RNA-specific ribonuclease 
{E. coli RNAase III) digested them at 
comparable rates in hnRNP particles 
and in naked hnRNA. In contrast, the 
use of other ribonucleases showed 
that the single-stranded regions of 
hnRNA are protected from nuclease 
attack in the hnRNP particle (Calvet 
and Pederson 1978). 

This set of experiments suggested 
that the nucleoprotein structure of 


mRNA sequences in 
hnRNP 

Adult vertebrate hemoglobin is a 
tetrameric protein composed of two 
chains each of a- and /3-globin. The 
genes for a- and /3-globin have been 
characterized in detail in mouse, 
rabbit, and humans. For our experi¬ 
ments on /3-globin mRNA sequences 
in hnRNP particles, it was desirable 
to use a system that combined high 
levels of globin gene expression with 
the advantages of cultured cells for 
radioisotopic labeling and cell frac¬ 


DNA 

5'-CGATTCGATACC.GGTATCGAATCG-3' 

3'-GCTAAGCTATGG.CCATAGCTTAGC-5' 
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Figure 6. An inverted repeat DNA sequence is tion of a DNA segment containing an inverted 
a nucleotide sequence that reads identically in repeat produces an RNA that can form an in- 
a given chemical polarity (e.g. 5' -> 3') but is tramolecular double-stranded region, which 
present on opposite DNA strands, Transcrip- may be important in hnRNA processing. 


hnRNP is nonrandom and that there 
are domains in which the hnRNA is 
complexed with protein to different 
extents. This insight led us to exam¬ 
ine the nucleoprotein structure of 
another class of hnRNA se¬ 
quences—those which are the pre¬ 
cursors of functional, cytoplasmic 
mRNA, Because it is one of the most 
well-understood cellular genes, we 
elected to examine the nucleoprotein 
structure of hnRNP particles con¬ 
taining transcripts of the mouse 
/3-globin gene. To do so, however, re¬ 
quired a departure from the cultured 
HeLa cell system we had been using 
for most of the research described 
above. 


tionation. We therefore chose cul¬ 
tured mouse cells transformed by 
Friend erythroleukemia virus, -or 
“Friend cells” as they have come to be 
known. These cells have a 9-10 hour 
doubling time in culture and can be 
labeled and fractionated as readily as 
HeLa or any other routinely cultured 
mammalian cell. 

The more important point for our 
experiments, however, is thefactthat, 
when exposed to specific “inducers” 
such as dimethylsulfoxide, Friend 
cells undergo an erythroid cytodif- 
ferentiation that closely resembles 
the normal process of erythropoiesis 
in vivo. The cells stop dividing and 


synthesize very large amounts of «• 
and /3-globin mRNA, heme, and he¬ 
moglobin protein; they also display 
several other hallmarks of erythroid 
cytodifferentiation, including red 
blood cell-specific membrane mark¬ 
ers like transferrin receptors and 
spectrin. The time course of ery¬ 
throid cytodifferentiation can easily 
be monitored by means of staining 
the cells with benzidine, which is 
specific for hemoglobin-containing 
cells. 

The isolation of hnRNP particles 
from induced Friend cells proved to 
require only slight modifications of 
our standard procedures. In fact, 
Nicholas Davis and I found that 
hnRNP particles could be isolated 
from induced Friend cells in even 
higher purity than is usually possible 
in HeLa cells due to the ease of re¬ 
moving the condensed, rapidly sedi¬ 
menting Friend cell chromatin before 
the final hnRNP sucrose gradient 
step. We then investigated the puri¬ 
fied particles with respect to their 
RNA and protein components and 
determined that, once again, the 
RNA in the particles was hnRNA, by 
the same criteria described earlier iii 
this article. In addition, the protein 
composition, resistance to (!s ;J S0., 
banding, density, and nuclease di¬ 
gestion profile of the isolated Friend 
cell hnRNP particles all recapitulated 
the comparable properties of HeLa 
cell hnRNP. However, as indicated 
above, our main objective now was to 
analyze globin mRNA sequences in : 
these particles. 

The Watson-Crick principles of nu¬ 
cleic acid base-pairing, A with T (or l! 
in RNA) and G with C, are now fa¬ 
miliar to most everyone. What may be 
less familiar is the fact that the free 
energy of base-pairing is high, so that i 
when a reasonably long stretch of 
base complementarity exists between 
two nucleic acid molecules, this con- ■ 
stitutes a very strong chemical affin¬ 
ity that is extremely specific under 
the appropriate solvent conditions, H 
including salt concentration and A 
temperature. 

The ability of two complementary jjr 
strands of DNA and/or RNA to find \ 
one another in a complex, heteroge- r 
neous nucleic acid sample is a strik- j 
ingly dramatic phenomenon. Nucleic ; 
acid base complementarity is the : 
basis of all current methods for mea¬ 
suring DNA and RNA sequence | 
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complexity, homology, and concen¬ 
tration (e.g. Holland etal. 1980). 

As a reagent for detecting /3-globin 
mRNA, we used a fragment of mouse 
DNA containing the /3-globin gene, 
which had been cloned in bacterio¬ 
phage X by Philip Leder and his col¬ 
leagues at the National Institutes of 
Health (Tilghman et al. 1977). Figure 
7 illustrates the structure of this 



cloned DNA. It can be seen that the 
gene is composed of three mRNA- 
coding segments, created by the 
presence of two intervening se¬ 
quences. Subsequent work by Leder’s 
group (Tilghman et al. 1978), and the 
laboratories of Jerry Lingrel at the 
University of Cincinnati (Smith and 
Lingrel 1978) and Jeffrey Ross at the 
University of Wisconsin (Kinnihurgh 
etal. 1978), has shown that the entire 
/3-globin gene including both the 
coding and noncoding regions is cop¬ 
ied by RNA polymerase into a single, 
long transcript. This transcript is 
known as the 15S /3-globin mRNA 
precursor, on the basis of its size in 
sucrose gradient velocity sedimenta¬ 
tion analyses. The intervening se¬ 
quences are subsequently excised 
from the transcript, and the three 
coding sequences are then spliced 
together to form the mature mRNA 
for /3-giobin (see Fig. 2). 

When a H-uridine-labeled, depro- 
teinized RNA from Friend cell 
hnRNP particles was tested with 
cloned /3-globin DNA, it was found 
that the hnRNA in these particles 
contained newly synthesized tran¬ 
scripts of the /3-globin gene. The size 
of the /3-globin gene transcripts in 


Figure 7. A fragment of mouse DNA containing 
the /3-globin gene was ligated into the chro¬ 
mosome of bacteriophage A by P. Leder and 
colleagues (Tilghman et al. 1977). The upper 
diagram shows the 7,000 base-pair insert of the 
mouse DNA flanked by the A DNA. The lower 


transcripts, the RNA-tagged paper 
was hybridized with radioactive 
cloned /3-globin DNA and placed 
under x-ray film to detect the sites of 
hybridization. As shown in diagram¬ 
matic form in Figure 8, two distinct 
size classes of /3-globin RNA were 
detected. The larger corresponds to 
the 15S, pre-spliced /3-globin mRNA 
precursor, and the smaller is the 
post-spliced 9S /3-globin mRNA. The 
fact that the hnRNP population 
contains both an mRNA precursor 
and its product demonstrates these 
particles to be sites of mRNA pro¬ 
cessing and splicing. 

These results therefore establish, for 
the first time, that the nuclear tran¬ 
scripts of a specific, well-defined cel- 


diagram illustrates the /J-globm gene in detail. 
Two intervening sequences, 116 and 653 nu¬ 
cleotides in length, separate the mRNA-coding 
region of the gene into three discontinuous 
segments, “Cap site” refers to the transcription 
initiation point. 


lular gene can be isolated in an RNP 
particle. They also show that this 
RNP structure persists throughout 
mRNA splicing in the nucleus. How¬ 
ever, the overall ribonucleoprotein 
structure of the hnRNP particle 
probably changes significantly during 
mRNA processing, and we and other 
laboratories are currently investi¬ 
gating this possibility. 

Thus it is now possible to work with 
covalently intact, pre-spliced and 
post-spliced transcripts of a well- 
defined cellular gene at the RNP level 
of organization. Several laboratories, 
including ours, are now actively 
pursuing the use of these hnRNP 
particles as attractive vehicles for 
studying mRNA processing, espe- 


hnRNP was determined by fraction¬ 
ating the deproteinized, particle- 
derived RNA by electrophoresis 
under denaturing conditions that 
eliminate intermolecular entangle¬ 
ment of RNA, so that each molecule 
migrates as an individual entity in the 
electrophoretic field (Fig. 8). After 
separation, the RNA was transferred 
from the electrophoresis medium (an 
agar gel) onto chemically activated 
paper to which RNA rapidly and ef¬ 
ficiently binds covalently. The result 
is a direct physical transfer of the 
RNA molecules from the gel to the 
paper, thereby retaining the charac¬ 
teristic electrophoretic positions of 
the molecules. 

To locate within this heterogeneous 
population of RNA those specific 


Figure 8. To examine the presence of/3-globin 
mRNA sequences in hnRNP particles, RNA 
was extracted fromFriend erythroleukemia cell 
hnRNP particles and separated by electro¬ 
phoresis in an agarose gel. The RNA molecules 
were then transferred and covalently bound to 


-.158 

(pre-spliced 
mRNA precursor) 


devised by James Alwine, David Kemp, and 
George Stark at Stanford University. The 
paper is therefore a direct replica of the initial 
position of RNA molecules in the gel. By ex¬ 
posing the paper-bound RNA to radioactive 
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daily splicing, at a level of organiza¬ 
tion that lies at the interface between 
solution biochemistry and cellular 
biology. Our objective is to use this 
“solid phase” approach to gain in¬ 
formation on mRNA conformation 
and processing that is lost in the case 
of extracted, deproteinized RNA, and 
which is experimentally inaccessible 
in the living cell. 

References 

Beyer, A, L„ M. E, Christensen, B, W. Walker, 
and W. M, LeStourgeon, 1977. Identification 
and characterization of the packaging pro¬ 
teins of core 40S hnRNP particles, Cell 11: 
127-38. 

Bhorjee, J. S., and T, Pederson. 1972. Non¬ 
histone chromosomal proteins in synchro¬ 
nized HeLa cells. PNAS 69:3345-49, 

Callan, H. G., and L. Lloyd. 1960, Lampbrush 
chromosomes of crested newts Triturus 
cristatus (Laurenti). Phil. Trans. Roy. Soc, 
Load., Series B, 243:135-219. 

Calvet, J. P., and T, Pederson. 1977, Secondary 
structure of heterogeneous nuclear RNA: 
Two classes of double-stranded RNA in na¬ 
tive ribonucleoprotein, PNAS 74:3705-09. 

- 1978. Nucleoprotein organization of 

inverted repeat DNA transcripts in hetero¬ 
geneous nuclear RNA-ribonucleoprotein 
particles from HeLa cells, J. Molecular Biol. 
122:361-78, 

- 1979. Heterogeneous nuclear RNA 

double-stranded regions probed in living 
HeLa cells by cross-linking with the psoralen 
derivative aminomethyltrioxsalen, PNAS 
76:755-59. 

Firtel, R. A„ and.T, Pederson, 1975. Ribonu¬ 
cleoprotein particles containing heteroge¬ 
neous nuclear RNA in the cellular slime 
mold, Diclyostelium discoideum. PNAS 
72:301-05, 

Gall, J. G, 1955. On the submicroscopic struc¬ 
ture of chromosomes, Brookhauen Symposia 
on Biology 8:17-32. 

Gall, J. G., and H, G, Callan. 1962, 3 H-uridine 
incorporation in lampbrush chromosomes. 
PNAS 48:562-70. 

Girard, M,, and D, Baltimore, 1966, The effect 
of HeLa cell cytoplasm on the rate of sedi¬ 
mentation of RNA. PNAS 56:999-1002, 

, Holland, C, A,, S. Mayrand, and T. Pederson. 
1980. Sequence complexity of nuclear and 
messenger RNA in HeLa cells. J. Molecular 
Biol. 138:755-78. , 

Jones, R, E,, C. S. Okamura, and T, E, Martin. 
1980. Immunofluorescent localization of the 
proteins of nuclear ribonucleoprotein com¬ 
plexes, J, Cell Biol. 86:235-43, 

Karn, J., G. Vidali, L. C, Boffa, and V, G, All-' 
frey, 1977, Characterization of the non-his¬ 
tone nuclear proteins associated with rap¬ 
idly-labeled heterogeneous nuclear RNA, J. 
Biol. Chem. 252:7307-22, 

Kinniburgh, A, J„ and J, Ross, 1979. Processing 
of the mouse (3-globin mRNA precursor: At 
least two cleavage-ligation reactions are 
necessary to excise the larger intervening 
sequence. Cell 17:915-21. 

Kinniburgh, A. J., J. E, Mertz, and J. Ross. 
1978, The precursor of mouse (3-globin 
messenger RNA contains two intervening 
RNA sequences. Cell 14:681-93. 


Kish, V., and T. Pederson. 1975. Ribonucleo¬ 
protein organization of polyadenylate se¬ 
quences in HeLa cell heterogeneous nuclear 
RNA. J. Molecular Biol 95:227-38. 

- 1976. Poly(A)-rich ribonucleoprotein 

complexes from HeLa cell messenger RNA. 
J. Biol. Chem. 251:5888-94. 

- 1977, Heterogeneous nuclear RNA 

secondary structure: Oligo(U) sequences 
base-paired with poly(A) and their possible 
role as binding sites for heterogeneous nu¬ 
clear RNA-specific proteins, PNAS 74: 
1426-30. 

-1978. Isolation and characterization of 

ribonucleoprotein particles containing het¬ 
erogeneous nuclear RNA, Methods in Cell 
Biol. 17:377-99. 

Kumar, A., and T, Pederson. 1975, Comparison 
of proteins bound to heterogeneous nuclear 
RNA and messenger RNA in HeLa cells, J. 
Molecular Biol. 96:353-65. 

Maggio, R., P, Siekevitz, and G, E. Palade. 
1963. Studies on isolated nuclei. II. Isolation 
and chemical characterization of nucleolar 
and nucleoplasmic subfractions. J. Cell Biol. 
18:293-312. 

Pederson, T. 1972, Chromatin structure and 
the cell cycle. PNAS 69:2224-28. 

-1974a, Proteins associated with heter¬ 
ogeneous nuclear RNA in eukaryotic cells, 
J. Molecular Biol. 83:163-83. 

-1974b. Gene activation in eukaryotes: 

Are nuclear acidic proteins the cause or the 
effect? PNAS 71:617-21. 

__ 1978, Chromatin structure and gene 


transcription. Nucleosomes permit a new 
synthesis. Internat. Rev. Cytol. 55:1-22. 

Pederson, T., and N, G. Davis. 1980. Messenger 
RNA processing and nuclear structure: Iso¬ 
lation of nuclear ribonucleoprotein particles 
containing (3-globin messenger RNA pre¬ 
cursors. J. Cell Biol. 87:47-54, 

Samarina, O. P., E. M. Lukanidin, J. Molnar, 
and G. P. Georgiev. 1968. Structural orga¬ 
nization of nuclear complexes containing 
DNA-like RNA. J. Molecular Biol. 33: 
251-63. 

Scherrer, K., H. Latham, and J. E. Darnell, 
1963. Demonstration of an unstable RNA 
and of a precursor to ribosomal UNA in 
HeLa cells. PNAS 49:240-48. 

Smith, K., and J, B. Lingrel. 1978. Sequence 
organization of the (3-globin mRNA precur¬ 
sor. Nucleic Acids Res. 5:3295-3301. 

Tilghman, S. M., P. J. Curtis, D. C. Tiemeier, 
P, Leder, and C. Weissmann. 1978. The in¬ 
tervening sequence of a mouse (3-globin gene 
is transcribed within the 15S /3-globin 
mRNA precursor. PNAS 75:1309-18,. 

Tilghman, S. M., D. C. Tiemeier, F. Polsky. M. 
H. Edgell, J. G. Seidman, A. Leder, L. W. 
Enquist, B. Norman, and P. Leder. 1977. 
Cloning specific segments of the mammalian 
genome: Bacteriophage A containing mouse 
globin and surrounding gene sequences. 
PNAS 74:4406-10, 

Wilt, F, H., M. Anderson, and E. Ekenk-rg. 
1973. Centrifugation of nuclear rilxmucleo- 
protein particles of sea urchin embryos in 
cesium sulfate. Biochem, 12:959-66. 



84 American Scientist, Volume 69 


are their own and do not represent The Scientists’ Bookshelf 

the views of the editors or of Sigma 
Xi, The Scientific Research Society. 

Reviews have been grouped under 
broad headings, with the reader’s 
convenience in mind . Some books 
could appropriately be included in 
more than one category, and the ed¬ 
itors suggest that the reader consult 
the Review Index, on page 111, for 
interdisciplinary titles. 


The Gardens of Pompeii 

Herculaneum and the Villas De¬ 
stroyed by Vesuvius. Wilhelmina F, 

Jashemski. 384 pp. New Rochelle, 

NY: CaratzasBros., 1979. $65. 

This lovely book is devoted to what 
can be learned about the gardens and 
vineyards that played a great part in the 
lives of the people who lived in Pompeii 
and neighboring sites scattered about in 
a region that was a favorite residential and 
holiday resort in the last two centuries B.C, 
and the first century A.D. It contains an 
account of the author’s studies over a 
quarter of a century and is organized 
around the functions that the garden had 
in the life of the time—ornamental, 
practical, religious, and commercial— 
with special chapters on the discovery of 
a large vineyard within the city walls and 
a market garden and some of the mag¬ 
nificent but inadequately excavated villas 
near Pompeii and Herculaneum. It is il¬ 
lustrated with magnificent photographs 
by Stanley A. Jashemski, who used a most 
ingenious microaerial balloon camera for 
photographing excavations. The more 
technical details of each site and a number 
of appendixes by authorities on specific 
scientific aspects of the work are reserved 
for a second volume. 

The evidence that can be used to pro¬ 
vide a comprehensive account of Cam¬ 
panian horticulture is of four kinds. First, 
the skilled excavations of the author— 
often made more laborious by the fact 
that an empty area seemed to earlier 
diggers just the place for a dump-have 
yielded a detailed description of the soil 
surface on 27 August 79 when the lapilli 
started to fall; evidence of the disposition 
of trees, bushes, and some smaller plants 
could be obtained, though specific iden¬ 
tification, except for tree-root patterns, 
was usually difficult. Some carbonized 
macroscopic remains and, in a few sites, 
good pollen were available. 

Second, the Pompeiians loved garden 
scenes as decorations; the book provides 
a remarkable corpus of such murals. 
Thi rd, ancient Roman treatises on various 
agricultural matters contain detailed in¬ 
structions for cultivating vines and fruit 
trees. Fourth, current traditional prac¬ 



tices give suggestions for the interpreta¬ 
tion of the archaeological findings. In the 
area formerly supposed to be a cattle 
market, the workmen engaged in clearing 
the lapilli, so that casts could be made of 
the roots of the vines, at once recognized 
that the pairs of holes discovered corre¬ 
sponded to the vine root and the sup¬ 
porting stake of contemporary Campan¬ 
ian (though not universal) practice, The 
pairs of holes were four feet apart, as the 
Elder Pliny, who died in the eruption, 
recommends (Historia naturalis 17:171). 
One of the most satisfying aspects of the 
work is the way everything known or dis¬ 
covered hangs together. 

Certain details stand out in one’s 
memory of the book. Though the open 
court, or peristyle, that enclosed an inte¬ 
rior garden in so many houses looks very 
formal in an architectural drawing, this 
was probably only true of the grander 
residences whose pools and statuary im¬ 
posed a symmetrical pattern, More usu¬ 
ally trees, probably nut or fruit trees, were 
scattered about irregularly. Of course an 
original symmetry may have often been 
lost by the death of some trees and the 
preservation of other particularly beau¬ 
tiful or productive specimens. 


In the paintings, the numerous birds 
obviously play an important decorative 
role. A full account of this aspect of gar¬ 
den painting will be given by G. A. Wat¬ 
son, a classicist as well as an ornithologist, 
in the second volume. Meanwhile, what 
we have raises the question whether, if 
more secular monuments had survived, 
we should see more continuity between 
the classical Mediterranean and medieval 
northwestern Europe. Yapp (J. Med. 
History 3:315-48, 1979) has recently 
noted a painting of the Mediterranean 
red-rumped swallow Hirundo daurica in 
an English medieval manuscript, proba¬ 
bly based on a Byzantine model. 

The idea of the garden as a decorative 
hut also a sacred place was evidently held 
strongly. Venus que custodit ortu, as an 
inscription on an amphora describes her, 
was the titular deity of Pompeii and is 
regularly depicted in its gardens or else¬ 
where. Hercules, Bacchus, and even Mars, 
all associated anciently with vegetation, 
also make their appearance. Today most 
houses in the area will have a painting of 
the Virgin and Child in a shrine, often 
facing into the garden. The goddesses of 
the pagan past, however, seldom have 
offspring visible; when they were fertile 
they must have relied on celestial wet 
nurses or some day-care system. 

Flowers were of immense importance 
in making garlands used in all sorts of 
festivals, both secular and sacred. One 
market garden, possibly growing roses, 
has been identified. Pollen analysis un¬ 
fortunately tells us mainly that it was free 
of weeds and grasses, with ferns growing 
on the wall. Curiously, as Ward-Perkins 
points out in his review (Times Literary 
Supplement, 20 June 1980, p. 700) of this 
book, there was no use in classical antiq¬ 
uity of cut flowers in a vase in the house. 
Tombs were decorated with flowers as 
they are today. Seeing a lady arranging a 
fan of freesias on a grave, one realizes that 
as the flowers fade and die themselves, 
they may seem to have entered the world 
of the dead friend. There is in fact possi¬ 
bly a thanatoerotic theme here; there are 
plenty of withered garlands in the Greek 
Anthology. 

Space forbids attempting any more 
excursions; anyone who can, or cannot, go 
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to Campania should read the book, It 
leads one to much of what is best in a 
fascinating part of the world,— G. E. 
Hutchinson, Biology, Yale University 


Energy in the Developing 
World 

The Real Energy Crisis. Vaclav Smil 

and William E, Knowland, eds. 386 

pp. Oxford University Press, 1980. $74 

cloth, $34.95 paper, 

While the more developed world faces 
certain problems and stringencies as a 
result of the sequence of sharp increases 
in the price of petroleum since 1973, the 
changes in the price of oil have been sim¬ 
ply disastrous for those underdeveloped 
nations that do not have a strong fossil 
fuel base of their own, In brief, the esca¬ 
lations have all but destroyed the short¬ 
term hopes many such nations had of 
entering into what the economists call the 
breakaway phase of economic develop¬ 
ment, wherein—as has occurred in Tai¬ 
wan, Singapore, and Korea—they can 
become relatively balanced participants 
in world trade and overcome the debili¬ 
tating effects of poverty, 

This book has the goal of reviewing the 
topic on a worldwide basis and of pointing 
out pathways that might be used by de¬ 
veloping countries to cushion the flow. 
Clearly, significant utilization of the 
wisdom contained in the book will require 
the most intelligent kind of planning and 
organization within the countries—a 
matter on which the more developed 
countries may be of help in at least a se¬ 
lective way, The book focuses particularly 
on China, India, Brazil, and Africa; how¬ 
ever, it leaves essentially no part of the 
developing world untouched. 

One of the valuable aspects of the book 
is that it deals in considerable detail with 
the alternatives to fossil fuels that are 
frequently available—that is, with sources 
of energy such as waterpower, solar ra¬ 
diation, wood, and, more generally, bio¬ 
mass, geothermal sources, and nuclear 
fission. The strengths and limitations of 
each form are discussed, with emphasis on 
opportunities in various geographical 
areas. Still further, the book contains 
many tables and diagrams applicable to 
both worldwide and regional situations, 
and thus it can be a very useful reference 
source for anyone having even a passing 
interest in this important topic. 

The book does, however, have several 
major defects that will limit its usefulness, 
First, because the chapters have been 
written by a widely disparate group of 
authors, it is lacking in unity to a signifi¬ 
cant degree. Moreover, some of the essays 
clearly were written several years ago and, 
as a result, lack an element of freshness 
even though they retain considerable 
merit. The greatest drawback is the ab¬ 
sence of an index, an omission that is, 
hardly comprehensible since it could have 
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been composed in a relatively routine 
manner by staff. 

Defects aside, the book has many out¬ 
standing high points and perhaps is best 
regarded as something in the nature of a 
condensed summary of the worldwide 
thinking that has gone on in the past 
decade. The chapters on the overall sit¬ 
uation in China and in India, on the role 
of nuclear energy for the Third World, 
and on the limitations of wood fuel are 
very fine, as is the review of energy de¬ 
velopments in Brazil and Nigeria. Oddly 
enough, the remarkably successful synfuel 
program in South Africa is omitted, per¬ 
haps because it came to fruition after the 
book was organized .—Frederick Seitz, 
The Rockefeller University 

Basic Heat Transfer 

Frank Kreith and William Z. Black. 

556 pp, Harper & Row, 1980. $21.95. 

In 1958, Frank Kreith’s Principles of 
Heat Transfer was published, Thus the 
present senior author is an old hand at 
this business. The success of the original 
text and succeeding editions is attested to 
by the large number of citations in the 
heat transfer research literature, and it 
seems fair to say that Kreith has had a 
notable influence on the education of a 
generation of engineering students. 

It is interesting to compare the original 
edition with the present text to see how 
engineering applications and methods of 
analysis have changed over the past 20 
years, In the late 1950s and early 60s, 
much attention was directed toward 
high-speed flow phenomena in connection 
with missile and satellite reentry pro¬ 
grams. Such concerns have shrunk from 
28 pages in the second edition (1965) to 4 
pages in the 1980 text. On the other hand, 
discussions of solar energy problems have 
grown from 10 to 31 pages, reflecting both 
increased interest and the considerable 
work Kreith has done in this area, Other 
interesting new topics include heat pipes 
and packed beds. By far the biggest dif¬ 
ference, however, is to be found in the 
switch of unit systems and the increased 
emphasis on numerical analysis and 
computer programming, 

In the 1980 edition, the British four- 
unit system is replaced completely by the 
SI system, for which the authors are to be 
commended. Conventional wisdom to the 
contrary notwithstanding, it is only by 
such emphasis on a rational and nearly 
worldwide unit system that American 
student engineers will begin their pro¬ 
fessional lives at ease with the inevi¬ 
table, 

On the matter of computer-aided 
analysis, the authors have also done an 
excellent job, Not only have they , inte¬ 
grated sample programs in their discus¬ 
sions of numerical methods but an ap¬ 
pendix gives sources of heat transfer 
computer programs and lists typical 
programs that are available. 
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Reviewers of textbooks generally find 
several items that displease them, all the 
more since teaching is so much a matter 
of personal style and preference. Here I 
am distressed that the treatment of di¬ 
mensional representation and analysis 
follows the Pi Theorem approach and is 
not more comprehensive. For example, I 
believe it to be a disservice to the student 
to set up numerical problems in terms of 
physical temperatures so that boundary 1 
temperatures enter the solution as pa¬ 
rameters rather than being incorporated 
in the dependent variables. Surely this 
encourages the student to waste computer 
time by not generalizing the field and 
boundary equations to their fullest extent. 
Also, it is an inexplicable oversight that 
the Eckert number is not included in the 
appendix which lists the dimensionless 
groups commonly used in heat transfer, 
even though Eckert and his co-workers 
are referenced frequently in the book. 

But never mind. Kreith and Black have 
produced an excellent textbook which is 
well organized, lucid, comprehensive, and 
up to date. The authors and the profes¬ 
sion can be proud of it .—Thomas V. Ir¬ 
vine, Jr., Engineering, SUNYStony 
Brook 


Physical Sciences 


Theoretical Cosmology. A. K. Hay- ■ 

chaudhuri. Studies in Physics. 298 pp. 

Oxford University Press, 1979, 

$26.50. 

The author is a noted mathematical 
relativist now at the Tata Institute in 
Bombay, His book reads as if it were made 
up of two monographs of rather different 
character, splined together in a manner 
that is not infinitely smooth. Monograph 
A is a chatty and readable review article 
on modern physical cosmology. It is by no 
means limited to theoretical subjects, ns 
the book’s title might imply. There are 
excellent treatments of how galaxy ob¬ 
servations are analyzed and of the data on 
the microwave background, for example. 
Bibliographic completeness is empha¬ 
sized, and the author’s tone is more jour¬ 
nalistic than judgmental: He discusses the 
claims made by pundits on all sides of 
controversial issues without offering 
strong opinions of his own. Some readers 
will wish for a more authoritarian view, or 
at least for a clearer labeling of Estab¬ 
lishment opinion. 

Monograph B, which is interspersed 
with Monograph A, is a beautiful and , 
personal collection of mathematical odds # 
and ends within cosmology theory. Many 
gems in this group are the author’s own 
well-known contributions. Others are 
drawn from a variety of places in cos¬ 
mological “Never-Never Land" (not the 
author’s terminology: the place where 
topics live when they are so idealized and 
mathematically pretty that they never 


grow old, though they have no practical 
application). In this category, we have 
Kasner solutions, Godel’s universe, Ein- 
stein-Cartan theory, Dirac’s varying G, 
magnetic cosmologies, and much more. 
Monograph B is uncompromising in 
mathematical level, and many results are 
stated without proof. 

I rather doubt that many readers will 
find A and B both useful. Whichever part 
is to your taste, enjoy it and ignore the 
other .—William H. Press, Astronomy 
and Physics, Harvard University 


Liquid Scintillation Counting: Recent 
Applications and Development. Chin- 
Tzu Peng, Donald L. Horrocks, Edward 
L. Alpen, eds. Volume 1: Physical As¬ 
pects. 41.4 pp. $27.50, Volume 2: Sample 
Preparation and Applications. 538 pp. 
$82. Academic Press, 1980. 

These books, the proceedings of an in¬ 
ternational conference held at the Uni¬ 
versity of California, San Francisco, in 
August 1979, cover a broad range of top¬ 
ics. Essentially all major aspects of liquid 
scintillation counting techniques and in¬ 
strumentation are covered adequately, at 
the state-of-the-art level. Although many 
articles are intended as reviews of certain 
aspects of LSC (in some cases a simple 
progress report of the laboratory pre¬ 
senting the contribution), several papers 
contain significant, previously unpub¬ 
lished ideas and results. 

The significance of the work and the 
quality of presentation vary greatly from 
chapter to chapter, as can be expected 
when the number of contributing authors 
reaches beyond one hundred. With the 
exception of workers engaged in the de¬ 
velopment of the LSC techniques, readers 
will generally be interested in only a small 
number of articles, in view of the very 
broad range of aspects and of applications 
covered. However, virtually all groups 
using the LSC or related counting tech¬ 
niques may find at least one of the chap¬ 
ters of significant interest. These volumes 
are especially suited for scientific li¬ 
braries.— Claude Brassard , Physics, 
Universite de Montreal 


Atomic Masses and Fundamental 
Constants, 6, Jerry A. Nolen, Jr., and 
Walter Benenson, eds, 572 pp. Plenum, 
1980. $59.50. 

These fifty-eight papers were presented 
at an international conference at Michi¬ 
gan State University, Although called 
number 6, this was actually the seventh 
conference in a series that started in 1957. 
The earlier conferences considered mass 
measurements only, but for the fourth 
conference the subject matter was 
broadened to include the measurement 
and analysis of fundamental, physical 
constants. This may seem a limited topic 
for a series of conferences, but, as the 
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A Master List of Nonstellar 
Optical Astronomical Objects 

By Robert S. Dixon and George Sonneborn. This first general catalogue of 
nonstellar objects in nearly seventy years is a compendium of approxi¬ 
mately 185,000 listings from 270 individual catalogues. 835 pp, $30.00 

Cellular Interactions in 
Symbiosis and Parasitism 

Edited by Clayton B. Cook, Peter W.Pappas, and Emanuel D. Rudolph. 

Original papers that examine cellular processes in several well-studied 
symbiotic systems: lichens, host-parasite relationships, algae-invertebrate 
symbioses, endomycorrhizae, and microbial associations. Ohio State 
University Biosciences Colloquia.no. 5. Ulus. $25.00 


Gene Structure and Expression 

Edited byD. H. Dean, L. F. Johnson, and P. S. Perlman. Original papers 
covering recent advances in restriction enzyme analysis, cloning vehicles, 
and DNA sequencing strategies, and providing detailed analyses of the 
structure and expression of genes in a variety of model systems. Ohio State 
University Biosciences Colloquia, no. 6, lllus. $22,50 


A Guide to the Mammals of Ohio 

By Jack L. Gottschang. With photographs in both color and black and white 
by Karl Maslowski, Peter Maslowski, Stephen Maslowski, Alvin Steffan, 

William Fan, and Ronald Austing. Original drawings and maps by Elizabeth 
Dalve. frontispiece by John Ruthven. $35.00 
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theoretical papers here show, mass values 
are of fundamental importance to an un¬ 
derstanding of nuclear forces. The bulk of 
the volume describes the ultimate in ac¬ 
curate physical measurements. One ex¬ 
ample is the measurements which now 
allow gamma-ray energies to be accurately 
stated in terms of the primary standard 
krypton wavelength, instead of secondary 
standards such as the gold gamma-ray 
energy or the positron-electron annihila¬ 
tion energy. This extension of the abso¬ 
lute wavelength scale to gamma-ray 
wavelengths gives a long-sought absolute 
energy scale for nuclear and atomic mea¬ 
surements, Another significant accom¬ 
plishment is the production and mass 
measurement of many previously un¬ 
known nuclei. 

The six summary papers provide a good 
view of the present status of nuclear 
masses and determination of fundamental 
constants and also suggest further work 
to be done. A possibility yet to be fulfilled 
is the extension to other mass regions of 
the extremely precise mass measurements 
achieved with the RF mass spectrometer 
for a few light atoms, Another promising 

technique is the use of the high-resolution 

Penning trap. " 

This volume is not for everyone s 
bookshelf, but it is valuable to a small 
number of specialists. Along with the 
proceedings of the earlier conferences, it 
should be interesting to anyone following 


the development of ever more sophisti¬ 
cated measurement techniques or the 
refinement of the values of the funda¬ 
mental physical constants— Cornelius P. 
Browne, National Science Foundation 


The Physics of Nuclear Reactions, rev. 
ed. W, M. Gibson. 338 pp. Pergamon 
Press, 1980. $35 cloth, $14 paper. 

This text, intended for an undergrad¬ 
uate course on nuclear reactions and 
scattering processes, assumes a working 
knowledge of elementary quantum me¬ 
chanics and a general familiarity with 
nuclear models and the static properties 
of nuclei. The book is clearly written and 
highly readable, and the level of presen¬ 
tation is well within the grasp of most ju¬ 
nior- and senior-year physics students. 
Problem sets, typically involving 
straightforward applications of the ma¬ 
terial presented, are included. 

Since very few physics departments 
offer a separate undergraduate course on 
nuclear reactions, texts as specialized as 
Gibson’s are more frequently used either 
to provide supplementary material for a 
quantum mechanics sequence or in a se- 
nior-year course on nuclear and particle 
physics. The book certainly could be used 
in either; of these contexts, However, 
teachers who prefer to develop reaction, 
nuclear, and particle physics in parallel 
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would have to use additional texts or 
materials, as would those who like to 
emphasize the comparison of calculated 
with measured quantities ,'—Karl A. Erb, 
Physics, Oak Ridge National Labora¬ 
tory 

A Perspective of Physics, Vol, 2: Se¬ 
lections from 1977 Comments on 

Modem Physics, Sir Rudolf Peierls, ed, 

259 pp. Gordon and Breach, 1979. 

$30. 

This truly remarkable book contains a 
selection of 27 articles from the five 
Comments journals: Comments on Nu¬ 
clear and Particle Physics, on Solid State 
Physics, on Astrophysics, on Atomic and 
Molecular Physics, and on Plasma 
Physics and Controlled Fusion. All the 
articles are interesting, but the most in¬ 
teresting part of the book is the Intro¬ 
duction, by Peierls, which reviews the five 
areas. . 

It has often been said—by myself 
among others— that physics has grown so 
big, and has so many branches, that it Is 
impossible to maintain familiarity with all 
of it and that every physicist has to spe¬ 
cialize in one or at most two areas. Of 
course, in chemistry this was the situation 
already early In our century. However, 
Peierls’s Introduction demonstrates that 
in physics this is not the case. His reviews 
of the five subjects are all illuminating 
whether or not they refer explicitly to one 
of the articles Selected for reproduction in 
subsequent pages. It is interesting that 
these were selected by him “not [because 
they are] the most important or the best 
written ones but the ones which seem to 
lend themselves best to the attempt to 
build an outline picture.” I was most im¬ 
pressed by Peierls’s review of solid state 
physics. He makes several basic observa¬ 
tions that should have been made some 
time ago—even though they are not all 
generally accepted, they are interesting 
and arguable. The plasma physics section 
contains perhaps the least information 
not already known by all physicists. What 
I missed most was a review of the so-called 
"interpretation of quantum mechanics,” 
that is, its philosophical limitations, and 
I missed also a consideration of the con¬ 
tacts of quantum mechanics with the 
general theory of relativity. We shall hope 
to learn about these subjects in the next 
volume in the Perspective of Physics se¬ 
ries.— E. P, Wigner, Physics, Princeton 
University 


which can be started, stopped, or alter¬ 
nated in less time than it takes to grow 
atomic monolayers. It thus provides a tool 
to assemble crystals almost atomic layer 
by layer. This book describes the tech¬ 
niques of growth, which until now have 
mainly been applied to semiconductors, 
and discusses the surface science to which 
the technique gives access, the devices it 
can produce, and the novel periodic 
structures or superlattices that are the 
essentially new materials which can be 
produced by molecular beam epitaxy, 
The seven chapters in the volume, also 
published as a double issue of Progress in 
Crystal Growth and Characterization, 
were contributed by seven authors or 
groups and show a field at an intriguing 
stage of development—the basic science 
and capabilities are still being determined 
while applications are being conceived 
and some devices are being perfected. 
Elegant growth systems have been engi¬ 
neered commercially, and unprecedented 
superlattice structures with fascinating 
new properties have been synthesized. 
Yet many predicted features have not yet 
been observed experimentally. Perfection 
of molecular beam epitaxy in the II-VI 
and IV-VI groups of semiconductors is 
still much less advanced than for the 
GaAs group of semiconductors, 

For the present, the volume provides an 
adequate view of several areas of this 
evolving subject. A more recent summary 
can be found in "Molecular Beam Epi¬ 
taxy” (Science 208:916-22), by M. B, 
Panish, We may anticipate that by the 
time the next book on the subject is pub¬ 
lished, the technique will be substantially 
more developed and extended to other 
crystal systems and to imaginative new 
crystal architectures .—Arthur C, Gos- 
sard, Bell Laboratories, Murray Hill, 
NJ 


Statistical Physics, 3rd ed., Part 1, L, D. 
Landau and E, M. Lifshitz, Rev, E, M, 
Lifshitz and L. P. Pitaevskii. Trans. J. 
B. Sykes and M, J, Kearsley. Course of 
Theoretical Physics, 5.544 pp. Perga¬ 
mon Press, 1980. $50 cloth, $20 
paper. 

This book is the first part of a revised 
and extended two-part version of the 
well-known Landau and Lifshitz Statis¬ 
tical Physics, second edition, Since the 
second part is not yet available in English 
translation, it is a little difficult to evalu¬ 
ate the overall success of the third edition, 
The most obvious feature of the new Part 


someone with the previous edition to L- 
this new Part 1. More notable is the 
omission of sections on superfluidity, i n . 
teracting Bose and Fermi gases, and so' 
perconductivity. The projected Part 2 will 
treat these subjects in greater detail, aW 

with the elements of many-body theory 

and some solid state physics. It will bej 
wholly new work, appearing as Volume J 
in the Course of Theoretical Physics and 
filling the slot long reserved for Physical 
Kinetics. To judge from its contents 
(listed in this volume), it should be a 
welcome and worthy addition to the se- 
vies.—Alexander L. Fetter, Physi CSi 
Stanford University 


Nucleation and Growth of Thin Films, 

B. Lewis and J. G, Anderson. 504 nn, 

Academic Press, 1978. $57. 

The understanding of the physics of 
thin films is very important, especially in 
view of their various applications in the 
electronics industry, This book provides 
a concise, coherent, and self-consistent 
survey of the field and may be considered 
an excellent reference work on all the 
theoretical aspects of nucleation and the 
initial stages of growth of thin films, In 
one of the last chapters, particular at¬ 
tention is given to the detailed analysis of 
experimental results, which makes this 
book of great interest not only to theore¬ 
ticians but also to engineers and experi¬ 
mentalists, although the techniques 
themselves are not dealt with .-Philipps 
J, Mirabel, Physical Chemistry, Unis- 
ersite de Strasbourg, France 


Handbook of Stopping Cross-Sections 
for Energetic Ions in All Elements. 
J. F. Ziegler. The Stopping and Ranges 
of Ions in Matter, 5.432 pp. Pergamon 
Press, 1980. $50. 

Handbook of Range Distributions for 
Energetic Ions in All Elements,!). 
Littmark and J. F, Ziegler. The Stop¬ 
ping and Ranges of Ions in Matter, 6, 
493 pp. Pergamon Press, 1980, $65, 

The study of stopping and ranges of 
energetic ions in solids is as old as modern 
physics. In the early part of this century 
both J, J. Thomson and Niels Bohr ana¬ 
lyzed stopping power with the aim of es¬ 
tablishing their divergent ideas about the 
atom, While the degree of emphasis has 
varied, the subject has continued to in- 


Molecular Beam Epitaxy. Brian R. 

Pamplin, ed. 174 pp. Pergamon Press, 

1980. $35. 

Molecular beam epitaxy is a means of 
growing crystal films in ultrahigh vacuum 
by impingement of beams of molecules 
and atoms onto a crystal surface. The 
technique can produce surfaces with 
nearly atomic smoothness, utilizing beams 


1 is its close similarity to the whole of the 
previous second edition, Most sections 
and many chapters are merely reset 
without evident changes, so that either 
version is indispensable in any serious 
physicist’s library. The principal addi¬ 
tions concern the magnetic properties of 
gases, fluctuations, symmetry of crystals, 
and critical phenomena, but the alter¬ 
ations seem insufficient inducement for 


terest physicists ever since, and is still an 
“unsolved” problem in the sense that one 
does not know how to calculate stopping 
power rigorously, starting from first 
■ principles, Theories have been developed, 
however, that are accurate in certain cases 
and can be used to "interpolate” and 
“extrapolate” the measured stopping 
powers and ranges. 

These two remarkable volumes contain 
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the most complete and up-to-date tabu¬ 
lation of stopping powers and ranges 
available. The authors have done what no 
one has even contemplated before: they 
present stopping power for all ions (Zj = 

1 - 92) in all elements (Z 2 = 1 ~ 92) for 
energies between 0.2 MeV/atomic mass 
unit to 1,000 MeV/atomic mass unit! The 
volume on ranges gives similarly complete 
tabulations of mean ranges and straggling 
(both lateral and longitudinal). 

With the rapid growth of the use of ion 
beams in elemental analysis, such as 
Rutherford backscattering spectrometry 
or nuclear reaction analysis, along with 
expanded use of ion beams in material 
modification, industrial processing, and 
medicine, the need for accurate and 
complete compilations of stopping power 
and ranges has increased. The previous 
standard work by L. Northcliff and R. 
Schilling is known not to include several 
important effects, making the accuracy of 
that reference difficult to assess. Ziegler 
and Littmark have used the best theo¬ 
retical work available in constructing 
these tables. As an aid to users, they also 
include all the available experimental 
measurements (with references), so that 
one can judge the accuracy of their re¬ 
sults. 

These two volumes are perhaps the 
most useful of the six currently available 
in the series, edited by Ziegler, and are a 
must for all scientific libraries as well as 
for scientists who regularly need stopping 
powers and ranges in their own re¬ 
search—W. A. Lanford, Physics, 
SUNY-Albany 


Acoustic, Electromagnetic and Elastic 
Wave Scattering: Focus on the T- 
Matrix Approach. V. K. Varadan and 
V. V. Varadan, eds. Proc, Internal 
Symp., Ohio State Univ., Columbus, 
1979. 693 pp. Pergamon Press, 1980. 
$70. 

For the first 25 years of its develop¬ 
ment, quantum mechanics drew whenever 
possible on the theoretical tools and 
methods of the much older fields of 
acoustics, electromagnetism, and elastic 
wave propagation, both in the mathe¬ 
matics used and in explanatory analogies. 
Everyone who teaches graduate courses 
in these subjects nowadays knows that the 
converse has been true for some time: 
Many of us find it natural and pedagogi- 
cally useful to draw on the language of 
quantum mechanics to describe and ex¬ 
plain classical wave phenomena. 

This book is the proceedings of an in¬ 
ternational symposium held in June 1979 
at Ohio State University. It serves as tes¬ 
timony to the extent to which mathe¬ 
matical techniques and language devel¬ 
oped in quantum scattering theory have 
been adopted in, and adapted to, wave 
scattering in classical fields. The domi¬ 
nant influence on many of its 36 contri¬ 


butions is the T-matrix method, devel¬ 
oped over the last 11 years in acoustic and 
electromagnetic scattering theory by 
Waterman and modeled after similar 
procedures used in quantum mechanics, 
As in nuclear physics, the T-matrix ap¬ 
proach has been found very useful in 
classical wave-scattering problems, and 
this volume describes many of its appli¬ 
cations. 

The influence of quantum scattering 
theory visible in these papers goes much 
beyond the use of the T-matrix. There are 
references to Schwinger’s variational 
principle, to Regge poles, to the Born ap¬ 
proximation, as well as, of course, to the 
optical theorem and the S-matrix. Ironi¬ 
cally, some of these things originated in 
electromagnetic theory before quantum 
mechanics, but neither Sommerfeld nor 
Kirchhoff are mentioned here when 
Regge and Born are. (This is not meant as 
a criticism but merely as a historical 
comment.) 

This volume will be of interest to 
workers in the field of wave propagation. 
The editors have supplied a useful intro¬ 
ductory chapter on the relevant field 
equations in all three areas covered at the 
conference. Unfortunately they have 
thrown some strange factors of 4ir into the 
wrong places. The experts will not be 
misled by that, but graduate students and 
amateurs ought to be careful .—Roger G. 
Newton, Physics, Indiana University 


Theory of Chemisorption. J. R. Smith, 

ed. Topics in Current Physics, 19.240 

pp. Springer-Verlag, 1980. $34.30. 

Current research in surface science is 
being pursued from both a basic research 
side and an applied, technology-oriented 
side. Recent progress, both experimental 
and theoretical, in obtaining a funda¬ 
mental understanding of clean, single¬ 
crystal, well-characterized surfaces has 
opened up a new and very active area of 
solid state physics. Surface phenomena 
also play a vital role in such important 
applied areas as catalysis, corrosion, 
electrolysis, and electronics. The wealth 
of knowledge that has accumulated in 
these fields is often of an empirical nature. 
It is hoped that advances made in funda¬ 
mental surface science will be able to 
bring forth the basic governing principles: 
behind the phenomenological description, 
An understanding of chemisorption is a 
first step in this direction. 

The basic question that the theory of 
chemisorption tries to answer is: What 
happens when we bind an atom or a mol¬ 
ecule to the clean surface of a solid? This 
is obviously a problem to which we have 
to apply the theories of both solid state 
physics and atomic-molecular physics. 
This book reviews the various approaches 
to developing theoretical tools to study 
chemisorption, It is directed both to 
nonspecialists as an introduction and a 


tutorial and to specialists as an overview 
of the field. The chapters, by individual 
contributors, are held together in a rea¬ 
sonably coherent way, and most describe 
theoretical techniques with applications 
to specific materials systems, such as 
simple metals, semiconductor surfaces, 
d-band metals, and oxides, The substrate 
is usually assumed to be an infinite single 
crystal, but in one chapter the approach 
is from cluster calculations, The last 
chapter gives a critique of the methods 
described in previous chapters and fo¬ 
cuses on the discrepancies between theory 
and experiment rather than on the usually 
pleasing agreement, 

The book gives a balanced view of the 
field of chemisorption within the con¬ 
straint indicated in the title of the book: 
it deals only with the theory of chemi¬ 
sorption. It is of course inevitable that a 
monograph in a rapidly moving field, such 
as surface physics, is in some aspects out 
of date the same day it is published—it is 
true of this volume. Printed in 1980, some 
of the material describes the situation up 
to 1976. The book is recommended as a 
critical review of an important and fasci¬ 
nating field of research, where physics and 
chemistry and basic and applied science 
meet.—Stig B. Hagstrm, Xerox Palo 
Alto Research Center 

Homogeneous Catalysis: The Applica¬ 
tions and Chemistry of Catalysis by 
' Soluble Transition Metal Complexes. 
George W. Parshall. 240 pp. Wiley- 
Interscience, 1980, $28. 

This book details exactly what its title 
and subtitle promise and does it concisely 
and directly. 

The problem of organizing the diverse 
topics covered was largely solved by ar¬ 
ranging chapters on the basis of the sub¬ 
strates undergoing reaction. Three of the 
nine reaction chapters involve olefins and 
dienes (isomerization and hydrogenation, 
polymerization, and oxidation), and other 
chapters deal with reactions of carbon 
monoxide, arenes, acetylenes, saturated 
hydrocarbons, and carbenes. As claimed, 
all major industrial processes catalyzed by 
soluble transition metal complexes are 
described. In each case, after some rather 
uncomplicated discussion of mechanisms 
for these reactions, a catalytic cycle for 
each of them is proposed in the now- 
familiar “clock” representation. These 
reaction schemes are excellent summaries 
of what is known about the role of the 
metal in the catalysis. 

Part of the author’s objective in writing 
this book is to correct the emphasis most 
other books and reviews on the general 
subject have placed on “academically 
fashionable areas.” There is indeed a 
balance here in referenced work between 
industrial and academic investigators, 
and frequent references are made to per¬ 
tinent patents. It is good to have a 
knowledgeable guide in evaluating the 
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latter, always suspect, resource. However, 
one need not throw out the baby with the 
bathwater. The academic work on 
water-gas shift catalysis, the use of zir¬ 
conium catalysts, the replacement of H 2 
by CO + H<;0 for hydrogenation, and the 
variety of spectroscopic tools, such as 
temperature-dependent NMR, has had a 
powerful impact on this field. In applying 
the 16-18 electron rule, the author rec¬ 
ommends the formalism of considering 
the ligands H, X, and R as one-electron 
donors. But a good case can be made for 
considering them to be two-electron do¬ 
nors. In [PtCR] 2 ", Pt is unquestionably d & 
Pt(II), and each of the four equivalent Cl’s 
must be a two-electron donor, If oxidative 
addition of H 2 has meaning, then the H’s 
are two-electron donors. 

However, the shortcomings of this book 
are minor; for an authentic, sparkling, 
clear account of the state of the art in this 


energies. Yet several chapters later, in 
discussing geothermal energy, they sud¬ 
denly confront the reader with a formula 
for “thermal” efficiency (misstated with 
an equality sign) as if the reader is famil¬ 
iar with it. Again, in a chapter on the 
economics of nuclear power, the “ulti¬ 
mate” efficiency is once more stated and 
this time referred to as due to Carnot. 

Nuclear fission is first mentioned as 
spontaneous fission, a curious way to in¬ 
troduce a nonscientific reader to the 
subject. The fact that it is the isotope 235 U 
which is fissile is not discussed until much 
later, in a chapter entitled “Fission and 
Fusion Phenomena.” The enormous dif¬ 
ference between energy releases in 
chemical and nuclear processes is scarcely 
mentioned, yet it is the immediate domi¬ 
nant issue for the question of human 
needs, 

The book tries to cover too much ma- 


new and exciting area, this is probably one 
of the best books available.— Milton Or- 
chin, Chemistry, University of Cincin¬ 
nati 


Energy and Human Needs. Samuel C. 

Curran and John S, Curran. 330 pp, 

Halsted Press, 1979, $24.95. 

The title of this book portends a work 
of real importance in helping to inform 
serious readers of the gravity of the energy 
problems facing the world. Indeed, the 
Foreword begins: “We hope that this 
book gives the reader with little or no 
scientific knowledge a reasonably com¬ 
prehensive treatment of the very topical 
and important subject of energy” (my 
italics). It sounds a warning: “How long 
can our energy supplies last? Can our way 
of life endure?” 

I shall therefore focus primarily on 
three key themes: energy and human 
needs, the seriousness of the energy 
problem, and the degree of success with 
which the authors reach the nonscientific 
reader. Specifically, could I use the book 
as a text in a college course for nonscience 
students? I believe that the answer is 
no. 

_ The comprehensive table of contents 
immediately arouses the reader’s interest. 
After a good chapter on the need for un¬ 
derstanding energy, the text addresses the 
concept of energy, and it is here that it 
begins to fail. The distinction between 
energy and work is not made dear, and 
confusing multiple units of energy are 
introduced long before the reader “with 
little or no scientific knowledge” can 
comprehend their significance, For ex¬ 
ample, a man’s energy intake is “12,000 
kilojoules per day ,.. which is 0,20 hp- 
day.” In the next paragraph, the authors 
state that man’s food intake rate “is about 
100 watts.” 


terial, and strays from its human needs 
objective, For example, under “Radioac¬ 
tive Elements,” we learned that the earth 
“has existed in something like its present 
state for 4.5 billion years,” but "before the 
discovery of radioactivity in 1896, Kelvin 
calculated (1871) the age of the earth to be 
100 billion years, about 50 times younger 
than today’s accepted value.” The un¬ 
skilled reader would not detect whether 
the 100 billion or the younger is in 
error. 

Although the book is probably not easy 
reading for nonscientific readers, and its 
general literary style is not particularly 
lucid, it contains a great deal of material 
of interest to the scientific reader. For 
example, it has an informative chapter on 
heat pumps. It also has an enormous list 
of references to original work, draws 
heavily from those references, and is il¬ 
lustrated with original graphs and figures. 
It is therefore much more useful to the 
scientifically trained energy expert, and 
nonexpert, than to laypersons. 

The authors proclaim that one objec¬ 
tive is to present facts about energy, in¬ 
cluding discussion of the controversy over 
nuclear power (which they do fairly and 
fully) in such a manner that readers can 
come to their own conclusions. However, 
at the end—quite properly—they do state 
their own conclusions: “We believe this 
book has demonstrated that only nuclear 
energy can save our way of life from being 
dangerously disrupted when oil and nat¬ 
ural gas begin to run out at the turn of the 
century.”-F. H. Schmidt, Physics, 
University of Washington 


Hydrogen Energy System, Vols, 1-5. T. 
Nejat Veziroglu and Walter Seifritz, 
eds. Advances in Hydrogen Energy. 
2876 pp. Pergamon Press, 1979. $300 



combustion is H 2 0. In principle, any pri. 
mary source of energy can be used to free 
H 2 from its most abundant compound, 
H 2 0, a fact that makes it a potentially 
important alternative to electricity as an 
energy carrier. This 5-volume set of books 
is a collection of papers presented at the 
second World Hydrogen Energy Confer- 
ence held in Zurich in 1978. It covers every 
aspect of a hydrogen-fueled future: pro- 
duction of Ha from H,0 (a subject that 
takes up over half the pages in the books); 
storage and transportation of H 2 ; its use 
in automobiles, buses, and other vehicles; 
H 2 home appliances; and the economics 
and safety of a hydrogen-based economy. 
Review papers (seven in Vols. 1 and 5) by 
invited experts nicely summarize “state- 
of-the-art” Ha-systems at the time of the 
conference. Readers should know that a 
third World Hydrogen Energy Confer¬ 
ence was held in Tokyo in June 1980, The 
contributed papers are of variable quality, 
so one must wade through some surpris¬ 
ingly poor reports to find the well-written, 
informative articles. 

To us, Vol. 3 is the most interesting of 
the five. It contains descriptions of pos¬ 
sible alternative ways to produce H 2 , in- 
eluding solar-assisted water electrolysis, 
“plasmochemical” cycles, and micro¬ 
bial/biochemical systems. The large 
number of papers that describe experi¬ 
mental work on thermochemical pro¬ 
duction indicates that this particular field 
is finally reaching a degree of maturity, 
Articles in Vol. 5 on economics of hydro¬ 
gen energy systems are out of date, largely 
because they are based upon data and 
projections available in 1977 or before. 

This set of books will be useful to those 
performing research in these areas, hut 
because of its great length and inconsis¬ 
tent quality we hesitate to recommend it 
to readers who are only casually interested 
in hydrogen energy systems,-P, R. Rob¬ 
inson and C. E. Bamberger, Oak Ridge 
National Laboratory 


Nucleic Acid-Metal Ion Interactions. 

Thomas G. Spiro, ed. Metal Ions in 

Biology, 1,256 pp, Wiley-Interscience, 

1980. $24.50. 

The interactions between metal ions 
and nucleic acids have been studied by 
many people for a long time. Experi¬ 
mental results can be found scattered in 
a wide variety of journals, and the current 
level of understanding varies from quite 
high at the nucleotide level to interme¬ 
diate at the oligomeric or polynucleotide 
level to almost totally nonexistent at the 
polynucleotide level in the cells. Most of 
the experimental results on these three 
levels have been organized and summa¬ 
rized in this welcome and timely 
volume. 

Starting with Rosenberg’s very read¬ 
able account of platinum complexes, the 
book goes on to provide detailed specific 
structural information at the nucleotide 


level and some at the polynucleotide level, 
a s well as accounts of the metal-ion par¬ 
ticipation in genetic miscoding, which is 
jnostly at observational level at present. 
The volume is undoubtedly going to be 
very valuable to those working with nu¬ 
cleic acids and will be an excellent refer¬ 
ence source. Three chapters deal with 
extensive structural information on this 
topic, and the remaining two are more 
biologically oriented. Discussions of the 
chemistry of interactions and the theo¬ 
retical treatment of metal ion-nucleic 
acid interaction would have strengthened 
the volume. Overall, the book is highly 
recommended for those chemists and 
biochemists working in nucleic acids.— 
Sung-Hou Kim, Chemistry, University 
of California, Berkeley 


Chemistry: A Systematic Approach, 
Harry H. Sisler, Richard D. Dresdner, 
William T. Mooney, Jr. 902 pp. Oxford 
University Press, 1980. $19.95, 

This is a good, straightforward intro¬ 
ductory text for a two-semester course in 
general chemistry for first-year college 
students. It clearly presupposes some high 
school chemistry. SI units are introduced 
in Chapter 1, but are not always used 
subsequently. The text begins with mac¬ 
roscopic chemistry and then introduces 
atomic theory and electronic structure. 
The sequence of topics could easily be 
reversed at the instructor’s discretion with 
no confusion. It also presents reasonable 
amounts of material on some of the ele¬ 
ments and families, including several 
commercial processes, which will satisfy 
those who feel that some chemical reac¬ 
tions and properties should be discussed, 
The text is not burdened with “hand- 
waving” theory: the Schrodinger equation 
and any solutions are not given, and little 
space is devoted to the development of the 
ideal gas law from the kinetic molecular 
theory (although the authors use a 
spherical rather than a cubical container). 
It is somewhat surprising that VSEPR 
theory is covered so lightly and not men¬ 
tioned by name. The discussion about 
how ionic radii are obtained is refreshing 
to see; a similar warning about hydration 
energies would be helpful. 

The section on the chemistry of the rare 
gases is timely, but there is no indication 
of the enthusiasm and interest that 
Bartlett’s research created, perhaps be¬ 
cause the work is nearly 20 years old. The 
structure of the text, leaving biochemistry 
and nuclear chemistry for the end, is a 
standard one, allowing the instructor the 
option of omitting these subjects if 
pressed for time. Up-to-date references 
appear throughout the book, from gaso¬ 
line prices at 25$/L to laser-induced fu¬ 
sion. The appendix of equations will be 
helpful, although there are some curious 


ing numerical answers to all of them,— 
Burnaby Munson, Chemistry, University 
of Delaware 

Diagnostics for Fusion Experiments. 

E, Sindoni and C. Wharton, eds. Proc. 

Internat. School of Plasma Physics 

Course, Varenna, Italy, 1978,687 pp. 

Pergamon Press, 1979. $90 paper. 

In recent years there have been a 
number of books devoted to describing 
diagnostic methods in high-temperature 
plasmas. Most are compilations of articles 
by various authors. The volume under 
review is-the latest contribution to this 
generally useful genre. 

The book, the proceedings of a two- 
week summer course in 1978, gives a very 
useful review of the diagnostics in use at 
the major research institutions in the field 
at that time. By far the most useful arti¬ 
cles are those which address a particular 
type of measurement in some detail and 
include an extensive bibliography. I would 
place in this category von Goeler on soft 
x-ray measurements, Canu on microwave 
scattering, and Peacock on the measure¬ 
ment of magnetic fields in toroidal 
plasmas. 

Another class of articles summarizes 
the diagnostics used in particular types of 
experiments but does not give enough 
detail or analysis to constitute a real in¬ 
troduction to particular techniques. Pa¬ 
pers in this category include Osher on 
diagnostics for mirror machines, Wharton 
on particle beam fusion experiments, and 
Coleman on laser fusion diagnostics. 
There are also two very useful articles on 
data acquisition for fusion research sys¬ 
tems, an extremely important subject that 
has not been-adequately covered in the 
past. 

I can, on the whole, recommend this 
volume as an up-to-date summary of di¬ 
agnostic techniques in magnetic fusion 
experiments,- particularly those oriented 
to toroidal devices. The articles are gen- ■ 
©rally prepared and edited with care, and 
the printing is satisfactory.—Leonard 
Goldman, Laboratory for Laser Ener¬ 
getics, University of Rochester 


Earth Sciences 

Humphry Davy on Geology: The 18Q5 
Lectures for the General Audience, 
Robert Siegfried and Robert H. Dott, 
Jr„ eds. 169 pp. University of Wiscon¬ 
sin Press, 1980. $17.50. 

QUESTION: “What was Sir Humphry 
Davy’s greatest discovery?” ANSWER: 
“Michael Faraday,’’ It is an ancient high 
school gag, a bit tacky, but indicative of 
Davy’s oblivion as a historical figure. He 
discovered the anesthetic value of nitrous 
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nclusions and omissions. There are oxide, isolated sodium, potassium, calci 
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PIONEERS OF SCIENCE - 
Nobel Prize Winners 
In Physics 


Robert L. Weber 

This volume includes short biographies and 
features attractive portrait drawings of all 
114 Physics Laureates, from inception of 
the Nobel Prize in 1901 to the awards of 
1979. Each biography traces the Laureate's 
family origins, educational opportunities, 
scientific apprenticeship and subsequent 
career, 

“The eminent suitability of this book for 
school and other libraries, as a source of 
information and inspiration, must be 
obvious... It will make a splendid gift for 
arty physicist, and those not fortunate 
enough to be given it will not regret buying 
it for themselves. Physics Bulletin 
(0996002014) 1980 $23.00 


SCIENCE IN ACTION 


John Lenihan 

A fascinating collection of essays exploring 
many varied aspects of science and 
technology with wit and insight, Numerous 
imaginative cartoons enhance the book's 
appeal. 

In this most enjoyable book of essays and 
reviews. ... John Lenihan lives up to his 
reputation as a versatile scientist, a shrewd 
critic and a formidable raconteur." 
Contemporary Physics 
“A collection of lively and entertaining 
articles on the history of science and 
technology , . ■ presented in such an 
enjoy ably palatable way. "-New Scientist 
(0996001883) 1919 $18.75 


ALBERT EINSTEIN - 
His Influence on Physics, 
Philosophy and Politics 


Edited by P.C, Aichelburg and R.U. Sexl 
Written by well-known scientists, the 
articles in this book demonstrate Einstein’s 
influence on 20th century thought, Among 
the contributing authors are three former 
collaborators of Einstein, as well as several 
others who knew him personally. The 
analysis of the significance of these,theories 
for modern physics is followed by studies 
on his research methods, which anticipated 
later findings on the philosophy of science. 
Personal recollections of Einstein’s former 
colleagues illustrate the human aspects of a 
researcher whose genius has made such an 
indelible impression on our time. 

", , . particularly recommended for 
teachers and students of physics and 
anyone concerned with natural sciences, 
the history of science, scientific theory, or 
twentieth century history," 

- Interdisciplinary Science Reviews 

(0994001223) 1979 $26.50 

For additional information or to order, write 


heydensson.inc. 

247 S JllsiSt, Philadelphia, PA 19104 
(215) 382-6673 
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boron, and silicon, invented the carbon 
arc, proved the identity of diamond and 
carbon, showed that chloride was an ele¬ 
ment and named it, and took less than 
three months to design an explosion-proof 
mining lamp that is still used to test for 
fire damp in coal mines, He was the star 
of the Royal Institution, established 
electrochemistry, was knighted, became 
a popular hero, was elected president of 
the Royal Society, and indeed discovered 
Michael Faraday, (Davy himself had been 
discovered by Thomas Beddoes.) 

Lecturing was his main task when he 
arrived at the Royal Institution in 1801, 
aged 23, and he did it with distinction. 
Geology was one of the subjects, and his 
notes for a series of ten lectures happen to 
have survived, They are presented here in 
a scholarly transcription with a brief in¬ 
troduction, a usable index, and helpful 
illustrations thoughtfully culled from 
Davy’s notes and contemporary litera¬ 
ture, 

■ Brilliant laboratory craftsman that he 
was, Davy appears to have been an indif¬ 
ferent field observer, Guided by John 
Playfair and Sir James Hall, no less, he 
went to Hutton’s unconformity at Siccar 
Point, but the sketch he made there (p. 
xxiv) implies that he missed the import of 
the place, Intellectually he understood the 
principles of Hutton’s geology and the 
meaning of Hall’s experiments with slowly 
cooling melts, but in his heart he was not 
ready to abandon the conventions of 
Genesis, the teleological argument, and 
Bishop Ussher’s time scale. The notes of 
Davy’s lectures, especially the last six of 
them, are a revealing testimonial of the 
difficulties experienced in coping with the 
new geology by a very promising young 
scientist of the generation before 
Lyell’s .—Henry Faul, Geology, Univer¬ 
sity of Pennsylvania 


The Evolution of the Igneous Rocks: 

Fiftieth Anniversary Perspectives, H. 
S. Yoder, Jr,, ed. 588 pp. Princeton 
University Press, 1979, $35 cloth, $15 
paper, 

In 1928 The Evolution of the Igneous 
Rocks, by N. L, Bowen, was published. 
There can be few petrologists who have 
not been influenced by the wealth of 
geological and laboratory experience that 
Bowen distilled into this small and very 
readable book, Fifty years later, H. S. 
Yoder has gathered a team of eighteen 
authors to provide updated summaries 
and syntheses of each of the subject areas 
of Bowen’s eighteen chapters. The book 
is successful in this aim. It directs the 
reader back to the starting point of Bow¬ 
en’s book, but now as an introductory 
text, and summarizes the results of half a 
century of research and debate on the 
subjects selected by Bowen as significant 
at that time, Chapters on crystal accu¬ 
mulation and sorting, feldspathoidal al¬ 
kaline rocks, silicate liquid immisicibility, 


and the importance of volatile constitu¬ 
ents are especially outstanding in pro¬ 
viding syntheses of large amounts of new 
information and insights available since 
Bowen’s text. The penultimate chapter, 
“Petrogenesis and Physics of the Earth,” 
sums up the ever-growing knowledge 
base, neatly chronicles continuing con¬ 
troversies, and signposts each docu¬ 
mented study of petrogenesis in the 
mantle. Six chapters on various aspects of 
fusion and crystallization of simple sys¬ 
tems, particularly as related to basaltic 
magmas, provide different viewpoints and 
much useful information-most valuable 
and timely contributions, 

The multiauthor approach of the 
modern book contrasts with the coherent 
whole of Bowen’s text, and the concept of 
the book automatically excludes subject 
areas now providing major constraints on 
igneous petrogenesis, including, notably, 
stable and radiogenic isotopes and trace 
element geochemistry. The volume will 
readily find a place on most research 
petrologists’ shelves and is a required 
updating for those actively involved in 
experimental petrology and in its contri¬ 
butions to the wider field of igneous 
petrogenesis.— D. H. Green, Geology, 
University of Tasmania, Australia 


Gems Made by Man. Kurt Nassau. 364 
pp. Chilton, 1980. $28.50. 

It is stated in the Preface that this book 
is intended for three types of readers: the 
general reader, the gem expert, and the 
technical reader. The author has managed 
skillfully to present the material in a 
manner appealing to all three types. 
Technical data for each synthetic gem are 
summarized but can be passed over with 
little loss by the general reader. Yet their 
inclusion makes the book a valuable ref¬ 
erence for the gem expert, who for the first 
time will be able to find this material in 
one place. 

Nassau has taken a historical approach 
to the subject in general as well as to the 
various methods of crystal growth, An 
attractive feature of the book is photo¬ 
graphs of early workers and illustrations 
of their original apparatuses, Nine¬ 
teenth-century efforts to synthesize gems 
culminated in Verneuil’s perfection of the 
flame-fusion technique in 1902, and ruby 
became the first gem to be synthesized in' 
sizes large enough to be used in jewelry, 
The “Verneuil method,” essentially un¬ 
changed, is used today to produce millions 
of carats of gem materials. During the 
20th century other methods of crystal 
synthesis have been developed, expanding 
the number of man-made gems. 

The book is well organized, with the 
gems-ruby, sapphire, quartz, emerald, 
diamond, alexandrite, and opal—con¬ 
sidered more or less in the order in which 
they appear as manufactured products. 
The method or methods of synthesis and 


the similarities and differences between 
the man-made product and the natural 
gem analogue are given for each. A dis¬ 
proportionate amount of space (3 chap¬ 
ters) is devoted to diamond, for at present 
synthetic diamonds are not used as gems. 
However, diamond imitations are of great 
importance today. The most convincing 
are synthetic compounds that have no 
natural counterparts. Of these, cubic zir- 
conia is preeminent, for as a cut stone it is 
almost indistinguishable from diamond. 

This book, written by a leader in the 
rapidly changing field of crystal synt hesis, 
will be a valued addition to the library of 
the gemologist, crystal chemist, anti 
mineralogist.—C. S, Hurlbut, Jr., Earth 
Sciences, Harvard University 


Marine Gravity. Peter Dehlingcr. 
Oceanography, 22. 322 pp. Kkvicr 
Scientific, 1978. $70.75. 

This is probably the first hook devoted 
entirely to the topic of marine gravity. 
Starting with a historical introduction, it 
covers such topics as geoid and reference 
spheroid, earth tides, structure and inte¬ 
rior of the earth, gravity-measuring in¬ 
struments, gravity reductions, interpre¬ 
tation methods, and, finally, it presents a 
review of marine gravity surveys. A fairly 
complete reference list of papers is in 
eluded. 

However, when one examines thr? var¬ 
ious topics in detail, especially from the 
point of view of a teacher, the book’s 
shortcomings become apparent. The au¬ 
thor makes no attempt to consider dif¬ 
ferent views on any given topic and then 
discuss them in an incisive way. Marine 
gravity has evolved considerably in the 
last 20 years, in terms of instrumentation, 
methods of interpretation, and in the in¬ 
terpretation of results. The reader cannot, 
sense from the book that this evolution 
has taken place. 

Three kinds of problems loom large* 
here. First, many concepts are explained 
poorly. Second, there appear to be factual 
errors. Third, the results of published 
papers are simply restated and summa¬ 
rized without any effort at critical evalu¬ 
ation. 

To illustrate, the cross-coupling error 
is an important but simple concept in I 
marine gravity measurements, but the 
author explains it in a very labored way 
that is hard to follow, For a highly over¬ 
damped meter, cross-coupling is large 
when a ship’s horizontal and vertical ac¬ 
celerations are 90° out of phase. The error , 
is large not because positive and negative \ 
errors do not compensate each other 
completely but because the gravimeter 
beam and the horizontal accelerations 
have a consistent phase difference of 0° or 
180® and the error retains its sign through 
a full cycle of wave motion, Other errors 
caused by horizontal accelerations also do 
not seem to be fully appreciated by the 
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author. The errors in gravity measure¬ 
ments arise principally from the difficulty 
in locating the true vertical in the pres¬ 
ence of long period horizontal accelera¬ 
tions. The errors are almost identical 
whether a stable platform is used or a 
meter is suspended in a gimbal frame and 
the Browne correction is calculated. 
Dehlinger’s lack of understanding extends 
to the Vening-Meinesz pendulum system, 
about which he makes the erroneous 
statement that “second-order horizontal 
and vertical accelerations are produced by 
waves with periods long compared to 
those of the pendulums.” Actually, errors 
might even be more severe for shorter 
period accelerations. The analysis by 
Browne simply did not cover these shorter 
periods. 

On pages 97-99 the author discusses 
the relation between gravity anomalies 
and elevation. He concludes that they are 
related in some cases but misses the whole 
point of the importance of the relation¬ 
ship. 

Several free-air gravity maps in the 
book ought to be useful, but they are not 
discussed in a very satisfactory and 
meaningful way. Also very nearly useless 
are the structure sections computed from 
gravity. The present knowledge of density 
inhomogeneities in the upper mantle 
makes such computations very suspect. 

A large number of useful references 
have been given, but there seem to be a 
tew curious mistakes, On page 94, the 
author states that “ J. L. Worzel, while at 
the Lamont-Doherty Geological Obser¬ 
vatory, developed two-dimensional, 
pseudo-Airy-isostatic computational 
procedures,” but there is no reference to 
any publication. Dr, Worzel has indeed 
made many contributions to gravity, but 
t his is one thing he did not do; and it is 
strange that this idea is credited to him. 

The volume is of use principally as a 
source for original references for further 
study. It is clear that a book that presents 
the developments in marine gravity in a 
clear way has yet to be written.— Manik 
Talwani, Lamont-Doherty Geological 
Observatory, Columbia University, Pal¬ 
isades, NY 


Process in Geomorphology. Clifford 
Embleton and John Thornes, eds, 436 
pp. Halsted Press, 1979. $44,95. 
British geomorphologists have been 
providing a rapid flow of monographs, 
symposium volumes, and specialized 
textbooks in the last decade, reflecting the 
increased interest in the subject 
throughout the nation. The emphasis of 
British geomorphology is on “processes” 
rather than on landscape description qr 
genesis. The subject as taught in Britain 
in closer to soil mechanics, pedology, and 
hydrology than to geology. In fact, it is 
startling to a North American geologically 
trained reviewer that a book of this length 
could have been written without more 


than passing mention of plate tectonics 
and Pleistocene climatic change. 

A notable feature of the volume is the 
integration of soil and fluid mechanics 
with geomorphology. In general, the in¬ 
tegration has been successful, perhaps not 
as thorough as an engineer would like it to 
be, but certainly accurate. Introductory 
chapters on soil and fluid mechanics are 
followed by chapters on weathering, mass 
movement, and fluvial, glacial, eolian, and 
marine processes, as well as a few other 
less well defined processes. The discus¬ 
sions of soils, slope failures, and subsur¬ 
face processes are especially good exam¬ 
ples of the integration of ideas from re¬ 
lated disciplines. The chapters on fluvial 
and glacial processes nearly neglect 
landscape: laboratory tests and equations 
of flow dominate, although photographs 
show real rivers and glaciers. Case studies 
would have been useful here. 

In general, this is a very readable review 
of current research into the processes that 
change landscape by six well-qualified 
contributors, including the editors,— 
Arthur L. Bloom, Geological Sciences, 
Cornell University 


Cape Cod Environmental Atlas. Arthur 

H. Brownlow, ed. 62 pp. Department of 

Geology, Boston University, 1979. $5 

paper. 

Regional environmental planning in the 
coastal zone is becoming increasingly 
important because of demands of rapidly 
growing populations on limited and often 
already overused or misused coastal re¬ 
sources. Those who make land-use deci¬ 
sions need to know not only the location 
and extent of regional resources but, more 
important, the nature and governing 
processes of the natural systems of which 
these resources are a part. Yet seldom is 
this information available in a form which 
is usable to them. 

This atlas is designed to serve that 
function for the Cape Cod region of 
coastal Massachusetts. In the words of its 
editor, it “consists of six articles and ten 
maps that summarize our present 
knowledge of the geology, vegetation, 
ground water, coastal processes, ar¬ 
chaeology, and current land use of Cape 
Cod” assembled as “an interdisciplinary 
effort by faculty and staff from four dif¬ 
ferent departments at Boston Univer¬ 
sity.” 

The book, then, to its credit, is an 
“atlas” only in part. It might better have 
been called an environmental guide, for 
the authors have attempted to extract 
from their specialties a comprehensive 
and comprehensible picture of processes 
to lead the reader to an understanding of 
the environment, Herein lie the bookV 
strengths as well as its weaknesses. This 
kind of communication requires skilled 
writing—systematic yet lively, with em¬ 
phasis always on clarity and simplicity. 
While most of the articles achieve this, the 


articles on ground water and shoreline 
processes do not. Both discuss specifics to 
the neglect of the general. 

However, the ultimate contribution of 
this book is not to improved environ¬ 
mental planning on Cape Cod but rather 
to the development of regional environ¬ 
mental guides. It is gratifying that such a 
broad interdisciplinary outreach project 
was achieved at a large urban university. 
I hope that the idea of this book spreads 
far ,—Graham S. Giese, Center for 
Coastal Studies, Provincetown, MA 


Life Sciences 

The Biology of Crop Productivity. 

Peter S. Carlson, ed. 471 pp. Academic 

Press, 1980. $39.50. 

The editor’s aim in this book was to 
present “a biological description of crop 
productivity.” His 14 authors, mostly 
from Michigan, take him part of the way 
on ten important subjects—photosyn¬ 
thesis, nitrogen fixation, adaptation to 
drought, viruses, fungal diseases, mycor- 
rhizae, nitrogen metabolism, transloca¬ 
tion, molecular biology, and mutagenesis. 
Other topics of equal significance are not 
touched. 

The first chapter, on photosynthesis, by 
Good and Bell, points out that improve¬ 
ments in productivity will come from 
modification of the regulatory processes, 
yet this is precisely where Garlson’s book 
is weakest. Regulatory mechanisms are 
discussed in a few chapters, but there are 
no accounts of plant development or of its 
regulation by either hormones or day 
length. 

Carlson clearly had in mind the even¬ 
tual use of recombinant DNA techniques 
as a “Trojan horse” for the incorporation 
of specific physiological traits to enhance 
productivity, But, as the thoughtful 
chapter by Walbot points out, it is a long 
way from isolated gene to new crop vari¬ 
ety, and molecular masterpieces have yet 
to prove their superiority in the real world 
of the crop. Brock’s comment that the 
existence of linked-gene complexes may 
limit the usefulness of induced mutations 
could also apply to the products of re¬ 
combinant DNA. 

The generous length of many of the 
chapters has allowed the authors to range 
widely and thoughtfully, as in the con¬ 
tributions on photosynthesis and adap¬ 
tation to drought. But the editorial hand 
has been rather light: a reference, to a 
missing chapter by the editor remains, the 
U.S. farmer does not feed over one-fourth 
of the world’s population, and the exam¬ 
ple given of a palindrome is not palin¬ 
dromic. More seriously, the bibliographies 
suggest that many of the chapters were 
prepared in 1976, although a few later 
references have been added. L. T. 
Evans, CSIRO, Canberra 
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Soil Physics. T. J, Marshall and J. W. 

Holmes. 345 pp. Cambridge University 

Press, 1979. $64.50 cloth, $18.95 

paper. 

Textbooks suitable for use at the un¬ 
dergraduate level of teaching in soil 
physics are rare indeed. This attractive 
book should, therefore, be welcomed by 
lecturers of undergraduate courses in the 
subject, The authors have set themselves 
the dual objective of writing a book for 
students of soil physics and also for sci¬ 
entists from various backgrounds who are 
concerned with soil physics but are not 
specialists in the field. They have stuck 
remarkably well to meeting this goal 
throughout the book, but in order to meet 
the second part of their objective, some 
sections are far too elementary for 
upper-level undergraduates, 

The numerous references to practical 
field applications and the way in which 
references to in-depth publications on 
specialized topics are given will render the 
book very valuable to the young graduate 
after he has left the university. By con¬ 
sulting them it will be so much easier for 
him to obtain the necessary background 
information on any specific topic in soil 
physics which he has to investigate. This 
aspect of course also renders the book a 
useful tool in the hand of any young re¬ 
searcher already involved in the field. The 
authors also make a point of drawing the 
attention of the reader to exciting new 
areas of research in soil physics, which 
should be very stimulating to students 
and young researchers. 

The sensible way in which the SI sys¬ 
tem of units is introduced in the book 
deserves special praise. The changeover 
to SI is a particularly prickly problem for 
lecturers at this stage because most of the 
useful publications of not so long ago still 
use other units. The volume is an excel¬ 
lent example of how to handle this prob¬ 
lem.— Michiel C, Laker, Soil Science, 
University of Fort Hare, South Africa 


Topics in Plant Population Biology. 

| Otto T. Solbrig, Subodh Jain, George 
f B. Johnson, Peter H. Raven, eds. 583 

pp. Columbia University Press, 1979. 

$25. 

Research in population biology has 
drawn on the disciplines of evolutionary 
biology, ecology, population genetics, 
systematics, physiology and, most re¬ 
cently, molecular biology, This diversity 
is reflected in this volume. Dedicated to 
G. Ledyard Stebbins, it is the result of a 
1977 conference attended by a group of 
relatively young, active plant population 
biologists and contains 19 chapters, each 
written by a different author. Contribu¬ 
tions are organized into three areas- 
adaptation and genetic variation, life 
cycle parameters, and energy harvest and 
nutrient capture—and the chapters re¬ 
flect a variety of interests and views. 
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Noteworthy is the coverage of energy 
harvest and nutrient capture, topics 
which are often slighted in population 
biology. This section will remind some 
biologists of or perhaps introduce them to 
these unique aspects of plants. Collective 
volumes resulting from symposia often 
tend to be narrow in perspective, and the 
individual contributions limited to the 
author’s research, but this book is excep¬ 
tional in the diversity of areas covered and 
in the breadth displayed in each chapter, 
The volume concludes with a perspective 
essay by Raven on future directions in 
plant population biology. The book is 
central to its discipline, and should be 
read by every student of plant population 
biology, It also provides an excellent in¬ 
troduction for others to this rapidly de¬ 
veloping field—Barham Schaal, Biology, 
Washington University 


Paleobiology of the Invertebrates: 

Data Retrieval from the Fossil Record, 

2nd ed. Paul Tasch. 975 pp. Wiley, 

1980. $32.95. 

Eleven chapters in this massive text 
cover invertebrate and protist fossils. The 
remaining four, plus two appendixes, 
discuss various bases for interpretation. 
The book does not vary much in its range 
from the most comprehensive pre-1960 
paleontology texts, emphasizing charac¬ 
terizations, morphology, classification of 
major invertebrate fossil groups, and basic 
biological information. 

Interpretive sections present topics in 
biostratigraphy, functional morphology, 
and paleoecology, among others, as a se¬ 
ries of case history studies, It would have 
been preferable to generalize, indicating 
patterns, rather than citing case histories 
that seem too specific for a general text. 

This second edition is little changed 
from the first, Although some topics (e.g. 
Archacocyatha) have been revised in light 
of newly available information, most 
chapters are virtually unchanged, in spite 
of the fact that much interesting work has 
recently been published on each group 
covered, Any taxonomic specialist could 
carp at details, but the author has made 
a prodigious and commendable effort to 
survey the broad fields of invertebrate 
biology and paleontology. It is the most 
ambitious descriptive paleontology text 
in decades. 

A major criticism involves omissions. 
The journal Paleobiology was begun after 
the first edition of Tasch’s book was 
published and had an immediate impact 
on approaches. In the 1% years prior to 
the appearance of the second edition, the 
topics most frequently treated in Paleo¬ 
biology were functional morphology, ev¬ 
olutionary equilibrium, rates and mode of 
species evolution, community analysis, 
rates of taxonomic evolution, macroevo¬ 
lution and niche exploitation, effects of 
randomness, and paleobiogeography. One 


looks in vain for most of these topics in the 
revised text. 

The book should be usable as a text for 
upperclass undergraduates. Anyone 
teaching a rigorous, metnorizatioii nri- 
ented paleontology course should consider 
adopting this book, which is much more 
extensive than other recently published 
paleontology texts,—Frank K. McKin¬ 
ney, Geology, Appalachian State Uni¬ 
versity 


A Cold Look at the Warm-Blooded 

Dinosaurs. Roger D. K. Thomas and 

Everett C. Olson, eds. 514 pp. Westview 

Press, 1980. $28.50. 

Most of the dozen papers that comprise 
this collection were given at the 11)78 
AAAS Annual Meeting; several others 
were invited later by the editors to pro¬ 
vide a fuller picture of thermoregulatory 
possibilities in modern animals. The 
question of dinosaurian metabolism was 
one of the most active topics in paleobio¬ 
logy of the 1970s, a decade that witnessed 
a revolution in paleontology. This book is 
an interesting measure of how far we have 
come and how far we have to go. 

There are at least three questions here: 
endothermy, homoiothermy, and 
“warm-bloodedness,” and despite re¬ 
peated (and sometimes conflicting) defi¬ 
nitions of these terms, many authors seem 
primarily concerned with behavior and 
activity levels, not with the cellular pro¬ 
cesses they reflect. The closest thing to 
direct evidence of dinosaur metabolism is 
found in the histology of their bones. Ar- 
mand de Ricqles, in the frankest and most 
valuable contribution to this volume, re¬ 
views his evidence that the bones of di¬ 
nosaurs and mammallike reptiles were 
extremely similar in growth and con¬ 
struction to those of their descendants, 
birds and mammals. This appears to re¬ 
flect similarities in the underlying pro¬ 
cesses of growth and metabolism. Buttle 
Ricqles acknowledges that there is still 
much to learn about bone histology ami 
that it may not tell the whole story. Most 
of the neontologists, by contrast, review 
interesting facets of metabolism in mod¬ 
ern animals but do little more than pro¬ 
vide physiological alternatives to the 
problems of thermoregulation. Few seem 
well acquainted with their Mesozoic 
subjects and few explore more than one 
line of evidence. Not surprisingly, most of 
these indirect approaches end up on the 
antiendothermic side. 

At the other extreme is Robert Bakker, 
the most vocal champion of dinosaur en¬ 
dothermy, and virtually the subject of the 
book himself. His passionate and eclectic 
arguments are wonderfully rhetorical hut 
seldom convincing, although he may .be 
arguing many of the right points, Bakker 
provides opinions and “possible models,” 
but most of his lines are left dangling. His 
clever approaches have fueled the hot- 


blooded debate for the past decade, al¬ 
though he seems at times to be baiting his 
opponents with red herrings. 

This book is at once the summary and 
the prospectus of a still-smoldering area; 
it will inform and challenge most readers. 
There is an introduction by the editors 
but no editorial summary or prospectus. 
This omission is unfortunate, because the 
lines of argument invoked in this debate 
badly need disinterested evaluation of 
their respective explanatory potentials. 
What do the agreements and inconsis¬ 
tencies mean? Is further work possible or 
productive? The paucity of professional 
books about dinosaurs makes this con¬ 
tribution timely; it remains to be seen 
whether this problem can continue to 
support the level of attention given it so 
far, and what it can tell us about the limits 
of paleontological inquiry.— Kevin Pad- 
ian. Paleontology, University of Cali¬ 
fornia, Berkeley 

The Fossil Hunters: In Search of An¬ 
cient Plants. Henry N. Andrews. 421 

pp. Cornell University Press, 1980. 

$28.50. 

'Phis book is a study of the development 
of paleobotany from the 17th century to 
the present. The author’s extensive 
knowledge of the subject and his personal 
acquaintance with those who have been 
most active in the field during this cen¬ 
tury combine to give a readable narrative 
of the developments viewed as most sig¬ 
nificant by the people involved. The vol¬ 
ume can therefore be recommended to 
anyone with a general interest in the 
subject and with a particular interest in 
tire 20th century. 

As a monograph that satisfies histori¬ 
ans of science the book is less successful. 
Part of the difficulty here is its arrange¬ 
ment. It begins by tracing the thoughts of 
investigators in the 17th, 18th, 19th, and 
20th centuries in England, continues with 
North American discoveries from the 
early 19th century on, and then succes¬ 
sively recounts the developments in 
Scandinavia and the Arctic, in Central 
Europe, in France, Belgium, and Holland, 
and in the Soviet Union. Approaching the 
subject on the basis of the geographic lo¬ 
cation of the investigators seems to ob¬ 
scure any historic relationship that may 
exist between these various people and 
t heir ideas. Historical interpretation is for 
the most part lacking. The narrative 
rarely takes into account the social, cul¬ 
tural, or even political factors that in¬ 
fluenced developments. For example, that 
part of the work dealing with the 17th 
century, while recognizing that the In¬ 
vestigators usually relied on the Biblical 
deluge as the explanation for fossils, fails 
to point out the significance of this belief 
in creating the milieu in which most geo¬ 
logical work was done at the time—Palsy 
A. Gerstner, Howard Dittrick Museum of 
Historical Medicine, Cleveland 


Insect-Fungus Symbiosis: Nutrition, 

Mutualism, and Commensalism, Lekh 

R. Batra, ed. 276 pp, Halsted Press, 

1979. $27.50. 

Of the various aspects of fungal biology, 
symbiosis is one of the most important, 
fascinating, and neglected. The book 
under consideration is a valuable contri¬ 
bution to the subject. To do it justice, the 
reader must recognize its character. It is 
not offered as a general treatment of 
fungal symbiosis but as a collection of 
papers constituting a symposium 
(Tampa, 1977); these cannot present all 
examples of symbiosis. The relations be¬ 
tween Septobasidium and scale insects so 
delightfully described by Couch, the role 
of flies in the fertilization of rust fungi 
discovered by Craigie, the dissemination 
of Polyporus volvatus and the fungus of 
Dutch elm disease by beetles, and of truf¬ 
fles by mammals—these are not de¬ 
scribed. Nor are the most famous fungal 
mutualism, in the lichens, nor the most 
important, mycorrhizae; nutrition, mu¬ 
tualism, and commensalism; insects and 
fungi; areas of investigation by available 
authors—such are the intended limits. 

The introductory chapter, “The Fungi 
Versus the Arthropods," is by exception 
a general and nontechnical discussion. 
The final chapter presents generalizations 
drawn from the preceding papers or per¬ 
taining to the subject of the volume, Be¬ 
tween are treatments of the symbiosis of 
fungi and beetles, fungus-culturing ants, 
termites, and wood-wasps, and chapters 
on the Trichomycetes and Laboulben- 
iales. All are competent and instructive; 
the chapter on Trichomycetes seems to be 
an encyclopedic article on these fungi 
rather than a discussion of their ecology, 
and is often hard reading. The editor, who 
organized the symposium, has brought 
out a desirable addition to biological lit¬ 
erature, of especial use to mycologists and 
entomologists who see their materials as 
more than laboratory subjects.—Donald 
P. Rogers, Botany, University of Illi- 


Evolutionary Biology of Parasites. 
Peter W. Price, Monographs in Popu¬ 
lation Biology, 15. 237 pp. Princeton 
University Press, 1980. $17.50 cloth, 
$6.95 paper. 

Parasites hold a very special and im¬ 
portant place in the economy of nature: 
this is probably the single most important 
take-home lesson one acquires from 
reading this small but thought-provoking 
volume, Parasites undoubtedly represent 
the most common feeding strategy among 
living organisms, exceeding in number all 

others combined including predators, long 
viewed as their biological equivalents, The 
narrow habitat preferences, population 
structure, and highly diversified repro¬ 
ductive strategies of parasites provide a 
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in any other group, making them ideal 
subjects for testing current theories in 
ecological and evolutionary biology. 

Price’s book represents the most suc¬ 
cessful attempt thus far to provide an 
overview of parasite biology cast in an 
evolutionary context. The book is re¬ 
freshing in that host-parasite interactions 
are considered in the light of recent ge¬ 
netic and ecological developments, with 
a minimum of dogma and conventional 
wisdom, The definition of a parasite has 
been rightly broadened to include any 
species that gains most of its food from a 
single living organism, as do many plant 
feeders, thus swelling the parasitic ranks. 
Of particular interest is the attention 
given to the pattern of gene-for-gene in¬ 
teraction between host and parasite for 
survival and host-selection genes, which 
now appears to be a rather widespread 
phenomenon among parasites, Such close 
genetic ties have broad implications in the 
field of evolutionary and applied biology. 
Host races, “biotypes,” and strains nar¬ 
rowly adapted to specific host genotypes 
may evolve rapidly, creating special evo¬ 
lutionary and pest-control problems. 

The author ends with a plea for more 
research on the biology of parasites. This 
little understood but major biological di¬ 
mension remains to be explored, and the 
results can only further expand our un¬ 
derstanding of the evolutionary process. 
The book makes stimulating reading for 
individuals working on parasitic organ¬ 
isms from bacteria and viruses to insects 
and nematodes, and, in fact, for anyone 
interested in evolution.—Guy L, Bush, 
Zoology, University of Texas 


New Technology of Pest Control. Carl 

B, Huffaker, ed. 500 pp. Wiley-Inter- 

science, 1980. $29.50 

The progress that has been made in 
integrated pest management (IPM) pro¬ 
grams is summarized in this book. Since 
1971, when a national IPM research pro¬ 
gram was backed by a multimillion dollar 
investment from NSF and EP A, scientists 
have endeavored to replace routine pes¬ 
ticide treatments with “an ecologically 
based pest control strategy.” If the goal of 
IPM is achieved, pesticide use in agri¬ 
culture and forestry would be reduced 
from the current high levels and damage 
to the environment minimized, 

The subjects discussed in the volume 
range from the role of systems analysis in 
IPM to improvements in cotton pest 
control. It is surprising that corn growers, 
the second largest users of insecticides 
and the largest users of herbicides, were 
not a major target for the IPM program. 
An explanation of the rationale for this 
decision would have been welcome. 

A list of the accomplishments of the 
IPM project includes: shifting the focus 
from pests per se to the crop plant, ap¬ 
proaching pest management as a part of 
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the “total crop production system,” de¬ 
veloping an “organizational framework,” 
for research in IPM, and recognizing that 
“models” of all kinds are essential to IPM 
projects and that IPM research is multi¬ 
disciplinary. 

Certainly these are encouraging and 
welcome trends in pest control technolo¬ 
gy, but the major aim, that of reducing 
pesticide use, is hot on this list, and its 
omission is indeed surprising. Only three 
chapters discuss how pesticide use was 
reduced in several crops and how crop- 
production profits improved. As indicated 
above, many chapters focus on modeling 
and systems analysis. I would have valued 
more information about the implemen¬ 
tation of IPM under practical agricultural 
conditions. Undoubtedly much can be 
learned as these programs are tried in the 
field and tested against the complexities 
of agriculture and the environment. 

Despite this shortcoming, Huffaker and 
his colleagues are to be commended for 
their major effort to implement ecologi¬ 
cally sound pest-control strategies. As this 
new technology is adopted, farmers and 
society will profit in terms of reduced 
pest-control costs and an improved envi¬ 
ronment. Certainly researchers interested 
in integrated pest management will find 
this volume a valuable resource, especially 
in providing information on models and 
organization of cr op and pest systems.— 
David Pimentel, Entomology, Cornell 
University 


Biology of Communication. D. Brian 

Lewis and D. Michael Gower, Tertiary 

Level Biology. 239 pp. Halsted Press, 

1980. $27.95. 

How and why animals communicate are 
questions that have long fascinated man, 
but it was the relatively recent advent of 
portable electronic field equipment that 
permitted the direct quantitative study 
of inter- and intraspecific signaling by 
animals in their natural habitat. As stated 
in the Preface, this volume is not designed 
as an introduction to animal behavior or 
neurophysiology but rather as a text for 
the advanced undergraduate with prior 
knowledge in these fields. 

Largely restricting the discussion to 
olfactory, visual, and auditory signals, the 
authors gather together a wealth of in¬ 
teresting case studies to expound the 
principles of animal communication, The 
book opens with an examination of the 
various known context-specific signals 
used by animals, followed by a discussion 
of the sensory capabilities of several ani¬ 
mal groups, including a brief consider¬ 
ation of the mechanisms underlying the 
coding of complex stimulus parameters by 
receptors. In what is probably the weakest 
section of the book, the authors spend a 
great deal of effort describing what they 
call motivational gating, or the modula¬ 
tion of sensory input by the CNS. The 
evidence they present for this phenome¬ 


non arises from a series of studies of 
electrically evoked aggressive behavior in 
cats. Perhaps a more appropriate discus¬ 
sion might have centered around the ef¬ 
fect of efferent stimulation on the hair 
cells of the mammalian auditory system 
or the modulation of amacrine cell activity 
by cells in the isthmooptic nucleus of 
birds and reptiles. 

The section on central integration and 
the control of behavior is illustrated by 
several examples of communicatory be¬ 
havior for which the purported underlying 
neural substrates are examined—e.g. the 
central pattern generator responsible for 
cricket wing stridulation and the com¬ 
mand neuron triggering of the courtship 
sequence of grasshoppers. It is only in the 
second half of the book, in the chapter on 
signals and their evolution, that the real 
stuff of communication behavior is en¬ 
countered. Here we find a cogent treat¬ 
ment of the origin of animal signals, the 
role of stereotypy and ritualization, and 
the limitations of the concept of stable 
conflict, Unfortunately, the examples 
cited in this chapter, as well as in the lxtuk 
as a whole, derive in large part from the 
insects and birds; very little mention is 
made of studies of amphibians, reptiles, 
or mammals. The last sections of the 1* 4 
treat courtship behavior and methods for 
behavioral sequence analysis, respec¬ 
tively. 

The text contains a smattering of con¬ 
ceptual errors and a disturbing number of 
inaccuracies, presumably the result of 
less-than-careful editing. The authors' uve 
of the term mass when they mean im¬ 
pedance (p.47) or density (pp. 135, IMG}, 
the statement that cells in the higher 
centers.of the mammalian auditory 
pathway are more frequency-selective 
than auditory nerve fibers (p. 104), and 
the figure (Fig. 2.2) that gives the upper 
limit of heating in man as 2 kHz are but a 
few examples. Despite these shortcom¬ 
ings, this highly readable volume at¬ 
tempts to provide an integration of the 
fields of neurophysiology and behavior n 
formidable task at which it only partly 
succeeds.—Peter M. Narins, Biology, 

University of California, Los Angelos 


Animals as Monitors of Environmental 
Pollutants, National Research Coun¬ 
cil' Symp., Univ, of Connecticut, 
1977. 421 pp. National Academy of 
Sciences, 1979. $20.50 paper. 

This is a collection of papers delivered 
at a symposium on Pathobiology of Kn- 
vironmental Pollutants. Unfortunately, 
if the name of the symposium is rather 
explicit, the title of the proceedings is, at 
best, misleading. 

Of 32 papers, 2 present mathematical 
models, only 11 are devoted to observe- 
tions in the field, 16 deal with laboratory 
experiments (clinical, pathological, his¬ 
tological, and ultrastructural studies, 


isays, etc.), and 3 turn out to be re¬ 
views. Even if laboratory experiments 
constitute a prerequisite to monitoring, it 
is hard to believe that brain lesions re¬ 
sulting from the experimental methyl 
mercury poisoning of monkeys could lead 
to a means of monitoring that pollutant, 
or that the voluntary activity of mice 
could really serve as an indicator of smog. 
On the other hand, the observations in 
situ arc sometimes weak: several of them 
do not lead to any conclusion or are re¬ 
lated to vague environmental character¬ 
istics. 

Another point concerns the first word 
of the title. Animals are restricted to 
mammals (15 papers), birds (10), fishes 
(4), mollusks (4), and amphibians (1). 
Only two allusions are made to arthro¬ 
pods, which represent three-fourths of all 
living animals and are intensively used for 
monitoring pollution, It is an inappro¬ 
priate title also because animals, espe¬ 
cially as indicators, can he studied at dif¬ 
ferent levels of integration, from the cell 
to the ecological community. Unfortu¬ 
nately, the papers are restricted to the 
study of pathobiology (also indicated by 
the symposium name). Accordingly, I 
doubt that this book will be of great in¬ 
terest to ecologists and others interested 
in monitoring the environment through 
animals. 

For people interested in pathobiology, 
I should add that the book is divided into 
six sections: overview (2 papers), aquatic 
pollutants (8), heavy metals (7), air pol¬ 
lution (3), fluoride (1) and pesticide tox¬ 
icity (11), followed by 21 “abstracts and 
posters.*'—//. M. Andrd, Animal Ecology, 
Catholic University of Louvain, Bel- 
Ilium 


Human and Mammalian Cytogenetics: 
An Historical Perspective. T. C. Hsu. 
186 pp. Springer-Verlag, 1979. $11.80 
paper. 

T. C. Hsu has written an enjoyable, 
onee-over-lightly account of the devel¬ 
opment of human and mammalian cyto¬ 
genetics in the 26 years since his acci¬ 
dental discovery of a way to make supe¬ 
rior chromosome preparations got this 
field off to a running start. Students may 
find it useful because of its comprehensive 
though superficial coverage of many of the 
various areas that have opened up within 
cytogenetics in the last two decades and 
i ts vignettes of the contributions of many 
people, most of them still active, Those in 
the field may enjoy seeing their world 
through T.C.’s eyes. 

The best parts of the book are those 
dealing with the author’s own contribu¬ 
tions— the hypotonic revolution, big cats, 
comparative cytogenetics, mammals for 
cytogenetics—and the ATLAS. The book 
accurately reflects T.C.’s own approach to 
research: his enjoyment of working with 
other scientists, his interest in applying 
new techniques to a wide range of species, 


his lesser concern for theory than for ex¬ 
periment, and his love of scientific com¬ 
munication at a personal level rather than 
through dependence on the literature. 
Perhaps that is why he devotes a whole 
chapter to the Somatic Cell Genetics 
Conferences, a not particularly useful 
forum but one where he met a number of 
young cytogeneticists for the first time, 
and fails to mention Chromosoma or 
Cytogenetics and Cell Genetics, two 
major journals which published many 
articles on mammalian or human cyto¬ 
genetics during the years Hsu served on 
their editorial boards. This preference for 
personal contact may be responsible for 
some of the imbalance in the account, 
because the contributions of people with 
whom T.C. may not be well acquainted 
appear to receive less attention. 

Despite the disarming candor of Hsu’s 
style, the reader will look in vain for ex¬ 
amples of the kind of scientific infighting 
and clashes of personality depicted in The 
Double Helix. In the author’s view, the 
history of cytogenetics can be told without 
spilling the beans on the colorful assort¬ 
ment of characters with whom he has as¬ 
sociated during his exciting career.— 
Orlando J, Miller, Human Genetics and 
Development, College of Physicians and 
Surgeons, Columbia University 


Monoclonal Antibodies: Hybridomas: 

A New Dimension in Biological Anal¬ 
yses. Roger H, Kennett, Thomas J. 

McKearn, Kathleen B. Bechtol, eds. 
423 pp. Plenum, 1980. $29.50. 

Hybrid cells derived from cell fusion 
have been utilized for years in a variety of 
applications—for example, in genetic 
studies. However, since Kohler and Mil- 
stein’s observation that lymphoid cells 
expressing a specific function could be 
hybridized to appropriate transformed 
cell lines and the specific function main¬ 
tained indefinitely, the production of 
lymphocyte hybridomas by cell fusion has 
had an incredible impact on basic and 
applied biological research. Within a few 
years of their report, the first Workshop 
on Lymphocyte Hybridomas was con¬ 
vened, and the potential of the technique 
to generate both hybridomas secreting 
monoclonal antibodies and those ex¬ 
pressing a specific cellular function was 
demonstrated. This book further dem¬ 
onstrates specific applications of hybri¬ 
domas selected for their ability to secrete 
an immunoglobulin of desired specificity. 
The editors have assembled some twenty 
original articles contributed by a number 
of respected investigators to illustrate 
both the production and use of monoclo¬ 
nal antibodies. Specific applications in¬ 
clude the detection of human and rodent 
gene products (e.g. histocompatibility 
antigens, isozymes, immunoglobulin idi- 
otypes), determination of B lymphocyte 
receptor repertoire in neonatal mice, de¬ 


tection of cell differentiation antigens, 
definition of tumor-associated antigens, 
specific immunotherapy, bacterial sero- 
typing, and epitope mapping of viral an¬ 
tigens. 

While the selection of topics does not 
cover all possible applications, it would be 
relatively easy for the reader to utilize the 
methods and general approaches illus¬ 
trated in this book for his or her own re¬ 
search. The articles are well written and 
skillfully illustrated, each containing a list 
of representative, complete references 
through 1979. Generally, the specific ap¬ 
plication is emphasized and the methods 
are either referenced or included in a 
comprehensive Appendix, The Appendix 
includes routine methods for cell fusion, 
culturing, and cloning; methods for 
assaying culture supernatants including 
RIA and ELISA; and sources of myeloma 
cell lines, special materials, and additional 
specific methods. 

The intent of this book is “... to 
present an overview of the production and 
uses of monoclonal antibodies and to fa¬ 
cilitate their application to other areas of 
biology.” It achieves this goal and can be 
especially recommended for those who are 
contemplating using monoclonal anti¬ 
bodies but have not yet done so. The vol¬ 
ume’s greatest asset is that it can be read 
and utilized by individuals without ex¬ 
tensive training in immunology .—Jeffrey 
R. Dawson, Microbiology and Immunol¬ 
ogy, Duke University Medical Center 

Biochemistry and Genetics of Yeasts: 

Pure and Applied Aspects. Metry Ba- 

cila, Bernard L, Horecker, Andres 0. 

M.Stoppani, eds. Proc. Symp., Univ- 

ersidade de Sao Paolo, Brazil, 1977.594 

pp, Academic Press, 1978. $27.50. 

Although this book is subtitled "Pure 
and Applied Aspects,” very little of the 
contents concern applied aspects of yeast 
biology. There is a strong emphasis on 
yeast metabolism, however—a rare find 
in current meeting reports, which often 
focus on yeast molecular genetic studies, 
Likewise, many of the reports are au¬ 
thored by individuals not represented in 
other collections of yeast studies, Some of 
the chapters (e.g. “The Genetic Control 
of Yeast iso-1 and iso-2 Cytochrome C 
after 15 Years," by Sherman and Stewart) 
are fine reviews of many years of study. 
Other articles (e.g. the article on mito¬ 
chondrial genetics and expression, by 
Slonimski et al.) are speculative and have 
since proved to be foresighted. 

There has been an explosion of tech¬ 
nology and information in yeast biology 
in the last few years. It is unfortunate that 
this symposium could not have included 
discussions of exceptions to the genetic 
code in yeast mitochondria, the role of 
mobile yeast elements (TY sequences) in 
regulation of gene expression, and the use 
of yeast transformation to study gene 
structure, for example. 
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There are some very good and fresh 
articles in the book that will be useful to 
those interested in yeast biochemistry and 
genetics; other sections are somewhat 
outdated,—-Anita K, Hopper, Biological 
Chemistry, Milton S. Hershey Medical 
Center, Pennsylvania State University, 
Hershey, PA 


An Introduction to the Chemistry and 
Biochemistry of Pyrimidines, Pur¬ 
ines and Pteridines. Derek T. Hurst. 
266 pp. Wiley, 1980. $39. 

To anyone who has been through ele¬ 
mentary organic chemistry and bio¬ 
chemistry and wishes to begin learning 
nucleic acid chemistry, several hours 
spent with this book will be rewarding. 
The volume touches on almost everything 
needed for background and perspective 
and refers elsewhere for more detailed 
treatment. As the author feared when he 
finished writing in April 1979, parts are 
already dated, He cannot be faulted for 
that but can in part for occasional sloppy 
proofreading.—M, E. Hodes, Medical 
Genetics, Indiana University School of 
Medicine, Indianapolis 


Modern Genetics. Francisco J. Ayala 

and John A, Kiger, Jr, 844 pp, Benja¬ 
min/Cummings, 1980. $21,95. 

This book covers the material in a 
typical one-semester introductory course 
: in genetics for undergraduates, It is a 
promising first edition, though flawed in 
important ways. The treatment of a few 
subjects is imaginative: for example, I 
liked the choice of the fascinating mouse 
T-locus as the chief illustration of com¬ 
plementation analysis, which lends an 
immediacy and interest to the subject 
that is lacking in many genetics texts. 
Teachers will be grateful for the extensive 
tables of data illustrating many topics, but 
their value would have been enhanced if 
more of the tables had been brought up to 
date, had included enough explanation for 
students to understand all the entries, and 
had been properly referenced. 

The problems are perhaps the best 
feature of this book. One of my favorites: 
What would the Lederbergs have con¬ 
cluded about the origin of spontaneous 
mutations if they had studied resistance 
to phage lambda rather than Tl? The 
problems have been creatively designed 
to deepen students’ understanding of how 
geneticists design and interpret their ex¬ 
periments (indeed, this aspect of the 
student’s education is largely relegated to 
the problems) and to tie together and 
build on themes in the main text. 

The subject of population genetics and 
evolution presents the writer with a 
vexatious mixture of highly mathematical 
theory and a muzzy empirical base. Ayala 
and Kiger negotiate this pons asinorum 
creditably. They choose their topics 


carefully so that a minimal level of rigor 
can be maintained without demanding 
from the student any mathematical 
preparation beyond high-school algebra; 
they enliven their discussion with appo¬ 
site illustrations from research literature; 
and on the whole they succeed in giving 
the novice a fair impression of the field. 

The book certainly is not without 
faults. There are some really bad expla¬ 
nations that will confuse and mislead the 
student (a pseudoexplanation of DNA 
renaturation kinetics and the multiple 
confusions attendant on their failure to 
deal squarely with mapping functions 
come to mind as examples). Especially 
bad in this respect are the figures, which, 
for all their professional appearance, are 
ridden with mistakes, confusions, and 
infelicities: a figure in the second chapter, 
for instance, has the wrinkled-seed trait 
of peas segregating pod-by-pod in Men¬ 
del’s crosses, although reason tells us and 
the text emphasizes that this cotyledon 
character should segregate within pods. 
The sort of teacher who maintains that 
“no genetics book is worth anything if it 
doesn’t deal with x ” will find plenty of x ’s 
here; I don’t think these gaps detract 
terribly from the pedagogical value of the 
book, but they do lower its value as a 
compendium of genetical knowledge. 

I did not find this book inspiring: there 
are no compelling narratives that draw us 
vividly into the intellectual dramas of 
genetics, for example, or expositions that 
are conspicuous for their elegance and 
originality. But these are high standards 
to hold it to—standards that perhaps no 
competitive text meets either. The book 
does have solid virtues, especially as a 
teaching text; and perhaps improvements 
in later editions will succeed in making it 
an outstanding book,-George P. Smith, 
Biological Sciences, University of Mis¬ 
souri 

Genetic Engineering: Principles and 
Methods, Vol. 1 , Jane K. Setlow and 
Alexander Hollaender, eds, 269 pp, 
Plenum, 1979. $29.50. 

Recombinant DNA technology prom¬ 
ises to produce advances in both basic and 
applied biological research. The enormous 
impact of gene cloning procedures on 
basic research into genetic organization 
and gene expression is clear: the elucida¬ 
tion of the primary structure of genes and 
their controlling elements can now be 
achieved by application of virtually rou¬ 
tine techniques. However, even with the 
cloning of genes for growth hormone, in¬ 
sulin, and interferon, the promise of ad¬ 
vances in applied research remains simply 
that—a promise. The application of re¬ 
combinant DNA techniques to the field 
of applied biology has been uneven and, 
as yet, generally unsuccessful, a situation 
reflected in this volume. 

The choice of topics does not produce 
a uniform picture of the field of recombi¬ 


nant DNA. The technique of gene cloning 
consists of incorporating a DNA sequence 
of interest into a vector. Articles on clon¬ 
ing double-stranded cDNA and on gene 
enrichment discuss, in some detail, two 
approaches to obtaining a gene, but there 
is no corresponding emphasis on the use 
of the various vector systems that have 
been developed. The potential value of 
using genetic engineering to manipulate 
higher plants is enormous yet unproven; 
five articles deal with aspects of this field. 
The application of recombinant DNA 
technology to developing microorganisms 
capable of producing important human 
gene products, such as insulin and inter¬ 
feron, is much closer to practical success, 
but receives no discussion. These imba¬ 
lances may be rectified in subsequent 
volumes. 

This volume is less than the sum of its 
parts. The articles, generally by authors 
who are leading researchers in the f ields 
they are discussing, are well referenced 
and up to date. The editor’s commitment 
to rapid publication has been met without 
the large number of typographical errors 
that so often accompany attempts of this 
kind. The lack of such errors, together 
with the clear and well-reproduced di¬ 
agrams and illustrations, has resulted in 
a book that is easy to read. The technical 
articles contain many of the minor yet 
useful facts that seldom appear in re¬ 
search publications but are so often im¬ 
portant in the successful application of a 
procedure. The other articles are infor¬ 
mative and often thought-provoking, and 
the introduction provides an interesting 
insight into how the enzyme revolution, 
coupled with an apparent fascination for 
nucleases from exotic sources, has pro¬ 
vided the tools for today’s recombinant 
DNA methodology. 

A book concentrating on recombinant 
DNA techniques would be extremely 
useful but would have to compete with the 
recently published volumes of Methods in 
Enzymology dealing with this subject. A 
book discussing the direct application of 
these techniques to a variety of agro¬ 
nomic, medical, and industrial situations 
might make a good novel. An attempt to 
combine them into a single book simply 
serves to point out how much basic re¬ 
search needs to be done before the arrival 
of the brave new world of genetic engi¬ 
neering. As one author states: "Our con¬ 
tribution’s place in this volume may seem 
as dubious to the reader as it does’ to the 
authors.” The editors should take 
heed .—Malcolm Whiteway, Gmetia 
University of Alberta 


Genetics. Charlotte J. Avers. 659 pp. f) 
Van Nostrand, 1980. $ 21 . 95 , 

Selecting a text for an undergraduate 
course in general genetics is becoming 
increasingly difficult. I know of four new 
texts and two new editions of older texts 
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chondrial DNA (10 articles), mitochon¬ 
drial DNA in Drosophila, Xenopus, and 
man, and kinetoplast DNA. Aspects of 
mtDNA covered in the several papers are: 
physical, restriction, and genetic maps; 
transcription, RNA processing, and tRNA 
structures; and mtDNA replication and 
inheritance, 

Most of the nine sections of this volume 
have at least one fairly comprehensive 
reviewlike article as well as contributions 
on specific features of a system, and with 
this format the book may be useful to 
both interested outsiders and specialists 
in one aspect of extrachromosomal DNA 
who wish to know how their counterparts 
have been doing in another, Given the 
title, a shortcoming of the volume is that 
there is but one article on extrachromo¬ 
somal DNA encoding ribosomal RNA, 
and this deals exclusively with restriction 
maps of rDNA from various species of 
Tetrahymena. There was certainly some 
important work done on the origin and 
replication of extrachromosomally am¬ 
plified rDNA in Tetrahymena and Xen¬ 
opus during the couple of years preceding 
the symposium that could have been 
documented in this book, Nevertheless, 
the volume is a good single source of re¬ 
cent information on extrachromosomal 
DNA, and reference lists accompanying 
the several articles will usually be quite 
helpful to new students and to teachers of 
advanced cell biology courses whose pri¬ 
mary interests, lie elsewhere,—Peter M. 
M. Rae, Biology, Yale University 


Biological Applications of Magnetic 

Resonance. R, G. Shulman, ed. 595 pp. 

Academic Press, 1979, $29.50. 

This volume covers all the topical areas 
in biological NMR, except for zeugmato- 
graphy, Areas covered include nucleic 
acids, protein structure, EPR studies of 
metalloproteins, :iI P NMR of metabolites 
in living tissue and :il P and 13 C NMR 
studies of Escherichia coli cells in vivo, 
Treatment of each general topic proceeds 
from background material and theoretical 
considerations to case studies. Thus, in 
the first chapter, Hilbers guides the 
reader through the complexities of NMR 
spectroscopy of exchangeable protons. 
The next chapter recounts how reso¬ 
nances were assigned and how nonintegral 
signals cause problems in counting pro¬ 
tons. Calculated spectra based on ring 
current shifts from near neighbors are 
compared with observed spectra, 

The above theme is repeated for pro¬ 
tein structure. Aksel Bothner-By offers a 
beautiful treatise on the Nuclear Ov- 
erhauser effect, Starting with a theoretical 
approach, he gives numerous examples of 
how theory was applied in solving some 
small peptide structures. 

Three case studies then follow, which 
demonstrate the extensive repertoire of 
techniques investigators employ in solv¬ 


ing protein structure. Dwek uses models, 
spin labels, and paramagnetic metal ions. 
The next chapter recounts the use of 
model compounds in interpreting the 
NMR spectra of heme proteins. Labeling, 
binding studies, and the use of other 
nuclei, e.g. 19 F, m Cd, 1;) C, have been used 
to get at the solution structure of alkaline 
phosphatase and serine proteases, 

A hot new area, NMR studies of living 
tissue and of whole organisms, has en¬ 
joyed increasing use primarily because it 
facilitates real-time, nondestructive 
measurement of metabolite concentra¬ 
tions, Seven years of development in this 
field are neatly summarized and the 
techniques amply demonstrated. 

Do we learn anything new from this 
book? Much of the NMR work relies 
heavily on other data and at first glance 
may appear confirmatory. Model building 
and x-ray crystallographic studies have 
frequently been invoked to sort out the 
NMR findings, Chemical modifications, 
labeling, and other physical studies have 
been continually used to interpret NMR 
results. The problem is that NMR must 
be evaluated in terms of what it has 
taught us about the matter being studied. 
The answer to the question would appear 
to be yes, NMR has taught us about dy¬ 
namic solution structures while the 
models used to aid interpretation present 
only a static picture. 

The book is extremely well written, 
especially considering its multiplicity of 
authors, The references throughout the 
book are numerous and reasonably up to 
date. Useful tables of data abound, The 
book would serve well as a reference for 
veterans and as a tutorial for someone just 
getting acquainted with the field.— 
George G, McDonald, Biochemistry and 
Biophysics, University of Pennsylvania 


Electrophoresis in the Separation of 

Biological Macromolecules. 0. Gaal, 

G. A. Medgyesi, L. Vereczkey, 422 pp. 

Wiley-Interscience, 1980. $57.75, 

This book provides a good, readable 
introduction to theoretical and practical 
aspects of well-established electrophoretic 
techniques. Information is presented in a 
critical and concise fashion, and the vol¬ 
ume is adequately indexed. However, a 
major shortcoming of the work is that no 
reference is made to literature published 
after 1975; consequently, recent devel¬ 
opments are not discussed, and entire new 
areas of use of electrophoretic techniques 
are not covered. No mention is made, for 
example, of the use of electrophoresis in 
nucleic acid sequencing, and the use of 
electrophoretic techniques in nearest. 
neighbor analysis of membrane proteins 
is only briefly glanced at. The book does, 
nonetheless, provide a solid background 
in electrophoresis theory and applica¬ 
tions.—Darn'd B. P. Goodman, Pathology 
and Laboratory Medicine, University of 
Pennsylvania 


Modulation of Protein Function. 
Daniel E. Atkinson and C. Fred Fox, 
eds. ICN-UCLA Symposia on Molec¬ 
ular and Cellular Biology, 13.470 pp. 
Academic Press, 1979. $22. 

The 26 articles that comprise this pro¬ 
ceedings volume present an overview of 
the general field of the regulation of pro¬ 
tein activity. The specific areas covered 
include the allosteric modulation of en¬ 
zymes involved in intermediary metabo¬ 
lism, regulation in photosynthesis, the 
roles of cyclic GMP and cyclic CMP in 
regulation, and the modulation of protein 
activity by covalent modification includ¬ 
ing ADP-ribosylation, adenylylation, 
phosphorylation, and methylation. A 
good span of molecular systems is dis¬ 
cussed, ranging from the relatively well 
understood cascade systems regulating 
bacterial glutamine synthetase and the 
complement system to the more recent 
findings of reversible protein-methylation 
reactions in bacterial and leucocyte che- 
motaxis. Many of the important labora¬ 
tories working in these fields are repre¬ 
sented. 

The usual advantages and disadvan¬ 
tages of a collection of research articles are 
demonstrated here. The volume is an ex¬ 
cellent source of state-of-the-art infor¬ 
mation in these fields, but few articles 
place the work in larger perspective. As a 
result, it will be of interest to all those 
actively involved in pursuing questions of 
the regulation of protein function, less so 
to those for whom this is a more periph¬ 
eral concern .—Frederick W. Dahlqukt, 
Institute of Molecular Biology, Univer¬ 
sity of Oregon 


Introduction to Biological Mem¬ 
branes. Mahendra Kumar Jain and 
Roger Curtis Wagner. 382 pp. Wiley- 
Interscience, 1980. $29.50. 

_ Intended for graduate students in the 
biomedical sciences, this advanced and 
quite comprehensive book assumes a good 
working knowledge of basic chemistry and 
biochemistry. It begins, as it should, with 
a discussion of phospholipid chemistry 
and the interactions of phospholipids with 
one another to form micelles, bilayers, and 
liposomes. After a general discussion of 
membrane proteins, it treats membrane 
functions, including solute uptake by fa¬ 
cilitated diffusion, active transport, con¬ 
duction of nerve impulses, and endocyt- 
osis. Much of this is quite well done. Vir¬ 
tually all the material on transport is 
clearly written, at a level suitable for ad¬ 
vanced students. There is a good discus¬ 
sion of ionophores, and a useful glossary 
shows the structures of special chemical 
compounds encountered in membrane 
research. 

Qn the other hand, the book has dis¬ 
tinct weaknesses. The material is pre¬ 
sented in a telegraphic manner that can 
inform without educating or inspiring the 
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reader. The authors often appear to be 
outside the mainstream of modern 
thought about membranes. For example, 
an introductory summary of membrane 
structure fails to mention the fluid mosaic 
model, although this has, for better or 
worse, become the dominant idea in the 
field. Similarly, the discussion of mem¬ 
brane protein synthesis skips lightly over 
the role of “signal” sequences in spite of 
a great deal of recent evidence showing 
that these sequences are involved in at¬ 
taching proteins to membranes. 

Typographical and other production 
errors abound. The authors have treated 
the right subject matter in the right order 
but there is room for future books to do a 
better job with the same material.— Jay 
C. Brown, Microbiology, University of 
Virginia 


Introduction to Embryonic Develop¬ 
ment. Stephen B. Oppenheimer. 404 

pp. Allyn and Bacon, 1980. $18.95. 

A subject as complex and controversial 
as embryonic development may be ap¬ 
proached in two ways. A full account of all 
the problems and conflicts may be given, 
with the attendant risk of confusing the 
reader; or a selected and simplified ver¬ 
sion may be offered, which may prove 
misleading to the uninitiated. Oppen¬ 
heimer adopts the second path, without 
entirely avoiding its pitfalls. This is not to 
deny the book’s virtues. It does not as¬ 
sume any background knowledge on the 
part of the reader but begins from the 
basics, including, for instance, a descrip¬ 
tion of meiosis. It hammers home its 
points in short, clear sentences, and with 
frequent repetitions, in a way that allows 
no possible room for confusion. It is 
pleasantly laid out, with frequent illus¬ 
trations, and it covers a number of valu¬ 
able topics that are often neglected in 
basic embryology texts, such as plant de¬ 
velopment, human development, and the 
development of the immune system, It 
would form an excellent basis for teaching 
students with no experience in the field 
who found it necessary to acquire a good 
but limited understanding of the subject 
in a short time—medical students, for 
instance. 

However, I would be more reluctant to 

use it as a text for students who are likely 
to go on to research. Throughout, the tone 
is reassuring rather than provocative, and 
occasionally the impression is given that 
the major mechanisms in development 
have been identified and merely await 
biochemical characterization. In specific 
cases, selective adhesion is offered as an 
explanation, although the text does not 
allow space to adequately represent the 
arguments for or against it. Although it is 
commendable to describe medical impli¬ 
cations, I find it difficult to share the op¬ 
timism that suggests that we are on the 
threshold of major medically useful de¬ 
velopments in the field of human limb 


regeneration, 1 would prefer my students 
to understand from the beginning that in 
this field even the most basic concepts 
and celebrated experiments are open to 
doubt and reinterpretation.—John C. 
McLachlan, Zoology, University of Ox¬ 
ford 

Strategies of Immune Regulation. Eli 

E. Sercarz and Alastair J. Cunningham, 

eds. 537 pp. Academic Press, 1980. 

$39.50. 

This book presents a timely compila¬ 
tion of ideas, opinions, and documenta¬ 
tion on how immune regulation is thought 
to work to control immune responses, One 
hundred experts express their thoughts 
and findings, either by conventional short 
referenced papers or short expressions of 
opinion on such major topics as the gen¬ 
eral regulatory features of the immune 
system; the role of the major histocom¬ 
patibility complex at the cytotoxic cell, 
T-cell, Ir gene, and macrophage levels; 
antibody diversity; immunoglobulin re¬ 
ceptors; function of IgD; lymphocyte in¬ 
teractions and maturation; idiotype reg¬ 
ulation; and control of antiself reactions. 
The material is well presented and offers 
an up-to-date and authoritative summary 
of what is becoming a very complex hut 
important area in understanding how to 
potentiate and control the immune sys¬ 
tem. This book is definitely for the spe¬ 
cialist in cellular immunology, the trans¬ 
plant field, and immunotherapy.—George 
L: Wright, Jr., Microbiology and Immu¬ 
nology, Eastern Virginia Medical School, 
Norfolk 

Biological Principles with Human 

Perspectives. Gideon E. Nelson. 429 

pp. Wiley, 1980. $16.95. 

This is a very readable introductory 
college biology textbook. The author is to 
be commended for his ability to select the 
important concept and to discuss it from 
several perspectives. The title is mis¬ 
leading, however, in that one might expect 
a dialogue between the biological sciences 
and the social sciences; instead, the intent 
is to present biological concepts with 
human examples. The breadth and depth 
of scientific material covered make this 
text well suited for the first-year college 
student. 

The organization and presentation of 
the biological concepts are superb, both 
from scientific and pedagogical vantage 
points. Each chapter includes a list of 
major topics, basic questions, subhead¬ 
ings, and review questions. Although 
bibliographic references are not given, a 
glossary of scientific terms is included. 
The illustrations are frequently ingenious 
and are timely and artistically arranged. 
The choices of epigraphs for the beginning 
of each chapter, on the other hand, are not 
uniformly excellent. One particularly 
tacky example in the chapter entitled 


“More on Hormones” is: “Man may be 
captain of his fate but he is also victim of 
his blood sugar.” 

The inclusion of several chapters on 
energy, calories, and nutrients is a wel¬ 
come response to the misconceptions ad¬ 
vanced by the food industry. The chapters 
on the biosphere are relevant contempo¬ 
rary statements of the current biological 
realities. The lack of mathematical and 
chemical notations in this text make it 
ideal for the general college student.— 
Carol M. Schiller, Biochemistry, Na¬ 
tional Institute of Environmental Health 
Sciences 


Annual Review of Public Health, Vol, 

1, Lester Breslow, Jonathan E, Field¬ 
ing, Lester B. Lave, eds. 411 pp. Palo 
Alto, CA: Annual Reviews, Inc., 1980. 
$17, 

It is difficult to review the annual ac¬ 
tivities in a field as broad and compre¬ 
hensive as public health. The number of 
issues and the overlap with other fields is 
such that a selection of topics, by neces¬ 
sity, has to be somewhat arbitrary. Nev¬ 
ertheless, the editors have succeeded in 
selecting some of the most embattled 
topics, and the 14 chapters give succinct 
descriptions of what is currently worthy 
of review, The volume provides a valuable 
overview of what is fermenting, changing, 
or advancing in the field of public 
health—Hans H. Neumann, M.D., Pre¬ 
ventive Medicine, New Haven Depart¬ 
ment of Health, CT 

Human Nutrition: A Comprehensive 
Treatise, Vol. 4; Nutrition: Metabolic 
and Clinical Applications. Robert E. 
Hodges, ed. 478 pp. Plenum, 1979. 
$37.50. 

This hook, aimed at researchers and 
advanced nutrition students, attempts to 
integrate disease and various components 
of nutrition, The majority of chapters 
describe a disease entity, some of the 
biochemistry related to disease, and some 
aspects of nutritional implications. 
However, it does not appear that nutrition 
is seen as an adjunctive therapy; rather, 
from the majority of presentations, one 
gets the feeling that certain nutrients play 
a role in one therapy but not in others— 
the. volume is very disjointed and does not 
flow smoothly. . ■ _ 

The chapter on cancer and nutritional 
status, for instance, lists the majority of 
nutrients necessary to man and relates 
each to various studies on cancer. It is 
disappointing that little is said about the 
assessment of nutritional status and the 
clinical nutrition care of cancer patients. 
The assessment of nutritional status is 
covered very lightly (e.g. Kopple, in his 
chapter on renal disease, calls it "the 
wasting syndrome”). The chapter on 
obesity seems current and fairly well 
■ written, as does the chapter by Kopple, 
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but the chapter on liver failure is inade¬ 
quate, The categories chosen also do not 
seem to flow smoothly, going from blood 
diseases to neurological to bone to organ 
failure—which doesn’t include renal 
failure, but separates it out at the end. 
Why not discuss ethanol with liver dis¬ 
ease? 

Very little attention is given to current 
approaches to nutritional support—i.e. 
parenteral and enteral nutrition, includ¬ 
ing formulas, TI, and diets. 

The book and each of the chapters 
should have included a more detailed in¬ 
troduction and summary to tie things to¬ 
gether. It reads like an encyclopedia! In 
general, this is not what one would con¬ 
sider a strong clinical nutrition manual. 
Much of the information presented is also 
available in other texts. Each of the 
chapters does provide a number of refer¬ 
ences that are beneficial for further 
subject review. The book is limited in 
scope and, in the real world of applied 
clinical nutrition, does not provide much 
in terms of practical techniques.— George 
L. Blackburn, Surgery, Harvard Uni¬ 
versity School of Medicine, and New 
England Deaconess Hospital, Boston 


Aging, Isolation and Resocialization. 

Ruth Bennett, ed, 213 pp, Van Nos¬ 
trand Reinhold, 1980. $14.95, 

The major topic of this volume is iso¬ 
lation—how to conceptualize and mea¬ 
sure it, its relationship to adjustment 
during later life, and the methods that 
have been demonstrated to reduce sig¬ 
nificantly its negative impact upon the 
quality of life of older persons, The book 
summarizes more than 20 years of re¬ 
search conducted by a multidisciplinary 
team of investigators at Columbia Uni¬ 
versity and provides an integrated and 
useful description of those research ef¬ 
forts. It includes something for almost 
everyone with an interest in later life, in 
that it devotes appropriate attention to. 
both methodological and conceptual 
issues, details the implications of the re¬ 
search findings for service planning and 
delivery, and replicates the findings across 
both institutional and community-based 
samples. Given the increasing interest of 
gerontologists in issues of social support, 
the appearance of this volume is espe¬ 
cially timely,— Unda K, George, Center 
for the Study of Aging and Human De¬ 
velopment, Duke University Medical 
Center 


Man and Biologically Active Sub¬ 
stances: The Effect of Drugs, Diet and 
Pollution on Health. I, I. Brekhman. 
Trans. J, H. Appleby. 89 pp. Pergamon 
Press, 1980. $15.75 cloth, $5.95 paper. 

This book is a translation from the 
Russian that may be of interest to those 
concerned with the Western philosophy 


of medicine, even if not in keeping with it. 
The thesis is put forth that the key to 
medical practice should be found in the 
theoretical science of pharmacosanation, 
a relatively abstract concept based on the 
study of the major pharmacologically ac¬ 
tive substances in the body (primarily 
derived from food and medicines). Pro¬ 
vocative on one hand, the volume falls 
short of careful documentation on the 
other.— K. C. Hayes, Nutrition, School of 
Public Health, Harvard University 


Advances in Cancer Research, Vol. 31. 

George Klein and Sidney Weinhouse, 

eds. 329 pp, Academic Press, 1980. 

$35. 

This book consists of five chapters re¬ 
lating to the problem of cancer, and con¬ 
tinues this important series in the field. 
Two chapters discuss cellular cytotoxicity, 
one the role of the major histocompati¬ 
bility gene complex in cytotoxic T-cell 
responses and the other genetic control of 
natural cytotoxicity. Wellings treats the 
development of human breast cancer with 
a series of light microscopic sections. The 
chapter by Farber and Cameron deals 
with the sequential analysis of cancer 
development in a more general sense, with 
particular reference to Foulds’s “staging 
concept.” There is emphasis on interme¬ 
diate states such as papillomas, hyper¬ 
plastic nodules, and other precancerous 
lesions. The first chapter deals with the 
epidemiology of leukemia, which remains 
a puzzle, despite much data and many 
studies on the problem. The leukemo- 
genic potential of cancer chemothera¬ 
peutic agents is presented as a serious and 
increasing problem.— Harris Busch, 
Pharmacology, Baylor University College 
of Medicine, Houston 


Neural Control of Circulation. Maysie 
J. Hughes and Charles D. Barnes, eds. 
Research Topics in Physiology, 2.175 
pp. Academic Press, 1980. $24. 

This book is devoted to an analysis of 
the central nervous system’s regulation of 
the circulation. Special attention is given 
to cerebral, cerebellar,' brain stem, and 
bulbospinal mechanisms of cardiovascu¬ 
lar control. In addition, separate chapters 
focus on possible mechanisms of neuro- 
' genic hypertension and the neural control 
of the circulation during hypoxia. Each 
topic is introduced with a historical review 
of the subject matter, followed by a dis¬ 
cussion of the present state of knowledge 
in the area, a presentation of the author’s 
research activities in the field, and pro¬ 
jected directions of future investigation. 
The book is concise and well written and 
helps to clarify the complex interactions 
of the central nervous system’s influences 
on the circulatory system. It is designed 


specifically for investigators involved in 
the neurogenic regulation of the circula¬ 
tion and will be of less interest to students 

and practicing physicians_Peter A, Kot, 

Physiology and Biophysics, Georgetown 
University School of Medicine 


Biomedical Research Applications of 
Scanning Electron Microscopy, Vol. 
2. Gisele M. Hodges and Richard C. 
Hallowes, eds. 316 pp. Academic Press 
1980. $75. 

The second volume of this series covers 
applications of scanning electron mi¬ 
croscopy in chapters devoted to cells and 
tissues in culture, the integumentary 
system, the mammary gland and human 
breast, the endocrine system, and the 
white cell system. Each of these topics is 
well illustrated with many unusual mi¬ 
crographs, published here for the first 
time. While each chapter discusses ma¬ 
terials and methods for its subject, the 
level of coverage is uneven. By far the 
most extensive and useful description of 
current methods is given in the section on 
cells and tissues in culture, which alone is 
worth the price of the book. The volume 
should be very useful for anyone presently 
using SEM and especially for anyone in¬ 
terested in learning about potential ap¬ 
plications of the technique,—Aden W. 
Clark, Anatomy, University of Wisconsin 
School of Medicine 


The Ovary: A Correlation of Structure 
and Function im Mammals. Hannah 
Peters and Kenneth P. McNatty. 175 
pp. University of California Press, 1980. 
132.50. 

All too often physiology texts are writ¬ 
ten as either compendiums of current and 
ongoing research or as fundamental 
dogma based upon classical data. This 
text represents a fine blend of historical 
observation and contemporary theory. 
The authors have more than adequately 
met their purpose of providing basic in¬ 
formation and presenting current con¬ 
cepts on the development and function of 
the ovary. 

The book chronologically follows the 
ovary from its embryonic beginnings 
through puberty, adulthood, and finally 
menopause. Each chapter correlates his¬ 
tological and gross anatomical changes 
with endocrine events. These correlations 
are well documented with numerous mi¬ 
crographs, graphs, tables, and diagrams. 
The text is written as a general treatise on 
the mammalian ovary; however, the ma¬ 
jority of the references are comprised of 
human and nonhuman primate studies, 
with some rodent and domestic animal 
references. 

This textbook would serve well as a 
reference for reproductive physiologists 
and clinicians. The extensive 31-page 
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bibliography contains many timely 
entries and is an excellent starting point 
for the novice graduate student in repro¬ 
ductive biology.— Michael W. Vernon, 
Wisconsin Regional Primate Research 
Center, Endocrinology-Reproductive 
Physiology Program, University of Wis¬ 
consin 


Atlas of Topographical and Applied 
Human Anatomy, rev. ed. Eduard 
Pernkopf. Helmut Ferner, ed, Trans. 
Harry Monsen. Vol. T. Head and Neck. 
308 pp. Vol. 2: Thorax, Abdomen, and 
Extremities. 418 pp. Urban and 
Schwarzenberg, 1980. $98 each. 

Successful anatomical Illustrations at¬ 
tained new excellence with the develop¬ 
ment of fine color printing, a fact dem¬ 
onstrated by earlier editions of Pernkopf s 
Topographic Anatomy. The latest revi¬ 
sion is strengthened with additional ra- 
: diograms and colored plates. Captions 
have been improved. The nomenclature 
is, as far as possible, that of the official 
Nomina Anatomica. Each volume has Its 
own index, and a third volume containing 
a comprehensive index is shortly, we are 
told, to be printed. Format, paper, and 
binding are worthy of these fine books 
and, understandably, contribute to their 
considerable cost. 

But it is to the brilliant, glowing plates 
that one’s attention constantly returns. 
Born of painstaking hours of collaboration 
between anatomists and artists, the re¬ 
sults are both realistic and beautiful. 
Basically, the colors are the delicate 
shades seen in the unembalmed cadaver, 
For clearer differentiation, certain 
structures are portrayed in strongly con¬ 
trasting but harmonious colors: nerves are 
yellow, arteries are crimson, veins are 
azure, and so on. The third dimension is 
indicated without excessive shading, 
Complex areas are made clear with the aid 
of special dissections. Even the murky 
chasm of the infratemporal fossa (Vol. 1, 
p. 155), terror of the first-year medical 
student, is illuminated. This atlas is 
probably unsurpassed in its field.— 
Thomas R. Forbes, History of Medicine, 
Yale University School of Medicine 


Hormonal Control of Lactation. A. T. 

Cowie, Isabel A. Forsyth, I, C. Hart, 
Monographs on Endocrinology, 15.275 
pp. Springer-Verlag, 1980. $52. 

This latest monograph from a distin¬ 
guished laboratory provides an authori¬ 
tative, up-to-date, readable, and well- 
balanced survey of the field. Emphasis is 
placed on quantitative and comparative 
aspects. The treatment of endocrine 
mechanisms in mammary growth, milk 
biosynthesis, galactopoiesis, and milk 
ejection is comprehensive, and the book 
includes valuable chapters on assay 
methods and hormone binding in cells. 


The monograph is attractively pro¬ 
duced and illustrated. It should be in the 
possession of all lactational endocrinolo¬ 
gists.— Barry Cross, Institute of Animal 
Physiology, Babraham, Cambridge, UK 


Low Temperature Preservation in 
Medicine and Biology. M. J. Ash- 
wood-Smith and J. Farrant, eds, 323 
pp, University Park Press, 1980. 
$39.50. 

The discussions in this book are com¬ 
petent, based on well-chosen references. 
The chapters—describing the use of 
freezing techniques in biology, industry, 
and medicine—are clearly written. The 
book is not a technical manual, but rather 
a source of general information,—C, 
Robert Valeri, Naval Blood Research 
Laboratory, Boston University Medical 
Center 


Computer Techniques in Radiation 
Transport and Dosimetry. Walter R. 
Nelson and Theodore M. Jenkins, eds. 
Ettore Majorana International Science 
Series, Physical Sciences, 3. 521 pp. 
Plenum, 1980. $55. 

These lecture notes were prepared by 
the staff of the 1978 course of the Inter¬ 
national School of Radiation Damage and 
Protection, The school was convened to 
inform users of the popular “Monte 
Carlo” radiation (mostly high energy) 
transport codes about the physical as¬ 
sumptions supporting the various calcu- 
lational procedures, the strengths, weak¬ 
nesses, capabilities, and limitations of the 
various programs, as well as presenting an 
adequate number of comparisons between 
calculations and measurements. Prior 
acquaintance with the subject matter, and 
with advanced physics and programming, 
is assumed. The presentations are ori¬ 
ented to meet the needs of hardware and 
shielding designers. Thus, not only algo¬ 
rithms but also methods to measure par¬ 
ticle/photon fluxes are discussed, 

The book is divided into subjects: low 
energy neutrons and gammas, electro¬ 
magnetic cascades, hadronic cascades, 
and spectrum unfolding techniques. An 
introduction, invited papers, a summary, 
and a good subject index are included. 
Since the bulk of the relevant work is in 
unpublished reports, a very important 
feature is that most chapters give ade¬ 
quate references to the literature. 

Most of these computer programs 
originated about a decade and a half ago 
with the need to predict radiation safety 
shielding at the;newer and larger particle 
accelerators. In time, they have evolved 
and become useful in such diverse fields 
as prediction of efficiency of particle de¬ 
tectors, response of superconducting 
magnet coils to particle beam losses, de¬ 
sign of experiments, calculation of soil 
radioactivation and radionuclide leaching 


in the vicinity of accelerator beam losses, 
and medical dosimetry. 

The book fulfills a long-existing need. 
Indeed, it belongs in the library of anyone 
concerned with high energy radiation 
transport problems.— Miguel Aw- 
schalom, Neutron Therapy, Fermi Na¬ 
tional Accelerator Laboratory, Batavia, 
IL 


Lymphokine Reports, Vol. 1. Edgar 
Pick, ed. 259 pp. Academic Press, 1980, 
$28.50. 

Interaction and communication be¬ 
tween various cell types is a prerequisite 
of complex, multicellular organisms, 
Lymphocytes have long been known to 
play an important role in this phenome¬ 
non through the production of antibodies. 
The specific interaction of antibody with 
foreign antigen triggers a series of events 
leading to the recruitment of other cell 
types to eliminate the foreign material, 
However, lymphocytes also influence di¬ 
verse cells by a variety of other soluble 
factors, the lymphokines. This volume is 
intended to be the first of a series on these 
nonantibody lymphocyte products. 

The diversity of these factors is re¬ 
flected in the wide variety of topics se¬ 
lected for discussion; T-cell suppressor 
factors; leukocyte-migration inhibitory 
factor; the interferons; the factor med¬ 
iating interrelationships between lym¬ 
phocytes and eosinophils; tuftsin; mono¬ 
cyte-tissue factors that activate, blood 
coagulation; a factor increasing vascular 
permeability, active on the kidney glom¬ 
eruli; and a factor promoting cell adhe¬ 
sion, fibrinonectin. 

Each report, by an active investigator 
in the area, summarizes the isolation and 
purification of the lymphokine, the phys¬ 
iological events required for production 
or release of the factor, and the biochem¬ 
ical basis of action on other cells. The re¬ 
ports are supplemented with helpful fig¬ 
ures and diagrams and the volume con¬ 
tains a useful index. 

This volume will be of particular in¬ 
terest to immunologists, pathologists, and 
pharmacologists but will intrigue any 
scientist interested, in the interrelation¬ 
ships between mammalian cells.— D. C, 
Bauer, Microbiology and Immunology, 
Indiana University School of Medicine 


Biofeedback: Clinical Applications in 
Behavioral Medicine. David S. Olton 
and Aaron R, Noonberg, 437 pp, Pren¬ 
tice-Hall, 1980. $21. 

Most people agree that many physio¬ 
logical processes—both normal and 
pathological—can be conditioned, Once 
conditioned, can the new-found level be 
maintained for a clinically important 
length of time? Early research was unable 
(unwilling?) to answer this question. The 
main part of this book discusses clinically 
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relevant biofeedback and has tables 
summarizing studies on diseases treated 
in this manner, Although the text indi¬ 
cates that the tabular material underes¬ 
timates the frequency of evaluation some 
time after stopping biofeedback, I was 
interested in gauging the frequency and 
time interval of such evaluations as pre¬ 
sented in the tables. 

Measurement of therapeutic effect at 
some time period after cessation of bio¬ 
feedback (with follow-up period for 
studies in parentheses) occurred in: 8 
studies of 18 presented for tension head¬ 
ache (1-7 months), 0 of 16 for migraine, 0 
of 5 for Raynaud’s disease, 0 of 9 for 
asthma, 4 of 16 for seizure disorders (1-3 
months), 4 (3 case studies) for muscle 
difficulties (the study-follow-up of 1 
month), 2 (both case studies) of 7 for 
gastrointestinal disorders, and 9 of 20 for 
cardiovascular disorders, mainly hyper¬ 
tension (3-12 months), Thus, even though 
these are underestimates, one tends to 
conclude that further work is needed be¬ 
fore biofeedback becomes a routine part 
of clinical treatment. Perhaps the “how 
to” sections for the practitioner are pre¬ 
mature, I would applaud further re¬ 
search, 

For future clinical feedback summaries 
(or a later edition of this book), I would 


textbook of anatomy. A critical review 
would require an examination of the ta¬ 
bles of contents of Volumes 2 and 3, or at 


jectives of the editors through division 
and arrangement of the content and the 
lengths of the chapters devoted to various 
subjects, 

This book is a collection of essays, some 
very good (outstanding is the encyclo¬ 
pedic, 284-page chapter, “Functional 
Morphology of Human Arteries during 
Fetal and Postnatal Development,” by 
Meyer, Walsh, and Lind), that has no 
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The volume was printed by the increas¬ 
ingly popular typewriter photo-offset 
process, and there are many typographic 
errors— John C. Rose, Physiology and 
Biophysics, Georgetown University 

Essential Malariology. Leonard Jan 
Bruce-Chwatt. 354 pp. London: Wil¬ 
liam Heinemann, 1980. £12,95, 
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tical inferences, This edition presents only 
averages in all cases. In many studies, re¬ 
porting of significance of differences or 
lack thereof would be very useful. 

Implications for needed research can be 
drawn from the tabular material if the 
reader is interested in doing this. When 
added to further research, the summa¬ 
rized experiments may provide the basis 
for a handbook that stands on a firm 
foundation and is clinically useful as 
well—Darnel S.P. Schubert, Psychiatry, 
Case Western Reserve University School 
of Medicine 

Structure and Function of the Circu¬ 
lation, Vol. 1. Colin J. Schwartz, 
Nicholas T. Werthessen, Stewart Wolf, 
eds. 819 pp. Plenum, 1980. $75. 

This is the first of a projected three- 
volume international muitiauthored se¬ 
ries which will cover "a broad spectrum 


malaria parasite by Laveran in November 
1880, there has been a succession of 
landmark discoveries of strains, vectors, 
disease transmission cycles, new drugs, 
and new insecticides, as well as massive 
control programs, the collapse of eradi¬ 
cation hopes, and most recently the cul¬ 
tivation of the malaria parasite in vitro 
and renewed efforts to devise a malaria 
vaccine, At the close of the first century, 
we see malaria still firmly entrenched in 
many countries and affecting hundreds of 
millions of people. 

The author has written a series of 
chapters which cover the subject very ef¬ 
fectively. The chapter on the parasites 
and the cycles of each, including human 
and animal malarias, is excellently done. 
The chapters on clinical course, patholo¬ 
gy, and immunology are up to date and 
touch on the new areas of parasite culti¬ 
vation and vaccine production, with their 
formidable practical problems, There is 
an excellent section on the etiology, epi¬ 
demiology, diagnosis, and management of 
blackwater fever. 


a vas¬ 

cular anatomy to the basic ultrastructure 
a ”d cellular biology of the components of 

the circulation, ” In addition, there will be 

historical chapters, one of which appears 
m the first volume, The emphasis in this 
volume: is embryology and anatomy of 
arteries. Cellular biology is not repre¬ 
sented. The physiology chapters include 


and staining of thick and, thin blood 
•smears. New serological tests, including 


-.v tmmunosornent assay, 

receive critical discussion and evaluation! 
The anopheline vectors are handled in a 


will hnd too long and the specialist too 
short, but a respectable balance is struck. 
Ihe chapter on epidemiology builds on 


ui me rer 

by Solez and Heptinstall. 

It is difficult to determine what need 
the edrtors of this book are attempting to 
WI (they are not represented among the 
authors). Several of the chapters would be 
excellent contributions to a ' 
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... vGumumueus 
of workers over many years, and includes 
condensed discussions for each of the 


chemotherapy present up-to-date ac¬ 
counts of the various regimes employed, 
including those recommended for man¬ 
agement of the drug-tolerant P. falci¬ 


parum strains of Southeast Asia. .Sixty 
pages are directed to the rationale and 
techniques of malaria control—to .selec¬ 
tion of appropriate methods, with strat¬ 
egies aimed at the vectors and at the 
control of disease in the individual and in 
the community. In the discussion of costs, 
the figures given as of a couple of years 
ago should at this moment he multiplied 
by a factor of at least two, A1 Inal chapter 
on eradication- aa contrasted to con¬ 
trol—tells the story of the initial miccm-s 
of eradication campaigns and the eventual 
reversals that troubled the worldwide 
program, ending with a plea for "buck to 
basics.” In the author’s final words, "The 
old generation of‘blood, mud and sweat’ 
malarioiogists has nearly disappeared and 
much of their experience has been largely 
forgotten. The author.. . hopes that he 
has contributed a link between the not m 
distant past and the new generation of 
specialists in tropical community 
health.” 

Bruce-Chwatt is a malariologist. of wide 
experience, from the early days of pro- 
DDT residual spraying, through the 
DDT-twenty-years - in-the - wilderness 
annealing post-DDT. His hook is porta- 
ble, condensed, factual, practical. It is the 
same size as, and an admirable successor 
to, Mark F. Boyd’s Introduction to Mu- 
lariology (1930), It will still be useful in 
2030, unless Aldous Huxley's prediction 
(in Brave New World) of a disease-free 
world has by then been realized.- - Wilhur 
G ; Downs, Epidemiology, Yale Unm r- 
sity School of Medicine 

Aromatic Amino Acid Hydroxylases 
and Mental Disease. M. B, H. Youd- 
im, ed. 390 pp. Wiley-Intersciem e, 
1980. $63.25. 

There has long been interest in the 
complex relationship between brain 
chemistry and behavior (both normal and 
abnormal). The activities of certain hire 
genic amines in the brain, such as the 
catecholamines and serotonin, have been 
correlated with numerous physiologic and 
mental processes. This book is a review of 
present knowledge of the hydroxylase e»i- 
zymes that act upon phenylalanine, ty¬ 
rosine, and tryptophan and regulate the 
activities of these three monoamines. 

The chapters are generally paired a 
chapter dealing with the characteristic, 
ot the hydroxylase enzyme in question 
followed by one on the psyehopatho- 
phyaiology associated with malfunction 
of that enzyme system. Discussed in great 
detail are phenylalanine hydroxylase, 
disorders caused by phenylalanine hy- 
droxylase deficiency, tyrosine hydroxyl- 
ase, catecholamines and affective illness 
tryptophan hydroxylase, and aerotoniri 


r ; eminent scientists, 

and each of these topics is generally well 
researched and well presented. Because 
advances in this field occur at an ex- 


tremely rapid rate, the book does suffer prevention of accidents in the work place 
from the time lag in publication. Several that might lead to acute injury or death, 
chapters are noticeably deficient in re- This hook is an introduction to the ratio- 
porting research findings of the past two nale, methodology, and management of 
to three years. Still, this is a useful com- such safety-oriented programs by one of 
pilation of findings related to aromatic the leaders in the field of occupational 
amino acid hydroxylase enzymes and safety. It contains a comprehensive de 
psychiatric illness .—Raymond M, Quock 
Pharmacology, Marquette University 


Drug Level Monitoring: Analytical 
Techniques, Metabolism, and Phar- 
macroldnetics. Wolfgang Sadee and 
(icertruida C. M. Beelen. 495 pp. 
Wiley-Interscience, 1980. $35. 
Approximately one-fourth of this book 
is devoted to an overview of drug moni¬ 
toring, including pharmacokinetics and 
analytical methodology. The remaining, 
larger portion, which is organized like an 
encyclopedia, offers short monographs on 
most drugs of'toxicological or clinical in¬ 
terest. While the brevity of the first sec¬ 
tion makes it too superficial to be of great 
value to either the novice or experienced 
analyst, the second section is excellent. 
The monographs are remarkably detailed 
and comprehensive for their size. The 
critical comments at the end of each 
monograph are particularly helpful and 
reflect the authors’ expertise. Conse- 
! qmmtly, this book would be more suitable 
as a reference than as a teaching text or 
introduction to the field .—Peter Jatlow, 
Laboratory Medicine, Yale University 


scription of the design and management 
of systems that are being used to increase 
the level of protection against accidents 
in the industrial environment, and it is 
laced with specific examples and illus¬ 
trations from the rich experience of the 
author. 

The parts of the text devoted'to in¬ 
dustrial hygiene, toxic hazards, and 
product safety are lacking in depth when 
compared to the detailed treatment of 


on these areas in current regulations, the 
reader of this book will need to consult the 
sources quoted on these topics for a cur¬ 
rent perspective on health technology.— 
Jan A. J , Stolwijk, Epidemiology and 
Public Health, Yale University 


Practical Applications of Prosta¬ 
glandins and their Synthesis Inhib¬ 
itors. S, M. M, Karim, ed. Advances in 
Prostaglandin Research, 458 pp. Uni¬ 
versity Park Press, 1979, $29.50. 

This volume, like its three predecessors 
in the series, covers 


search. It contains 19 chapters by distin¬ 
guished authors, each of whom provides 
a comprehensive review of laboratory and 
animal studies supporting practical ap¬ 
plications of prostaglandins. The papers 
concern the use of prostaglandins and 
their synthesis inhibitors as diagnostic 
tools and therapeutic agents in clinical 
situations including angiography, gas¬ 
trointestinal disease, renal disorder, and 


volume is a very attractive addition to 
Viking literature. It, is exceptionally well 
illustrated with spectacular photographs 
of the places the Vikings lived in or visit¬ 
ed: freezing Greenland, cloud-covered 
Hebrides, fertile Denmark, urban En¬ 
gland, Kiev on the Dnieper, Hugia Sophia 
in Istanbul. The illustrations of finds, 
whether simple domestic wooden bowls or 
elaborate goldwork, are beautiful and 
sometimes amusing, as in the case of the 
“gripping-beast,” which is seen “cheer¬ 
fully throttling himself.” 

The book gives a good impression of the 
diversity of the Viking period and the 
Viking world, covering aspects from raids 
and weapons to paganism and Chris¬ 
tianity (“From Odin to Christ," by 
Christine Fell), taking the reader through 
the ninth, tenth, and eleventh centuries, 
and showing the Vikings from America to 
Russia and from North Cape to the 
Mediterranean, Maps in dramatic colors 
help the reader to follow the Viking both 
as merchant and, more frequently, as 
raider. The chapter on ships by Sean 
McGrail is exceptionally useful and in¬ 
teresting, giving a real understanding of 
the variety of ships and of their con¬ 
struction and performance, with excellent 
diagrams to support the text. 

Perhaps the most fascinating part of 
the book is R. I. Page’s “Rune-masters 
and Skalds.” Here the Viking really comes 
to life in all his diversity, and although 
Page ends his chapter with a blood¬ 
curdling poem, he gives us an impression 
of the values of Viking society-honor, 
valor, and family obligations. Some of the 
verse, laboriously carved at great length 
on stone, demonstrates that “the Vikings 
were not just a crowd of axe-happy hool¬ 
igans.” The Viking World is good 
value .—Birthe Kjijlbye-Biddle , Anthro¬ 
pology, University of Pennsylvania 


Heavy Particle Radiotherapy. M. R. 

Kaju. 500 pp. Academic Press, 1980. 

$0(5,50. 

As .stated in the Foreword by an eminent 
English cancer biologist, this book 
"should become a standard text for heavy 
particle treatment of cancer for many pre gnancy termination, 
years.” It is indeed a comprehensive re- The contributions have been carefully 
view of the subject and is written with wr jtten and the volume well edited to 
particular clarity. It stands alone as a provide a very readable text. In the fast- 
[p.failed text on this subject and should be pace d area of prostaglandin research, this 

of considerable value to physicians, vo i ume bridges the gap between labora- iub . . 

physicists. and biologists in heavy particle tory investigation and practical apphea- thropo i 0 gi ca i knowledge of Spanish so- 

radiotherapy related fields. A minor tion an d will be of considerableinterest to d , analyzing an Andalusian agro- 
criticism is that the typeface is somewhat clinician s as well as to medical scientists ^ eight thousand, a community 
read.— R. 1. Goodman, Ra- in aca demic institutions.—P/u/ip J. Ha- , h previous i y studied. The 
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The People of the Plain: Class and 
Community in Lower Andalusia. David 
D. Gilmore. 247 pp. Columbia Univer¬ 
sity Press, 1980. $20. 

This clearly written book extends an- 


Matiun Wimpy, University of Penn- dowitz, Pharmacology, Tulane Univer- 
svlvania School of Medicine sity School of Medicine 
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Interscience, 1980 . $ 32 . 50 . 


Behavioral Sciences 

The Viking World. James Graham- 
Campbell. 219 pp. Ticknor & Fields, 
1980. $25. 


information will be useful to students of 
Andalusian society, though readers de¬ 
pending entirely on the data presented 

should know that some renders of 
Spanish terms are questionable and the 
kind of official statistics used without 
discussion are widely regarded as mac- 

^Afscientific analysis the book blessj 
valuable. Gilmore finds that classdd en- 

encesand hostilities are so strongly 




JJfeand healthy work environment have 
j pnmiderablv. The focus has 

issii 

tional safety and health dealt w,tn ^ loj 



communities. Unfortunately, Gilmore 
fails to describe how the society actually 
does work, The account of class is unbal¬ 
anced—Gilmore clearly disapproved of 
both the power structure and the power 
holders and presents more information 
about agricultural wage laborers than 
about wealthy landowners. The argument 
about the divisiveness of class is some¬ 
times forced; for example, his own ex¬ 
tended discussion of the social distance 
that commonly develops between adult 
married kinsmen whatever the economic 
circumstances vitiates his insistence that 
class separates brothers or cousins when 
one is more successful economically than 
another. 

Many tantalizing incongruities in the 
material are ignored. Thus the account of 
class hostilities gives more weight to the 
moral outrage engendered in workers by 
the landowners’ refusal to mix socially 
with them in public than to conflict about 
employment, wealth, or property. Gilmore 
does not pursue the implication that 
workers think class differences do not 
justify social separation and that public 
sociability is therefore a social principle 
independent of class, A more complete 
picture of this society as an operating 
system is required before the role of class 
in it can be properly evaluated.—John 
Corbin, Sociology, School of Economic 
and Social Studies, Unioersity of East 
, Anglia, Norwich, UK 

Thermoluminescence Techniques in 

Archaeology. Stuart Fleming. 233 pp. 

Oxford University Press, 1979, 

$39.50. 

The author has been associated with 
| the development of the thermolumines- 
I cence (TL) technique in archaeology al¬ 
ii most from the beginning, He states his 
aim in the Preface: to reassure “the ar¬ 
chaeological community [which] has be¬ 
come disillusioned in its practical progress 
... [and to] recapture their interest” by 
reporting the successful application of TL 
to archaeological problems. 

U": About 40% of the book deals with spe¬ 
cific examples, the majori ty of which are 
from Fleming’s own work or from the 
Oxford laboratory with which he was 
formerly associated. Some of the other 
laboratories whose work has been passed 
over might be disposed to demur at 
Fleming’s proposition that “none of these 
laboratories have [sic] yet reported a so¬ 
lution to an archaeological problem.” The 
examples range from the dating of a 
30,800 B.c. settlement at Dolni Vestonice 
to the detection of recent forgeries and 
give a good idea of the range of problems 
that TL can now tackle and solve. To this 
extent, the aim of the book could be 
judged to have been successfully 
achieved. 

The other half of the book deals with 
the TL technique itself. The principal 
methods and their variants are discussed 



in detail, with few significant omissions, liability of his facts. Perhaps one criticism 
Not all the material will be fully under- of his treatment is justified. Throughout 
stood by an archaeologist unversed in most of the first half of the book the his* 
physical science. There is much useful tory is organized on the basis of the men 
“recipe book” information that even ex- rather than the subjects. Cajori’s organi* 
perienced practitioners will appreciate, zation has its merits, but those who wish 
Bearing in mind that almost all the actual to follow the development of a subject 
TL laboratories are run by physicists, it must look into several chapters. In the 2(K) 
must be regretfully recorded that the or so pages on the 19th- and 20th-century 
physics is often superficial to the point of history there is a breakdown by subject, 
hand-waving. The discussion of errors is but even there each of these is trea ted bv 
confusing and will be unhelpful to the discussing the work of the men in- 
nonexpert. volved. 

The book gives the impression of hav- More has been learned since 1919 about 
ing been hurriedly written and poorly the early periods of mathematical history, 
edited; the logic of presentation leaves notably the Egyptian and Babylonian, but 
something to be desired, and it is sur- Cajori’s account of these periods, though 
prising to find an Oxford University Press brief, and his accounts of the works of the 
book with at least a score of miscellaneous Hindus, Arabs, Chinese, and Japanese, 
errors, some nontrivial .—John R. Pres- though also brief compared to what ha* 
cott, Physics, University of Adelaide, subsequently been written, are evidence 
Australia of his concern to make the history com¬ 

prehensive. The book is remarkable fur 
other reasons. The history of mathemat¬ 
ics, although it has much to teach us about 
Mathematics and bow mathematics develops and about 

pedagogical practices, was neglected in 
the United States until very recent lime-. 

A History of Mathematics, 3rd ed. Flo- knowled e® of mutbemafc 

524 pp. Chelsea, ,80. ^£35^1^ 

tury were hardly adequate. That Cajon 
A reprint of the second (1919) edition should have been able to acquire his 
is most welcome. Obviously in 1919 Cajori comprehensive knowledge of mathomal- 
could not have done full justice to devel- ics and to locate reliable sources is a feat 
opments of the 20th century, but what is of scholarship. That Cajori was invited to 
remarkable is that he devotes about 200 and did contribute to Moritz Cantor's 
pages to the 19th and early 20th centuries, fourth volume (1908) of his Oesehuhte 
This is the first history, to my knowledge, der Mathematik is evidence of Cajori s : 
that covers the vast expanse of the preeminence in the field of history. The 
19th-century advances. Even applied modern historian can still profit from 
mathematics gets considerable attention Cajori’s book, and this reprint adds to its 
in about 50 of the 200 pages. value.-Moms Kline, Courant Institute 

Throughout the book, Cajori offers a of Mathematical Sciences, Nm York 
detailed and accurate account of the University 
major contributions. Many of these de¬ 
tails and citations from original works 

cannot be found in current histories, even Multimcnsional Diffusion Processes, 
though some histories cover 20th-century Daniel W. Stroock and S. R, Srinivasa 
developments more extensively and oth- Varadhan. Grundlehren der mnthem- 
ers specialize in an area such as the theo- atischen Wissenschaften, 123 A, A He- 

ries of the integral or probability. Of r * es Comprehensive Studies in 

course, a volume limited to 524 pages re- Mathematics. 338 pp. Springer-' Wring, 
quires that the author exercise discretion 1979, $34,80. 


Computer Science 


nJTS nf tv tv A JV U LetL be a secon< d-order elliptic opera- 
mill f th thir , d edltlon have tor - Does there exist a continuous Markov 
made several improvements, Mmor errors Process having L as infinitesimal goner- 
have been corrected, and seven pages of ator? This is what the book is about in a 
notes, updating information in the second more general setting, as the authors allow 
edition,, help to give the reader either L to depend on the time, 
specific information or references to more The authors give three different at, 
recent works. The Index also stars the proaches to the problem, First one m 
references to hose mathematicians of the look for the transition probability of the 
past whose collected works have appeared Markov Process as a solution uf Ihe 
SnH th 9 ’v U f I" repnnt cannot backward ec * uation > but there is very little 

S^£ nthetextproperbe - pr “ “r 

y n • ., l , ate ‘ method. One can follow Ito’s wav nnrl fiwl 

Cajon s book is invaluable as a aource lie Markov Process as solution 
of materia one could not readily have chastic differential equation Ton * 
access to. And his footnotes and refer- read Stroock and VaradwJi aco” 6 

10 the f7 | he r U,as ' ,f there exto such a Markov PreSuM 
semble the major material and to the re- then for each sufficiently smooth fin 
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/, the process X t {t) ~ f[x(t)] - Jo' 
£,/[*(«)] ds is a martingale. 

Does the property that X/ is a martin¬ 
gale for all test functions f characterize 
uniquely the process x, apart from speci¬ 
fying x (o)? This is the martingale problem 
for L This question is not unreasonable, 
as the answer is affirmative if L is the in¬ 
finitesimal generator of the Brownian 
motion. 

It is better to look at such a problem on 
the canonical space of all continuous 
functions with values in R d with the 
coordinate process as x(t). The martin¬ 
gale problem then becomes: Does there 
exist a probability measure on the ca¬ 
nonical space such that the Xj is a mar¬ 
tingale, is it unique, and if so what con¬ 
clusions can be drawn? 

The book is self-contained and can be 
read by anybody with a general knowl¬ 
edge of probability theory. The authors 
devote the Final part to the relation be¬ 
tween the martingale problem and Ito’s 
approach, stability results, and explo¬ 
sions. As the only book on the martingale 
problem, this is a nice exposition of this 
successful new approach .—Catherine 
Dulmns-Dade, Mathematics, University 
a f Illinois 


Hilbert’s Fourth Problem. Aleksei 
Vasil’evich Pogorelov. Trans. Richard 
A. Silverman. Scripta Series in Math¬ 
ematics. 197 pp. Halsted Press, 1979. 

m. 

The author gives an elegant and self- 
contained solution to Hilbert’s fourth 
problem. Briefly, this problem asks for the 
construction of all metrics on projective 
space or a domain of this space such that 
the geodesics are projective lines or por¬ 
tions thereof. The solution is based on an 
idea of Busemann’s and involves the use 
( ,f a completely additive set function de¬ 
fined on sets of planes, A striking feature 
of the construction is the necessary ad¬ 
mission of negative values for the set 
function in spaces of dimension greater 
than two .-Clinton Petty, Mathematics, 
Unioersity of Missouri 


more pragmatic. For example, the con¬ 
cepts of accuracy, precision, and resolu¬ 
tion are not discussed in terms of their 
relationships to one another and of how 
these relationships may be assessed in 
realistic experiments. The three ingredi¬ 
ents necessary to specify a measured 
quantity (best estimate, tolerance, and 
confidence level) and their dependence on 
one another are not really examined. A 
discussion of when and why it is appro¬ 
priate for the experimenter to stop taking 
repeated measurements is also missing. 

These and other such applied topics 
have perhaps been purposely omitted by 
the author as inappropriate for a text on 
the theories of experimentation. Such 
topics, are, however, of considerable im¬ 
portance to the undergraduate student if 
he or she is to develop an intuitive un¬ 
derstanding of engineering experimen¬ 
tation, 

The use of actual experimental data 
gathered by the author’s students to il¬ 
lustrate various concepts throughout the 
text is commendable. The majority of 
these sample experiments, however, deal 
with static rather than transient mea- 
. surements and thus eliminate from the 
text a wide class of pertinent experimen¬ 
tal problems, The new chapter on in¬ 
strument loading and response, by Roger 
Hawks, does little to alleviate this short¬ 
coming. 

Perhaps these criticisms are un¬ 
founded—after all, the book purports to 
deal with the theories of experimentation 
rather than the practice of experimenta¬ 
tion. The reader should have a particular 
experiment in mind before going to this 
text, in which case the text will serve as a 
good reference on applicable theories. As 
a practical guide for carrying out experi¬ 
ments, it will not be of much use.-~G. 
Albert Russell, Mechanical Engineering, 
University of Massachusetts 


Laser Velocimetry and Particle Siz¬ 
ing. H. Doyle Thompson and Warren 
H. Stevenson, eds. Proc. Internat. 
Workshop, Purdue Univ,, 1978,566 pp. 
Hemisphere, 1979. 


reader cannot help but be impressed by 
the variety of difficult flow situations in 
which it is beginning to perform reliably; 
at the same time, the book also serves as 
a reminder of some of the difficulties as¬ 
sociated with the use of LDV today. 

The papers, which follow a brief his¬ 
torical survey of LDV, are organized into 
ten sections devoted to developments in 
instrumentation; data analysis (two sec¬ 
tions); combustion measurements; mea¬ 
surements in turbulent flows; measure¬ 
ments in internal combustion engines; 
general applications (two sections); and 
particle diagnostics (two sections). All the 
papers address themselves to specific 
topics at the forefront of research. Those 
oriented toward development and data 
analysis contain discussions of correlation 
processing, seeding, biasing, trackers, 
counters, etc., while the application-ori¬ 
ented papers cover a wide spectrum of 
flows, including natural convection, sep¬ 
aration, flames, MHD effects, and two- 
phase systems. The measurement of 
particle size distribution (for example, in 
two-phase flows, flames, etc.) forms the 
content of the last two sections. These 
sections are followed by a summary of the 
“wild card” session, in which some out¬ 
standing problems (such as multidi¬ 
mensional velocity measurement) are 
briefly discussed. 

The book can be recommended unres¬ 
ervedly to all users of LDV, who can here 
find access to a vast amount of useful and 
up-to-date information. A beginner will, 
however, find very little of use to him 
right away and should look elsewhere tor 
his “initiation.”—X. R. Sreenivasan, 
Engineering and Applied Science, Yale 
University 

Neutron Scattering. G. Kostorz, ed. 

Treatise on Materials Science and 

Technology, 15, 523 pp. Academic 

Press, 1979 $55 

For many of the past 25 years, neutron 
scattering has been the domain of physi¬ 
cists rather than materials scientists. 
With the establishment of national and 
international facilities accessible to the 
scientific community and the inevitable 


Engineering and Applied 
Sciences 

Theories of Engineering Experimen¬ 
tation, 3rd. ed. Hilbert Scbenck. 302 
pages. Hemisphere. 1979. $21. 

This revised edition, while addressed 
primarily to the undergraduate and 
masters level engineering student, con¬ 
tains a good deal of material of use to the 
practicing engineer as well. It is, m my 
opinion, a solid treatment of the subject 
matter and a worthwhile addition to the 

working engineer’s library. 

Although it does cover a wide range ot 
subject matter, the treatment could be 


The laser Doppler velocimeter (LDV) 
is a unique, nonintrusive flow-measuring 
device that Can be adapted to complex 
flow environments where other instru¬ 
ments such as hot wires cannot be used. 
LDV is thus gaining ground as a research 
tool in instances involving unsteady, 
separated, turbulent, combusting, and 
multiphase flows. In spite of the wide ac x 
ceptability that the instrument currently 
finds, a number of problems related to its 
development need to be resolved before 
LDV becomes a system for everyday use. 
This book, a collection of about 50 papers 
presented at the Third International 
Workshop on Laser Velocimetry held at 
Purdue University in July 1978, bears 
testimony to both aspects of LDV. The 


diffusion of knowledge concerning the 
versatility and power of neutron diffrac¬ 
tion, materials scientists have become 
increasingly interested in using it as a tool 
to study problems that often cannot be 
addressed by any other experimental 
technique. 

This volume serves as an excellent in¬ 
troduction to the ways in which neutron 
diffraction can be employed to obtain 
important information about materials. 

It will be particularly useful for students 

and scientists who may not be familiar 
with the general techniques or with the 
many different kinds of experiments that 
can be performed. 

The book begins with a survey of theory 
and experiment designed for nonspecial- 
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ists who would like rapid access to the 
general methods of neutron scattering 
without excessive detail, Later chapters 
cover many of the classical techniques of 
neutron diffraction like crystallography, 
as well as examples of how neutron dif¬ 
fraction can be used to study more spe¬ 
cialized problems, such as the interaction 
between phonons and defects and the 
behavior of hydrogen in metals, Special 
attention is given to the topics of small 
angle and diffuse scattering, which are of 
particular importance to materials sci¬ 
entists because of their uses in the study 
of defects and inhomogeneities and their 
relationship to material properties. 

The book provides an unusually well 
balanced introduction to the applications 
of neutron scattering to materials science 
problems, It should prove useful both to 
materials scientists and to physicists who 
are interested in the ever-expanding range 
of applications for which neutron scat¬ 
tering techniques are being used.— Nor¬ 
man C. Kaon, Materials Science and 
Technology, Naval Research Laboratory , 
Washington, DC 


Advances in Applied Mechanics, Vol, 
19. Chia-Shun Yih, ed, 324 pp, Aca¬ 
demic Press, 1979. 

The first of the four survey articles 
combined in this volume is the only one 
on a topic of solid mechanics. In the 
paper, Pipkin discusses stress analysis for 
fiber-reinforced materials, with the re¬ 
striction to inextensible fibers, mainly to 
incompressible materials, and to plane 
problems of statics. The topic is, in prin¬ 
ciple, an old one, because many natural 
materials, like wood, are fibrous. More 
recently the subject has gained special 
significance through the advent of high- 
strength composites like glass or graphite 
fibers bonded together by a resin, 

The main part of the book is devoted to 
fluid dynamical subjects. Meyer writes 
about the theory of water-wave refraction. 
Small local changes in the depth of the 
water, characterized by a small parame¬ 
ter, are the cause of refraction. The wave 
amplitude is also assumed to be small, 
defining a second small parameter. The 
theory is of first order in both the pa¬ 
rameters,, Ray methods are given partic¬ 
ular emphasis, and the phenomenon of 
wave-trapping is discussed in detail, 
Wave-trapping opens the possibility of 
resonance on an unbounded surface of 
water. Apart from its intrinsic importance 
for wave propagation in general, the ar¬ 
ticle is relevant to oceanography with 
possible applications extending to off- 
shore and ocean engineering. 

The title of the third article, “Polymer 
Fluid Mechanics,” by Goddard, is a little 
misleading because the bulk of the trea¬ 
tise is concerned not with the mechanics 
of polymer liquids but with the theory of 
their constitutive equations. Only the 
third section contains an annotated list of 


solved problems in polymer fluid me¬ 
chanics, and the appendix is a discussion 
of the Taylor stability of Couette flow. In 
the central part of the article, restrictions 
imposed on the constitutive equations by 
the assumption that the motion is com¬ 
mutative are discussed; commutative 
motions include well-known motions, like 
viscometric flows, as special cases. 

The volume concludes with a survey on 
relaminarization of fluid flows, written by 
Narashimha and Sreenivasan. Three 
basic reasons for relaminarization are 
identified: increase of dissipation when 
the mean Reynolds number of the flow 
decreases, as in flow through a diverging 
pipe; stable stratification of the fluid; and 
highly favorable pressure gradients in 
accelerated boundary layer flow. Many 
minor effects leading to partial or com¬ 
plete laminarization are detailed, and 
relevant experimental results are pre¬ 
sented. 

This book again fulfills the high ex¬ 
pectations with which each new volume of 
this well-established series of reviews is 
awaited, Although the expository quality 
in a book like this cannot be expected to 
be quite uniform, I find all the articles— 
which are accompanied by rather exten¬ 
sive lists of references—well written, in¬ 
formative, and certainly useful not only 
for specialists but also for those readers 
who want to learn something about new 
developments in fields of mechanics that 
are not in the center of their own scientific 
interests.— E, Becker, Institut fur 
Mechanik, Technische Hochschule 
Darmstadt, West Germany 


Proceedings of the Eighth U.S. Na¬ 
tional Congress of Applied Me¬ 
chanics. R. E, Kelly, ed. 261 pp. North 
Hollywood, CA: Western Periodicals, 
1979. $49.50. 

_ This volume contains, with two excep¬ 
tions, the full text of the five plenary lec¬ 
tures and ten special lectures presented 
in June 1978 at UCLA. The papers, writ¬ 
ten by competent and renowned experts, 
give an informative and authoritative 
survey of recent developments, methods, 
and problems of the science of mechanics. 
They cover theoretical, computational, 
and experimental aspects of solid and 
fluid mechanics. Most contributions are, 
more or less, on the theoretical side. 
However, two lectures on experimental 
methods in solid and fluid mechanics, 
respectively, and two lectures on compu¬ 
tational methods in the same two fields 
have obviously been included in the pro¬ 
gram to guarantee a certain balance. Un¬ 
fortunately, part of that balance has been 
lost because the lecture on computational 
fluid mechanics is one of the exceptions 
mentioned above. 

The fast development of the laser and 
holography, and the ensuing revival of 
optics, have had a considerable influence 


on the refinement of experimental 
methods in solid and fluid mechanics 
likewise. The spectacular progress of the 
computer is the reason for the rapid evo¬ 
lution of computational mechanics. It is 
reassuring to note that the pitfalls along 
the road of progress are not overlooked. 
For example, Gallagher remarks at the 
end of his lecture on computational 
methods in solid mechanics: “One of the 
principal risks of computational me¬ 
chanics, particularly in its application to 
engineering design, is the performance of 
analyses without adequate understanding 
of its underlying assumptions and appli¬ 
cability to the problem at hand.” 

A list of all contributed papers, with 
their titles and authors’ names and affil¬ 
iations, is appended. All contributions 
have been retyped for reproduction, 
which has insured a uniform and attrac¬ 
tive typography.—£. Becker, Institut [Hr 
Mechanik, Technische Hochschule 
Darmstadt, West Germany 


An Introduction to High-Voltage Ex¬ 
perimental Technique: Textbook for 
Electrical Engineers. Dieter Kind. 212 
pp. Philadelphia: Heyden, 1978. $19.50 
paper. 

In the past decades, interest in high 
voltage has expanded from electric power 
line design to many areas of physics, 
chemistry, semiconductor engineering, 
and other disciplines where in general 
high-intensity electric fields prevail. 
Kind’s book is most welcome because a 
good presentation on modern high-volt¬ 
age techniques has long been needed. 

The author is one of Europe’s foremost 
authorities on the subject and was for 
years the director of the institute where 
Marx invented the surge generator; he 
recently became president of PTB, the 
“older brother” of our NBS. This book is 
in the best tradition of European techni¬ 
cal writing, in which the student’s (text¬ 
book) and the practicing engineer/scien¬ 
tist’s (reference book) needs are merged 
with skillful balance. To quote: “Despite 
all progress in theoretical work, the 
physical phenomena in these materials 
are still not sufficiently understood. 
Hence, experiment is the basis of scien¬ 
tific work in this field. It follows that ex¬ 
perience in experimental work is essential 
for the successful treatment of numerous 
problems.” 

An abridged listing of chapter titles and 
topics should be indicative of the variety 
of subjects treated: the book includes 
discussions of generation and measure¬ 
ment of high ac, dc, impulse voltages, and 
currents; nondestructive testing; electric 
fields and liquid and solid dielectrics; 
partial discharges; breakdown of gases; 
internal overvoltages; traveling waves; 
arcs; impedances of plane conductors; 
statistical evaluation of test results; con 
fidence limits; and design and operation 
of high-voltage laboratories. Each chapter 
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starts with an approximately five- to 
seven-page theoretical treatise, followed 
by a description of a related experiment, 
and concludes with the evaluation tech¬ 
niques. 

The book is easy to read; Dr. Rao (Ma¬ 
dras) and Mrs. Schneider (Braunschweig) 
have done a commendable job. The pres¬ 
ence of some British terminology, for ex¬ 
ample earthing instead of grounding, and 
the use of IEC’s alternate U for voltage, 
the long-established Continental practice, 
rather than E or V, should pose no prob¬ 
lems for the reader. There are only two 
things to be aware of: that following Ger¬ 
man standards, the book has no graphic 
symbol for impedance in general, and 
that the complex coordinate system is 
shifted by +90°; thus the real axis points 
upward in the phasor/vector diagrams. 
The well-designed and skillfully executed 
drawings and photographs add to the at¬ 
tractiveness of the volume. 

At the beginning of each chapter the 
most pertinent literature is given, and, in 
the same way, all statements are profes¬ 
sionally referenced. Kind uses the refer¬ 
encing system that is gaining popularity 
everywhere: instead of using numbers, the 
author’s iast name and the year of publi¬ 
cation of the book or paper are given. I am 
an ardent advocate of this system, and I 
hope that all readers will agree. The book 
is a must for library shelves, for everyone 
involved in any aspect of high-intensity 
electric fields, and for electric power en¬ 
gineers in general .—John F. Szablya, 
Electrical Engineering, Washington 
State University 


Mechanisms of Deformation and 
Fracture. K. E. Easterling, ed. Inter¬ 
national Series on the Strength and 
Fracture of Materials and Structures. 
422 pp. Pergamon, 1979. $65. 

It is usually not easy to review a volume 
of proceedings of an interdisciplinary 
conference such as this one held at the 
University of Lulea, Sweden, in 1978. 
Each of the papers read requires its own 
mini-review, but 37 mini-reviews add up 
to a very lengthy maxi-review which, like 
its clothing counterpart, tends to conceal 
everything. Attention to particular papers 
may be the result of a penchant by the 
reviewer and can do serious injustice to 
important information in other papers. 

This volume makes matters somewhat 
easier: it begins with three “keynote” re¬ 
view lectures on the interrelationship 
between earth sciences, solid mechanics, 
and materials sciences by K. B. Broberg 
(Lund), P. Feltham (Brunei), and J. F. 
Knott (Cambridge). They should be re¬ 
quired reading for students—in the wi¬ 
dest sense of the word—of geology, theory 
of elasticity, rheology, and fracture me¬ 
chanics. Taken together, they present a 
broad picture of the influence of each of 
the disciplines on thinking in the others. 


Extensive bibliographies are of great as¬ 
sistance, 

The rest of the volume is divided into 
two main sections dealing respectively 
with experimental and theoretical studies 
of both deformation processes and frac¬ 
ture, Naturally, the experimental studies 
are both detailed and specific and are for 
specialists; I can hardly imagine any re¬ 
search worker being interested in more 
than one or two of them. The theoretical 
studies presented are of more general in¬ 
terest. 

Continuum damage mechanics is a 
relatively new subject. It receives ele¬ 
mentary but very clear presentation In a 
paper by Jan Hult (Goteborg). A consis¬ 
tently recurring subject, that of elastic 
interactions in two-phase systems, is in¬ 
vestigated in three papers by Johannesson 
and Sjoblom (Linkoping), K. Berglund 
(Stockholm), and A, Bodare (Uppsala). 
The last paper is brief but presents a very 
interesting conclusion concerning the 
reason that the dynamic tensile modulus 
of an elastically inhomogeneous material 
must always be greater than its static 
modulus. This is really new, and the ex¬ 
tremely primitive model used must be 
extended to more realistic models. 

The paper used is superb, allowing ex¬ 
cellent reproduction of photographs, but 
its distribution may be limited chiefly to 
libraries,— Z. Rigbi, Chemical Engi¬ 
neering, Technion-Israel Institute of 
Technology, Haifa 


Laser Handbook, Vol, 3. M, L, Stitch, ed. 

878 pp. North-Holland, 1979. $122. 

As the editor says in the Preface, the 
word “handbook” is used not to indicate 
a collection of tables or formulas but in 
the sense of the German Handbuch. 
Volume 3, like Volumes 1 and 2, is a series 
of expository articles, each on a different 
subject related to lasers, The articles are 
loosely grouped into two sections, laser 
technology and laser applications, 

The choice of subject matter in Volume 
3 is excellent. Each article focuses on a 
subject which has matured sufficiently to 
be treated in an expository review while 
still important and active enough to make 
such a review immediately useful. The 
laser technology articles deal with un¬ 
stable resonators, waveguide gas lasers, 
high-power, efficient, electrically excited 
CO lasers, excimer lasers, chemical and 
gasdynamic lasers, and pulsed dye lasers. 
In the applications section the papers 
discuss the technology of bandwidth- 
limited ultrasound pulse generation, high 
average power, efficient second-harmonic 
generation, laser-induced chemical reac¬ 
tions and isotope separation, pulsed ho¬ 
lography, advanced lasers for fusion, and 
continuous picosecond spectroscopy of 
dyes. 

All of the articles are clearly and well 
written by authors who have been major 


contributors to laser technology and ap¬ 
plications and are unquestionably au¬ 
thorities on the subject. The papers are 
sufficiently tutorial and historical to be 
excellent starting points for advanced 
students or professionals in other areas 
who wish to learn about the field. 

In summary, I recommend the book 
and believe it accomplishes its purpose 
well, Its nature suggests that it should be 
read at the local library.— Howard 
Schlossberg, Air Force Office of Scientific 
Research, Washington, DC 



History and Philosophy of 
Science 


The Enterprise of Knowledge: An 
Essay on Knowledge, Credal Proba¬ 
bility, and Chance. Isaac Levi. 462 pp. 
MIT Press, 1980. $27.50. 

This monograph on epistemology, 
though addressed to philosophers, can be 
important also to scientists for the con¬ 
clusions it tries to establish concerning the 
scientific enterprise. For many decades 
now, the view that scientific progress 
consists of a steady accumulation of 
knowledge has been widely rejected by 
most philosophers of science. Levi reas¬ 
serts this older point of view in a novel 
epistemology. Were it not for the fact that 
the author is known as a serious philoso¬ 
pher, one might, however, take the book 
to be a sophisticated parody, For example, 
according to Levi, knowledge is a source 
for inquiry and deliberation—rather than 
vice versa. The aims of an investigator are 
the surrealistic “improvement of knowl¬ 
edge” and “avoidance of error.” Indeed, 
the existing body of knowledge is taken to 
. be “infallible” (the “tenure 1 ’ theory of 
knowledge—once a hypothesis gets into 
the corpus it becomes inviolate), At the 
same time, however, this knowledge is 
subject to correction and ,revision, even 
though it is infallible at the present 
time. t _ 

Levi argues his case with fine distinc¬ 
tions among various forms of fallibility 
and corrigibility and distinguishes his 
epistemology clearly from that of the 
school of Charles Peirce and Karl Popper, 
in which new hypotheses can be advanced 
irrespective of whether they are compat¬ 
ible with current theories—indeed falsi- 
fiability is a merit of a good hypothesis. 
Levi, however, bases his attack on Peirce 
and Popper too heavily on a dispropor¬ 
tionate emphasis on their notion that 
science converges to a single final truth. 
Also, Levi takes issue with Thomas Kuhn 
and P.K. Feyerabend for advocating too 
loose a connection between new hypoth¬ 
eses and existing theory (too revolution¬ 
ary and anarchical, respectively). 

Although the same neorealist emphasis 
continues throughout, the latter part of 
the book is devoted to probabilistic no- 
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tions in judgment and decision-making. 
There is an eye-catching analysis of the 
Rasmussen nuclear reactor safety report 
in an appendix,—ft. A, Uritam, Physics, 
Boston College 

The Mind-Body Problem: A Psycho- 

biological Approach. Mario Bunge. 

Foundations and Philosophy of Science 

and Technology. 250 pp, Pergamon 

Press, 1980, $28 cloth, $13.50 paper. 

Anyone who is unaware of Mario Bunge’s 
work should be told immediately that he 
is a scientist’s philosopher. His numerous 
publications attempt to dispel all beliefs 
or world views that do not jibe with sci¬ 
entific knowledge or are not potentially 
fruitful for scientific inquiry. This book is 
no exception. Various views on the so- 
called mind-body problem are critically 
dissected and discarded. In their place 
emergentist materialism is advocated. 

In line with the systems world view set 
out in Volume 4 of his Treatise on Basic 
Philosophy (D. Reidel, 1979), in which 
some of this work first appeared, Bunge 
proposes that the mind is not an entity, 
but a set of emergent bioactivities. 
Heeding the work of neurophysiologists 
and psychologists, he attempts to develop 
a theoretical framework for under¬ 
standing mentation in terms of brain 
processes, Although the book is quite 
readable, definitions and postulates are 
presented formally with the use of set 
theoretic notation. The desire for a firm 
logical foundation sometimes leads to 
oversimplification (e.g. Postulate 4.1), but 
this does not detract from the main 
argument, and indeed may be useful if it 
stimulates the reader to attempt a better 
formulation. 

The book includes an extensive bibli¬ 
ography and a brief glossary of technical 
terms, I would recommend it to all who 
are interested in neuronal systems, be¬ 
havior, psychology, sociology, or philos¬ 
ophy—especially those just entering such 
fields of study ,—Roger G. E, Palfree, 
Biochemistry, Queen's University, 
Kingston, Ontario 

A Centennial History of The American 
Society of Mechanical Engineers, 
1880-1980. Bruce Sinclair, 256 pp. 
University of Toronto Press, 1980. 
$15. 

Every scientific or technical society 
needs a history written by Bruce Sinclair. 
This study of The American Society of 
Mechanical Engineers is Sinclair’s second 
institutional history, and like his first, 
Philadelphia's Philosopher Mechanics: 

A History of the Franklin Institute, 
1824-1865 (Johns Hopkins University 
Press, 1974), it goes beyond narrow year- 
to-year events to bring its subject to life. 
ASME’s life story is not one of rags-to- 
riches success but one of success tempered 
by failure, contradiction, and conflict. 


Despite rapid technological change, much 
of which was presided over by the Society 
itself, and despite changing political and 
social climates, ASME’s history has been 
a continuous process of defining the So¬ 
ciety’s activities in two spheres of action, 
which Sinclair calls the sphere of social 
economy and the technical sphere. 

In the sphere of social economy, ASME 
has struggled to work out such matters as 
how the Society should help its individual 
members develop and maintain engi¬ 
neering professionalism, how the Society 
can serve the often-conflicting interests 
of the public and engineering industries 
(for whom most engineers work), and 
what position the Society should take in 
local and national political matters, These 
are hard, perennial questions which have 
shaped ASME’s history. 

Questions in the technical sphere have 
been no easier, For decades ASME’s 
banner has been its work in standards, 
most notably its boiler code. But as Sin¬ 
clair demonstrates, the seemingly benign 
process of establishing standards raises 
fundamental questions about vested in¬ 
terests and the supposed neutrality of 
such standards. ASME’s $9.9 million fine 
in 1979 for antitrust statute violations in 
connection with its boiler code would not 
have surprised ASME administrators if 
they had looked at their Society’s history 
from Sinclair’s perspective. 

In this sense and in many other ways, 
Sinclair’s book is imperative reading for 
members of ASME and other technical 
societies. It is of some comfort, after all, to 
know that issues faced today are neither 
new nor simply solved. This book is one of 
which ASME can be proud, for it is a 
major contribution to engineering pro¬ 
fessionalism and the history of engineer¬ 
ing,— Dauid A, Hounshell, Technology, 
The Hagley Museum, and History, Uni¬ 
versity of Delaware 


Philosophers at War: The Quarrel be¬ 
tween Newton and Leibniz. A. Rupert 
Hall. 338 pp, Cambridge University 
Press, 1980, $24.95. 

Among the most acrimonious priority 
disputes in the history of mathematics 
was that between the German philoso¬ 
pher-polymath G. W, Leibniz and the 
Englishman Isaac Newton over the cal¬ 
culus. While Leibniz published first in 
1684, approximately 8 years after his ini¬ 
tial discoveries, Newton had his fluxion 
method by 1666. Although each arrived at 
his results independently, charges and 
countercharges of plagiarism abounded 
from 1693 to Leibniz’s death in 1716 and 
beyond, In this book, Hall expertly re¬ 
hearses the story of this infamous dispute 
from its inception to 1722. His narrative 
aptly summarizes the human and also the 
brutal side of a controversy extremely well 
documented by and long familiar to his¬ 
torians of science. As Hall reports, Leibniz 
and Newton were no innocents, but nei¬ 


ther was quite as strident as the many 
subalterns who exacerbated the dispute 
with often unfounded and self-serving 
accusations. 

The primary virtue of Hall’s ac« unit is 
its thoroughness. Each stage of the con¬ 
troversy is meticulously rendered. Un¬ 
fortunately, however, the author disre¬ 
gards the internal history of mathematics. 
Surely some exposition of mathematical 
styles would have enriched our under¬ 
standing of the subtle nuances of a dis¬ 
pute that turned on the problem of who 
had what technique or algorithm and 
when. Nor is Hall’s chapter on the "phil¬ 
osophical debate’’ especially illuminating, 
particularly from the Leibnizian point of 
view. Even so, Hall concludes by recog¬ 
nizing, quite rightly, that philosophical 
and mathematical structures are inte¬ 
grally related. As he points out, Leilmizimi 
infinitesimals and Newtonian lltixiam 
were not identical, however "equivalent” 
they appear mathematically and in re¬ 
trospect. Leibniz’s Monadmlvhrv and 
Newton’s dynamics correspond in form 
and impetus with their respective math¬ 
ematical discoveries. 

It is regrettable that Hall elected tint to 
interlace his narrative with the kind of 
conceptual analysis he is eminently ca¬ 
pable of providing. From Philtmpb-r.: at 
War —as it happens, a misleading 
title—we learn just how vain, relemJe.^, 
and vindictive scientists can he in d«-f« tK- 
of their intellectual progeny; I Kuspwt we 
might have learned how they think and 
how deeply they think as well.- Hm mi 
Bernstein, John E. Andrus Center fur 
Public Affairs, Wesleyan Uniwmt y 


German-Jewish Pioneers in Science 
1900-33: Highlights in Atomic Phvdcri, 
Chemistry, and Biochemistry. David 
Nachmansohn, 388 pp. Springer Ver- 
lag, 1979. $29.80. 

David Nachmansohn rightly charac¬ 
terizes his book as a “monument" to a 
select number of German-Jewish physi¬ 
cists and chemists (especially biochem¬ 
ists) from 1900 to 1933 and as a tribute m 
scientists who "influenced his own sej, 
entific and cultural formation." He {<).<•» 
wrote his book, he tells us, in order u> 
further the Leo Baeck Institute's aim of 
documenting the history of Jews in t Jar¬ 
man-speaking countries. 

Through the use of potted biographies 
and potted science, Nachmansohn luu 
written an idiosyncratic and long-winded 
account of the lives and work of a number 
of German-Jewish scientists, including 
James Franck, Max Born, Fritz Halier 
Richard Willstatter, Otto Warburg, ami 
Otto Myerhof. Lacking a thesis and « 
well-defined subject—sometimes he 
seems to be referring to individual scien 
tists who were were both German and 
Jewish, sometimes to collaboration he- 
tween German and German-Jewish sci¬ 
entists—he frequently wanders back into 
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the 19th century and forward from 1933 
to today. Though his occasionally inter¬ 
esting personal recollections and reflec¬ 
tions on German-Jewish biochemists may 
prove of some use to those interested in 
the history of biochemistry, his account of 
the well-known lives and accomplish¬ 
ments of German-Jewish atomic physi¬ 
cists and chemists is largely a rehash of 
other studies. Written in an uncritical and 
unanalytical spirit, often repetitive in 
content and graceless in style, the book is 
of little use to the serious student of the 
history of 20th-century atomic physics, 
chemistry, and German-Jewish culture. 
Only those looking for a heroic account of 
German-Jewish biochemists—nearly all 
of whom are either Nachmansohn’s sci¬ 
entific models or colleagues—will find this 
book of interest .—David Cahan, Colle¬ 
giate Division of the Social Sciences, 
University of Chicago 

A Prelude to Genetics: Theories of a 
Material Substance of Heredity: Dar¬ 
win to Weismann. Gloria Robinson. 259 
pp. Lawrence, KS: Coronado Press, 
1979. $15. 

'Phis is the best presentation of the 
history of 19th-century theories of he¬ 
redity to have appeared so far. Its tech¬ 
nique is straightforward: it takes up in 


turn, in separate chapters, always against 
a broad background of contemporary 
thought, the theories of Darwin, Galton, 
Haeckel, Jaeger, Brooks, von Nageli, 
Weismann, and De Vries, concluding with 
a brief discussion of early 20th-century 
ideas on the significance of the chromo¬ 
somes in relation to the rediscovered 
Mendelian laws. 

Historically, the book is highly accu¬ 
rate. Beautifully written, it makes lucidly 
clear and interesting what usually seems 
recondite, The work is worthy of a more 
attention than it has so far received and 
is essential reading for all who are inter¬ 
ested in the backgrounds of modern ge¬ 
netics.—Jane Oppenheimer, Biology and 
History of Science, Bryn Mawr College 

Roving Naturalist: Travel Letters of 
Theodosius Dobzhansky. Bentley 
Glass, ed, 327 pp. American Philo¬ 
sophical Society Memoirs, 139. Phila¬ 
delphia: APS, 1980, $8 paper. 

Take this for in-flight reading. You will 
enjoy it. The author of the classic Genet¬ 
ics and the Origin of Species (Columbia 
University Press, 1937)'is neatly intro¬ 
duced in ten pages, but the bracketed 
editorial comment is rare. Dobzhansky’s 
youth was fortunately recorded through 
the Columbia Oral History Project, and 


16 pages from those tapes precede the 46 
letters that begin with 1948, The letters 
are grouped for pleasant reading, without 
(I regret to say) the addresses of recipi¬ 
ents, and presumably with silent exci¬ 
sions. 

You may wish to add your own index. 
Ostensibly Dobzhansky was pursuing 
Drosophila (or talking to college audi¬ 
ences), but he also had a continuing in¬ 
terest in butterflies—he found Papilio 
ulysses of New Guinea even more spec¬ 
tacular than the Brazilian Morphos; in 
politics— “I suspect that the answer is 
that many people prefer self-government 
to good government. And I am inclined to 
agree with them”; and in religion—his 
philistine lucubrations include remarks 
on Coptic-Moslem, the faces of Shiva, and 
the losing battle between two Baptist 
spinster missionaries and a Roman 
Catholic “padre of athletic physique” for 
souls in the Brazilian town of Imperatriz. 
The letters are sanitized but sprightly and 
wise: “Ex-cannibals are, for good or ill, on 
their way to becoming citizens of one 
world.” And to think Dobzhansky fol¬ 
lowed after fruit flies first in Russia and 
then in America, India, New Guinea, and 
elsewhere, until he was 75, just because an 
American, H. J. Muller, had introduced 
experimental stocks into Russia !—Joseph 
Ewan, Tulane University 
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Oceanography and Surface Layer 
Meteorology, Kiel, 1978, Vol. 1: 
Oceanography and Surface Layer 
Meteorology in the B/C Scale, Gerold 
Siedler & John D, Woods, eds. 294 pp, 
Vol. 2: Equatorial and A-Scale 
Oceanography, Walter Diiing, ed. 356 
pp. Pergamon Press. $100 set. 

Rinehart, John S. Geysers and, Geother¬ 
mal Energy. 223 pp. Springer-Verlag. 
$19.80. 

Schumacher, M. M, ed. Enhanced Re¬ 
covery of Residual and Heavy Oils, 2nd 
ed. Energy Technology Review, 59, 
Chemical T echnology Review, 174,378 
pp, Noyes Data. $48. 

Sears, M., & D. Merrlman, eds. Ocean¬ 
ography: The Past. Proc. 3rd Internet, 
Cong., Woods Hole Oceanographic In- 
stit., 1980. 812 pp. Springer-Verlag. 
$37.50. 

Siegal, Barry S., & Alan R, Gillespie, eds. 
Remote Sensing in Geology , 702 pp, 
Wiley. No price given, 


Life Sciences 

Adrian, R. H., et al., eds. Reviews of 
Physiology, Biochemistry and Phar¬ 
macology, Vol 87. 232 pp. Springer- 
Verlag, $51.90. 

Allen, K, Radway. Conservation and 
Management of Whales. A Washing¬ 
ton Sea Grant Publication, 107 pp, 
University of Washington Press. 
$12.50, 

Babin, Claude. Elements of Palaeontol¬ 
ogy, Trans, N. Orriss. 446 pp, Wiley. 
$57. , 

Baddiley, Sir James, & E. P. Abraham 

nlming 1 A? A ( ter 

London! 

Royal Society. £21.30. 

Banin, A, & U Kafkaki, eds. Agrochem¬ 
icals m Soils. 448 pp. Pergamon Press. 

Barany, F, R., R, Shields, R. Caprilli, eds. 
Gastrointestinal Emergencies 2 . Proc. 
2nd Internat. Symp., Rome, 1979,184 
pp. Pergamon Press. $30. 

“ a “ ow i R' B. Quantitative Aspects of 
■ Chemical Pharmacology: Chemical 
Ideas in Drug Action with Numerical 
Examples. 250 pp, University Park 
■ttsss. $19.95, 

Basson Marc D., ed. Ethics, Humanism, 
and Medicine. Progress in Clinical and 

Lissl^f ReSearCh ’ 38 ' 321PP ' Alan R ' 
Bourne, G. H, & J. F, Danielli, eds. In- 
f'national Review of Cytology, Vol. 
67.337 pp, Academic Press. $35. 

A '’ Carles E. Cornelius, 
eds. Advances in Veterinary Science 
and Comparative Medicine, Vol, 24 . 
_ 325 pp. Academic Press. $39.50 
Bronner, Felix, & Arnost Kleinzeller, eds. 


Transport, Vol. 14: Carriers and 
Membrane Transport Proteins. 477 
pp. Academic Press, $49.50. 
Charlesworth, Brian. Evolution in Age- 
Structured Populations. Studies in 
Mathematical Biology, 1. 300 pp, 
Cambridge University Press, $44.50 
cloth, $13.95 paper. 

Cloudsley-Thompson, J. L, Tooth and 
Claw: Defensive Strategies in the An¬ 
imal World, 252 pp. London: J. M. 
Dent, $22,50. 

Creutzfeldt, W. ed. The Entero-Insular 
Axis. Frontiers of Hormone Research, 
7.310 pp, Basel: S, Karger, SFr, 110. 
Dermer, Otis C., Vivian S. Curtis, 
Franklin R. Leach, Biochemical Indi¬ 
cators of Subsurface Pollution. 203 pp, 
Ann Arbor Science, No price given, 
Edwards, David. Antimicrobial Drug 
Action. 327 pp, University Park Press, 
$24.95 paper, 

Ewert, Jorg-Peter. Neuroethology: An 
Introduction to the Neurophysiologi¬ 
cal Fundamentals of Behavior. 342 pp, 
Springer-Verlag, $24,80. 

Feduccia, Alan. The Age of Birds. 196 pp, 
Harvard University Press. $20, 
Ferenczy, L, & G, L, Farkas, eds, Ad¬ 
vances in Protoplast Research. Proc, 
5th Internat. Symp., Szeged, Hungary, 
1979.510 pp. Pergamon Press. $73. 
Fried, Peter A., & Harry Oxorn. Smoking 
for Two: Cigarettes and Pregnancy, 
146 pp. Free Press. $10.95. 

Gates, David M. Biophysical Ecology, 
Advanced Texts in Life Sciences. 611 
pp, Springer-Verlag. $39,80. 

Gaugas, Joseph M., ed, Polyamines in 
Biomedical Research. 474 pp, Wiley- 
Interscience, $85. 

Gould, Stephen Jay. The Panda's 
Thumb: More Reflections in Natural 
History, 343 pp. W. W, Norton, 
$12,95. 

Gram, Theodore E, ed. Extrahepatic 
Metabolism of Drugs and Other For¬ 
eign Compounds, Monographs in 
Pharmacology and Physiology, 5.601 
pp. SP Medical & Scientific Books. 
$55. 

Harris, Curtis C,, Benjamin F. Trump, 

S D, Stoner, eds, Methods in Cell 
gy, Vol, 2h Normal Human Tis¬ 
sue and Cell Culture, Part B: Endo¬ 
crine, Urogenital, and Gastrointestinal 
Systems, 512 pp, Academic Press. 
$49.50, 

Harris, M, K., ed, Biology and Breeding 
for Resistance to Arthropods and 
Pathogens in Agricultural Plants, 
Proc, Course, Texas A&M Univ,, 1979. 
605 pp. College Station: Texas Agri- 
cultural Experimental Station, Texas 
A&M Univ, $10 paper. 

Hayat, M, A,, ed, X-ray Microanalysis in 
Efojogy. 488 pp, University Park Press, 
$14.95, 

Hearn, J. P„ ed. Immunological Aspects 
of Reproduction and Fertility Control, 

253 pp, University Park Press, 
$44,50, 

Hocutt, Charles H, & Jay R, Stauffer, Jr. 
Biological Monitoring of Fish, 416 pp, 
Lexington Books.No price given, 
Horowitz, . Norman H„ & Edward 
Hutchings, Jr,, eds. Genes, Cells, and 
Behavior: A View of Biology Fifty 
Years Later, Proc. 50th Anniversary 

Symp,, California Inst, of Technoloev 
„ 1978.169 pp. 
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Introduction and Guide to the Marine 
Bluegmn Algae. 194 pp. Wilev-In- 
terscience, $23.50. 

Johnson, C. Warner, John R, Snihto, 
Leonard A. Evans, Basie Psycfutlhcr- 
apeutics: A Programmed Text. 597 pp. 
SP Medical & Scientific Books. $14,95 
paper. 

Johnson, Martin H., & Barry J. Everitt. 
Essential Reproduction. 356 pp. 
Blackwell Scientific. $24.50 paper. 
Jolly, Alison, A World Like Our Own 
Man and Nature in Madagascar. 272 
pp. Yale University Press. $29.95. 
Karreman, George, ed. Cooperative 
Phenomena in Biology. 246 pp. Per¬ 
gamon Press, $42.50, ‘ 

Lambe, Dwight W,, Robert J. Genet., K. 
J. Mayberry-Carson, eds. Aruwrolw 
Bacteria: Selected Topics. JUS pit. 
Plenum. $29.50. 

Lanadowne, J. ?. Birds of the West Cimt, 
Vol. 2.167 pp. Houghton Mifflin. $4(1 
Lennox, E. S., ed. Defense and Recogni¬ 
tion, Part 2A: Cellular Aspects. 278pp. 
Part 2B: Structural Aspects, 222 pp. 
International Review of Bwdtemistrv, 
22 & 23, University Park Press, 1979. 
$29.50 each. 

Levi, Herbert W. The Orb-Weaver dmm 
Mecynogea, The Subfamily Mvtimo 
and the Genera Pachygnatha, Glen- 
ognatha and Azilia of the Suhfamil. 
Tetragnathinae North of Mexico 
(Araneae: Araneidae). Bulletin of the 
Museum of Comparative Zoology, Vol 
49, No. 1.75 pp, Cambridge, MA:* M (% 
Harvard University. $7.25 paper. 
Litwack, Gerald, ed. Biochemical Action-, 
of Hormones, Vol. 7. 424 pp. Academic 
Press. $45. 

Lopez, Ralph I., ed. Adolescent Median* 
Topics Nil 2. 199 pp. SP Medical k 
Scientific Books, No price given. 
Luckett, W. Patrick, ed. Comparative 
Biology and Evolutionary Relation, 
ships of Tree Shrews. Advances in 
Pnmatology, 314 pp. Plenum. $39.59. 
Massry, Shaul G., Eberhard Rita, Henri 
Jahn, eds. Phosphate and Minerals m 
Health and Disease. Advances in Ex¬ 
perimental Medicine and Biology. 188. 
675 pp. Plenum, $59.50. 

Neuberger, A., & T. H. Jukes, eds. Bite 
chemtry of Nutrition l. International 
Review of Biochemistry, 27. 331 pp 
University Park Press, 1979. $34,5(1. ' 
Norris, David O. Vertebrate Endnvri - 

mio' 624 w - Lea & 

Offord, R, E„ ed, Chemistry »/ Macro- 
molecules, Part 2A: Simple Macro- 
molecules, 269 pp, Part 2B: Macro 
molecular Complexes. 242 pp. Inter 
national Review of Biochemistry, 24 & 
25. University Park Press, 1979. $29 56 
each, 

Parmelee, David F, Bird Island in Ant¬ 
arctic Waters. 140 pp. University of 
Minnesota Press. $18.95. 

Pearse, Andrew. Seeds of Plenty, Semis 
of Want: Social and Economic Impli¬ 
cations of the Green Revolution. 262 
D PP- W University Press. $22,50. 
Peberdy, John F. Developmental Micro- 
Jjo op lertiary Level Biology. 230 pp. 
n Hal tfPress. $29.95 paper 
Pe - y ’ Tl H® n % ne - Beef Cattle Feed¬ 
ing and Nutrition. Animal Feeding and 
Nutrition. 383 pp. Academic Press 

Peterson, Paul C., Warren T. Atyeo, W. 


Wayne Moss. The Feather Mite Fam¬ 
ily Eustathiidae. ( Acarina : Sarcopti- 
formes). Monograph 21.143 pp. Phil¬ 
adelphia: Academy of Natural Sciences T< 
of Philadelphia. Paper, no price 
given, 

Peterson, Roger Tory. A Field Guide to 
the Birds: A Completely New Guide to Vi 
All the Birds of Eastern and Central 
North America, 4th ed. The Peterson 
Field Guide Series, 1.384 pp. Houghton 
Mifflin. $15 cloth, $9.95 paper. 

Reid, Robert A., & Rachel M. Leech. V 
Biochemistry and Structure of Cell 
Organelles. Tertiary Level Biology. 176 
pp. Halted Press. $34.95. 

Reynolds, Vernon. The Biology of Human V 
Action. 303 pp. W. H. Freeman. 
$10.95. , , 

Roses, B. D„ & W. G. Guder, eds. Bio- \ 
chemical Aspects of Renal Function, 
Proc, Symp., Merton College, Oxford, 
1979. 324 pp. Pergamon Press. $55 
paper. n ' 

Rowan, Andrew N„ & Carl J. Stratmann, 
eds. The Use of Alternatives in Drug 
Research. 190 pp. University Park 
Press. $24.50 paper. ^ 

Hiithenherg, Hans. Farming Systems m 
the Tropics, 3rd ed. 424 pp. Oxford 
University Press. $89. 

Sahhen-Clare, E. E., D. J. Bradley, K. 
Kirkwood, eds. Health in Tropical 
Africa during the Colonial Period. 276 

pp. Oxford University Press. $42. 

Sanadi, D. Rao, ed. Current Topics m 
Bioenergetics, Vol. 10.297 pp. Aca¬ 
demic Press. $3450. , 

Burin. Prem S., & Robert C. Gallo, eds. 

nwrases. International Encyclopedia 
of Pharmacology and Therapeutics, 
Section 103.251 pp. Pergamon Press. 
$60, 

Kchulz-Schaeffer, Jurgen. Cytogenetics: 
Plants, Animals, Humans. 446 pp, 
Springer-Verlag. $32.80. 

Scott Peter. Observations of Wildlife. 
112 pp. Cornell University Press. 
$19 95 

Sidenian, S., & T. M. S. Chang, eds. He- 
moperfusion: Kidney and Kwerjup- 
port and Detoxification, Part 1.473 pp. 
Hemisphere/McGraw-Hill Interna- 

Sincfafr!’H 9 ‘m’ & G. R. Howat, eds. 
World Nutrition and Nutrition Edu¬ 
cation. 226 pp. Oxford University 

ftMSS-H,* Nancy Mh 

Weber. The Mushroom Hunters Field 
Guide. 316 pp. University of Michigan 

Smith 8 VW Lynn, Harold Merskey, Steven 
C GLs; eds. Pain: Meaning and 
Management. 170 pp. SP Medical & 
Scientific Books. $20. _ Peter 

Sommers, Sheldon C, & V&u 
Rosen, eds. Pathology Annual, Part 1, 
Vol 15: 1980. 482 pp. Appleton-Cen- 

1 Eton Animate Centre Sympm, 

2 2« PP Word University Press. 

$39.50. , advances in 


tional Review of Biochemistry, 26.314 
pp. University Park Press, 1979. 
$29.50. 

Tolbert, N. E,, ed. The Biochemistry of 
Plants: A Comprehensive Treatise, 
Vol. 1: The Plant Cell, 705 pp, Aca¬ 
demic Press. $65. 

Valverde-Rodriguez, C,, & H. Arechiga, 
eds, Comparative Aspects of Neu¬ 
roendocrine Control of Behavior. 
Frontiers of Hormone Research, 6,250 
pp. Basel: S. Karger. $58.75. 

Van Vunakis, Helen, & John J. Langone, 
eds. Immunochemical Techniques, 
Part A, Methods in Enzymology, 70. 
525 pp, Academic Press. $48. 
Vertebrates: Physiology. Readings from 
Scientific American. 263 pp. W. H. 
Freeman, $19.95 cloth, $9.95 paper. 
Vetorrazzi, Gaston. Handbook of Inter¬ 
national Food Regulatory Toxicology, 
Vol. 1: Evaluations. 161 pp, SP Medical 
& Scientific Books. $30. 

Wilson, Peter J. Man, the Promising 
Primate: The Conditions of Human 
Evolution, 185 pp. Yale University 
Press, $12.95. 

Winick, Myron, ed. Nutrition and Gas¬ 
troenterology. Current Concepts in 
Nutrition, 9. 221 pp. Wiley-Inter¬ 
science. $32.50. , 

Winick, Myron. Nutrition in Health ana 
Disease. 261 pp. Wiley-Interscience, 
$18.95. 

Zavodskaya, I. S., E. V. Moreva, N. A 
Novikova, eds. Neurogenic Heart Le¬ 
sions. 141 pp. Pergamon Press. $50. 


Chemistry. Resource and Environ¬ 
mental Sciences. 184 pp. Halsted Press. 
$14.95 paper. 

Roxburgh, Nigel. Policy Responses to 
Resource Depletion: The Case of 
Mercury: Contemporary Studies in 
Economic and Financial Analysis. 21. 
219 pp. JAI Press. $27.50. 

Schwing, Richard C., & Walter A. Albers. 
Jr., eds. Societal Risk Assessment: How 
Safe Is Safe Enough? General Motors 
Symposia. 363 pp. Plenum. $39.50. 
Shriner, David S., Chester R. Richmond, 
Steven E. Lindberg, eds. Atmospheric 
Sulfur Deposition: Environmental 
Impact and Health Effects. Proc. 
Symp., Gatlinburg, TN, 1979.568 pp. 
Ann Arbor Science. $29.50, 

Spiro, Thomas G., & William M. Stigliani. 
Environmental Issues in Chemical 
Perspective. 374 pp. State University 
of New York Press, $21, 

Stiff, M. J., ed. River Pollution Control. 

423 pp. Halsted Press. $99.95. 

Vowles, P. D., & D. W. Connell. Experi¬ 
ments in Environmental Chemistry: A 
Laboratory Manual, Series on Envi¬ 
ronmental Science, 4.102 pp. Perga¬ 
mon Press. $20 cloth, $9.95 paper. 
Whyte, Anne V„ & Ian Burton, eds. En¬ 
vironmental Risk Assessment. SCOPE 
15.157 pp. Wiley. $30. 


Pergamon Press. $50. behavioral Sciences 


Ecology and Environment 

Baker, Robert A., ed. Contaminants and 
Sediments, Vol. 1: Fate and Transport, 
Case Studies, Modeling, Toxicity, boa 
pp, Vol. 2: Analysis, Chemistry, Biol¬ 
ogy. 627 pp. Ann Arbor Science. No 

Barrington^E. J. W. Environmental 
Biology. Resource and Environmental 
Sciences. 244 pp. Halsted Press. $17.95 

Breuer, Georg. Air in Danger: Ecological 
ItopectA: of the Jtmospheje, 
Trans. Peter Fabian. 189 pp. Cam¬ 
bridge University Press. $24.95 cloth, 

Collins! E et al., eds. Industrialised 
Embayments and Their Bnvmn- 
mental Problems: A Case Study of 

ZanseaBay.?xoc.lfxAm^m 

Symp, University College, Swansea, 
1979.616 pp. Pergamon Press. $75. 
Cowser K. E, & C. R. Richmond, eds. 

Effects Proc. Symp, Oak Ridge 
£al Ubl 1918. & PP. Am Arbor 

Fate and Weathering of Petroleum 
Spills in the Marine BmronmmtrA 
Literature Review and Synopsis^? 
pp. Ann Arbor Science. No price 

Park 6 Chris C. Ecology and Environ¬ 
mental Management: A to^apfecai 
Perspective. Studies in Physical Ge¬ 
ography. 272 pp. Westview Press. 

' RjUwell, R. W, et al. Environmental 


Argyris, Chris. Inner Contradictions of 
Rigorous Research. Organizational and 
Occupational Psychology. 203 pp. Ac¬ 
ademic Press. $16. > , 

Barlett, Peggy F, ed. Agricultural Deci¬ 
sion Making: Anthropological ton 
tributions to Rural Development. 
Studies in Archaeology. 378 pp. Aca¬ 
demic Press. $26. 

Burgess, Robert F, Man: 

Under the Sea. 331 pp, Dodd, Mead. 

$12 95 

Clark,' Austen. Psychological Models and 
Neural Mechanisms: An Kxmmtm 
of Reductiomsm in Psychology Clar¬ 
endon Library of Logic and Phtoplj 
206 pp. Oxford University Iresa. 

Cockburn, Aidan, & Eve Cockburn eds. 
Mummies, Disease, and Ancient Cul¬ 
tures. 340 pp. Cambridge University 

Historical Perspective. 325 pp. W. n. 
Dvk7Bennettf& Warren T. Morcilj, eds. 

Dy c e Sjic 0 i 

and Social Structure; Adwnwm 

Historical Demography. 255 pp,Aca 

pp. Basic Books. $13.95. 

Foster, Mary LeCron, & ' 

Approaches to 

ing. Language, T g c gnitiQn> 
Advances in the Study oi & 

416 pp. AcademicPre^- A( ^ evment 
Fyaf;. L i e 'k'lnt Trends in Theory 
TZarch 471 PP- ^num. 
$39.50. 
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Gaddes, William H. Learning Disabilities 
and Brain Function: A Neuropsy¬ 
chological Approach. 403 pp. 
Springer-Verlag. $26.90. 

Goldstein, E. Bruce. Sensation and Per¬ 
ception. 492 pp, Wadsworth. No price 
given. 

Harris, James E., & Edward F, Wente, 
eds. An X-Ray Atlas of the Royal 
Mummies. 403 pp, University of Chi¬ 
cago Press. 

Herdt, Gilbert H. Guardians of the 
Flutes: Idioms of Masculinity. 384 pp, 
McGraw-Hill. $21.95, 

Kaplan, Howard B. Deviant Behavior in 
Defense of Self. 255 pp. Academic 
Press. $22. 

Kirby, John R., & John B. Biggs, eds. 
Cognition, Development and Instruc¬ 
tion. 217 pp, Academic Press. $19. 
Kluwe, Rainer H., & Hans Spada, eds. 
Developmental Models of Thinking. 
Developmental Psychology. 304 pp. 

; Academic Press, $26.50. ' 

Kolb, Bryan, & Ian Q. Whishaw. Funda- 
, mentals of Human Neuropsychology. 
501 pp. W. H. Freeman. $17.95. 
Konigsson, Lars-Konig, ed, Current 
I Argument on Early Man, Proc, Nobel 
Symp., Bjorkborns Herrgard, Karl- 
skoga, Sweden, 1978.285 pp. Pergamon 
Press. $60. 

Lebovici, Serge, & Daniel Widlocher, eds. 
Psychoanalysis in France. 451 pp. In¬ 
ternational Universities Press. $30. 
Linares, Olga F., & Anthony J, Ranere, 
eds. Adaptive Radiations in Prehis¬ 
toric Panama. Monographs, 5.530 pp. 
Cambridge, MA: Peabody Museum of 
Archaeology and Ethnology, Harvard 
Univ. $20 paper. 

Lykken, David Thoresen. A Tremor in 
the Blood: Uses and Abuses of the Lie 
Detector. 317 pp. McGraw-Hill. 
$14.95. 

McMillan, James H., ed. The Social 
Psychology of School Learning. Edu¬ 
cational Psychology. 262 pp. Academic 
Press. $21. 

Markl, Hubert, ed. Evolution of Social 
Behavior: Hypotheses and Empirical 
Tests. Life Sciences Research Report 
. 18.253 pp. Deerfield Beach, PL: Verlag 

f. Chimie. $22.50 paper. 

Mowrer, O. Hobart, ed, Psychology of 
Language and Learning. Cognition 
and Language: A Series in Psycho- 
linguistics, 294 pp. Plenum. $27,50. 
Pataki-Schweizer, K, J, A New Guinea 
Landscape: Community, Space, and 
Time in the Eastern Highlands, An¬ 
thropological Studies in the Eastern 
Highlands of New Guinea, 4,165 pp 
_ University of Washington Press. $40. 
Piaget, Jean. Adaptation and Intelli- 
gence: Organic Selection and Pheno- 
copy, Trans. Stewart Eames. 124 pp. 
University of Chicago Press. $11 i 
Rathjen, Diana Pickett, & John P. Foreyt, 

m Social Competence: Interventions 

for Children and Adults, General 1 
Psychology. 337 pp. Pergamon Press. 
$26.50. 

Saul, Leon J. The Childhood Emotional 
Pattern and Human Hostility. 322 dd 1 

Van Nostrand Reinhold. $16.95. 

Seamon, John G., ed. Human Memory; 
t ontemporary Readings, 466 pp. Ox¬ 
ford University Press. $19.95 cloth, 1 
$11.95 paper, ’ 

Serban, George. Adjustment of Schizo¬ 
phrenics m the Community. 294 pp. 

Hi, AmAwinn , uj.-;£■ 


SP Medical & Scientific Books, $35. 
Sprott, Richard L„ ed. Age, Learning 
Ability, and Intelligence, 170 pp. Van 
Nostrand Reinhold. $15. 

Van De Riet, Vernon, Margaret P. Korb, 
John Jeffrey Gorrell. Gestalt Therapy: 
An Introduction, General Psychology. 
129 pp. Pergamon Press. $16.50 cloth, 
$7.95 paper. 

Veroff, Joseph, & Joanne B. Veroff. Social 
Incentives: A Life-Span Develop- 


Data Communications and Networks. 
198 pp. Van Nostrand Reinhold. 
$16.95. 

Kavanau, J. Lee. Symmetry: An Analyt¬ 
ical Treatment. Unpaged. Los Angela; 
Science Software Systems. Paper, n» 
price given. 

Ledermann, Walter, & Steven Vajda, wis. 
Handbook of Applicable Mathematics, 
Vol. 1: Algebra. 524 pp. Wiley-Inttr- 
science. $89.60. 


it. AJOJK-Kjpuu. 3UCUUU. ipCW.MWi 

mental Approach. 311 pp. Academic Metropolis, N,, J. Howlett, Gian-Carl 

D.flnn »,i„ A u :..i_. if! ’ 


Press. $23. 

Weitzman, David. Traces of the Past: A 
Field Guide to Industrial Archaeology 
229 pp. Scribner’s. $17.95. 

Wendorf, Fred, & Romuald Schild. Pre¬ 
history of the Eastern Sahara. Studies 
in Archaeology. 414 pp. Academic 
Press. $65. 


Mathematics and 
Computer Science 

Anderson, Sharon, et al. Statistical 
Methods for Comparative Studies: 
Techniques for Bias Reduction. Series 
in Probability and Mathematical Sta¬ 
tistics. 289 pp. Wiley. $24.95, 

Berger, James 0. Statistical Decision 
Theory: Foundations, Concepts, and 
Methods. Series in Statistics. 425 pp. 


Rota, eds, A History of Computing in 
the Twentieth Century: A Collet:turn 
of Essays. 659 pp. Academic I're*. 
$29.50, 

Miller, J. J. H., ed. Boundary and Interior 
Layers—Cumputational and Asymp¬ 
totic Methods, Proc. BAIL 1 Coitf, 
Trinity College, Dublin, 1980.425 pp, 
Dublin: Boole Press, $60. 

Miller, Rupert (}., Jr, et al., eds. Itimin- 
tistm Casebook. Series in Probability 
and Mathematical Statistics. 238 pp, 
Wiley. $14.95 paper, 

Spath, Helmuth. Cluster Analysis Algo¬ 
rithms for Data Reduction and Vim- 
sification of Objects. Ellis Horwowl 
Series in Computers and Their Appji 
cations. 226 pp. Halstcd Pre*. 
$56.95. 

Stewart, Warren E, W. Harmon' Ray. 
Charles C. Conley, eds, Dynamics and 
Modelling of Reactive System-, 
Mathematics Research Center .Sym¬ 
posia and Advanced Seminar Sent*. 
413 pp. Academic Press. $27.50. 


Springer-Verlag, $24. 

Bogoliubov, N. N, & D. V. Shirkov, In- Traub, J. F, & H, Woiiniakowski 4 
traduction to the Theory of Quantized General Theory of Optimal Aki 
Fields, 3rd ed. 620 pp, Wiley-Inter- rithms. ACM Monograph Meries 34 i 

Burghes, D, N, & A. Graham. Introduc- Wa^,P?u^ t>t | K 


to Control T^IMg "ffinwaSd/Sl 

Optimal Control. Ellis Horwood Series Policy Analysis and Information S\L 
m Mathematics and Its Applications, terns. 413 pp. Plenum. $42.50 ' 

M,p rin . 

cvples of Mathematical Modeling, Press. $36.50. 

ematics. 260 pp, Academic Press. 

$17.95, 

Eason, G, C, W. Coles, G. Gettinby. --—— . 

sK EngineeringandApplied 

Mathematics and Its Applications. 578 sciences 

pp. Halsted Press, $78.95. --— ... ........ 


ed. 198 pp. MIT Press, $14. 

Frates, Jeffrey, & William Noldrup. In¬ 
troduction to the Computer: An Inte- 
fWtoJ Approach. 449 pp, Prentice- .. 

Gd.fflmSarAG.w.M.thettat- 
PpSSSS”" 8 ’ 149 ' 216 

Academic Press. $18. f T? Horw,, °d Se- 

arrison XlM-Distributed Computer HabW?S?^ SC,e ^‘ 368 PP * 
Control Systems. Proc, IFAC Work- Bowen R HR i ™ f . 
shop, Tampa, FL, 1979.229 pp. Per- caldesitnf Mnhtusr' TheLufih 
gamon Press, $65. ' ip/e-M/troprrjt^«Kor 

stzan, Harry, Jr. Multinational Com- $21,50, ' rentice-HalL 


, a , »ur. wwuutuy ym »; 

■ P^F 1 - fluids 

' JRR* Vol. 3: Applications, 785 
PP 1 'P^JProc, 8th Internal. Cong, No 
pies, 1980. Plenum. 


~“*y> wu, Ausurwia, iv. ZOI) pp, 

Academic Press. $18. 

Harrison, T. J, ed, Distributed Computer 
Control Systems. Pm, IFAC Work¬ 
shop, Tampa, FL, 1979,229 pp, Per¬ 
gamon Press, $65. 

Katzan, Harry, Jr. Multinational Com- 


puter Systems: An Introduction to Brill. Thom™ R riaht- iu r , 
Transnational Data Flow and Data with aXJa • l«l eractlm 
Regulation, International ™ Antl( l ulUes - 287 pp, Ple¬ 


num, $29.50. 


I Brown, R. L. E. Design and Manufacture 
\ of Plastic Parts. 204 pp. Wiley-Inter- 
science. $32.95. 

Chalmers, Bruce, J. W. Christian, T. B. 
Massalski, eds. Progress in Materials 
Science, Vol. 23. 267 pp. Pergamon 
Press. $85. 

Chapman, Brian. Glow Discharge Pro¬ 
cesses: Sputtering and Plasma Etch¬ 
ing. 406 pp. Wiley-Interscience. 
$31.50. 

Chigier, N. A, ed. Progress in Energy and 
Combustion Science, Vol. 5. 327 pp. 
Pergamon Press. $97,50. 

Cone, Caroll. Energy Measurement for 
Industrial Furnaces, 201 pp. Wiley- 
Interscience. $28. 

Duffie, John A, & William A. Beckman. 
Solar Engineering of Thermal Pro¬ 
cesses. 762 pp. Wiley-Interscience. 
$25.95, 

Duffy* J. I, ed. Electroless and Other 
Nnnelectrulytic Plating Techniques: 
Recent Developments. 366 pp. Noyes 
Data. $45. 

Emcon Associates. Methane Generation 
and Recovery from Landfills, 139 pp. 
Ann Arbor Science. No price given, 
Onrey, John F„ et al, eds. Condenser 
Iliofouling Control: Symposium Pro¬ 
ceedings. 528 pp. Ann Arbor Science. 

(IiSdberg,Eugene P, & Akio Nakajima, 
eds. Biomedical Polymers: Polymeric 
Materials and Pharmaceuticals for 
Biomedical Use. Proc. Symp, Hono¬ 
lulu, 1979. 457 pp. Academic Press. 
$32 

(itmdgor, E. M. Alternative Fuels: 
Chemical Energy Resources. 238 pp. 
Halsted Press. $43.95, 

Gutcho, M. H„ ed. Cement and Mortar 
Technology and Additives: Develop- 
ments Since 1977, Chemical Technol¬ 
ogy Review, 173.540 pp. Noyes Data, 
$54. 

Hertzberg, Richard W, & John A. Man- 
son. Fatigue of Engineering Plastics, 
295 pp. Academic Press. $35.50. 
Hnatek, Eugene R. OfpofSM-Statg 
Power Supplies, 2nd ed. 621 pp. Van 
Nc^t^nd r^inhold, 1981. $27.H0. 
Horowitz, Paul, & Winfield Hill. The,Art 
of Electronics. 716 pp. Cambridge 
University Press, $24.95. 

Kazmerski, Lawrence L„ folycry s- 

talline and Amorphous Thin Films 

and Devices. Materials Science and 
Technology. 304 pp. Academic Press. 
$37 50 

I vons Jerry L. The Designers 1 Handbook 


/Tflltbaek J. C. Further Engineering 
^Dynamics. 177 pp. Halsted Press. 

Aarsh 95 W aP D.' Economics of Electric 

^Utility Power Generation, Engineering 

Science. 190 pp. Oxford University 


Paints. 316 PP- Van Nostrand Re“ 


Marton,eds .Advances 



Drying, Vol. 1.301 pp. Hemisphere/ 
McGraw-Hill. $55. 

Mujumdar, Arun S., ed. Drying '80, Vol. 

1: Developments in Drying. 578 pp. 
$62. Vol. 2: Proceedings of the Second 
International Symposium. 532 pp. $58. 
Hemisphere/McGraw-Hill. 

Murr, Lawrence E., ed. Solar Materials 
Science. 788 pp. Academic Press. $35. 
Nag, B. R. Electron Transport in Com¬ 
pound Semiconductors. Series in 
Solid-State Sciences, 11. 461 pp, 
Springer-Verlag. $49.30. 

Narendra, Kumpati S., & Richard V. 
Monopoli, eds. Applications of Adap¬ 
tive Control. Proc. Internat. Workshop. 
Yale Univ., 1979, 554 pp. Academic 
Press. $39.50. 

O’Hanlon, John F. A User’s Guide to 
Vacuum Technology. 402 pp. Wiley- 
Interscience. $24,95, 

Ostrovsky, Yu. I., M. M. Butusov, G. V. 
Ostrovskaya. Interferometry by Ho¬ 
lography. Series in Optical Sciences, 20. 
330 pp. Springer-Verlag. $35.90. 
Parkin, N., & C. R, Flood. Welding Craft 
Practice, 2nd ed,, Vol, 2: Electric Arc 
Welding and Related Studies. 176 pp. 
Pergamon Press. $15 cloth, $8.50 
paper. , r 

Pratesi, R., & C. A. Sacchi, eds. Lasers in 
Photomedicine and Photobiology, Se¬ 
ries in Optical Sciences, 22.235 pp. 
Springer-Verlag. $29.50. 

Reismann, Herbert, & Peter S. Pawlik. 


Whitehurst, D. Duayne, Thomas 0. 
Mitchell, Malvina Farcasiu. Coal Liq¬ 
uefaction: The Chemistry and Tech¬ 
nology of Thermal Processes. 378 pp. 
Academic Press. $19.50. 

Wisniak, Jaime, & Abraham Tamir. Liq¬ 
uid-Liquid Equilibrium and Extrac¬ 
tion: A Literature Source Bonk, Part A. 
Physical Sciences Data, 7. 1252 pp. 
Elsevier, $183. 

Wyskida, Richard M., & Don M. 
McDaniel. Modeling of Cushioning 
Systems. 323 pp. Gordon and Breach. 
$42. 

Yih, Chia-Sun., ed. Advances in Applied 
Mechanics, Vol. 20.235 pp. Academic 
Press. $31.50, 


History and Philosophy of 
Science 

Adam, G, Perception, Consciousness, 
Memory: Reflections of a Biologist. 229 
pp. Plenum. $22.50. 

Bailey, William. Man, Religion, and 
Science: A Functional View. 242 pp. 
Santa Barbara, CA: William Bailey. 
$9.95 paper. , 

Bernstein, Jeremy. Hans Bethe, Prophet 
of Energy. 212 pp. Basic Books. 
$12.95. 


Elasticity: Theory and Applications. 
425 pp. Wiley-Interscience. $36. 
Samsonov, G, V., & I. M, Vinitskn. 
Handbook of Refractory Compounds. 
Trans. Kenneth Shaw. IFI Data Base 
Library. 555 pp. Plenum. $75. 

Schwartz, Mischa. Information Trans¬ 
mission, Modulation, and Noise., A 
Unified Approach to Communication 
Systems, 3rd ed. 646 pp. McGraw-Hill. 
No price given. ... 

Scoles, Graham J. Handbook of Rectifier 
Circuits. Ellis Horwood Series m 
Electrical and Electronic Engineering. 
238 pp. Halsted Press. $69.95, 

Septier, A., ed. Applied Charged Particle 
Optics, Part A. Advances in Eledronjcs 
and Electron Physics, Supplement 13. 
356 pp. Academic Press. $41. ■ 

Singh, Madan G., et al. Applied Indus¬ 
trial Control: An Introduction Inter¬ 
national Series in Systems and Control 

1. 450 pp, Pergamon Press. $19.50 

StSar Dwelling Designs. 144 pp. Sterling. 

SufwffiH, .& Michael J. McGuire, 
ads'. Activated Carbon Ads °[P tl0 *,°( 
Organics from the Aqueous Phase, Vol 
1.508 pp. Ann Arbor Science. No price 

Thompson, G. H. & Physics 
conductor Laser Dimes. 549 pp. 
Wiley-Interscience. $65. . 

U S2 S L 426'pp'Actic 
Frank L. Sinclair. 310 pp. Plenum. 

K P ith Y ed .Acoustical Imaging, 
^tmlationandCharact^ 

izaiion. 842 pp. Plenum. $75. 

Weber, Robert L. Pioneers of Science 

Nobel Prize Winners in Physics. 272 

pp, Philadelphia: Heyden. $23. 


Brooks, Paul. Speaking for Nature: How 
Literary Naturalists from Henry 
Thoreau to Rachel Carson Have 
Shaped America. 304 pp. Houghton 
Mifflin, $12.95. ; , 

Cohen, I. Bernard. From Leonardo to 
Lavoisier 1450-1800. Album of Science. 

298 pp. Scribner’s. $37.50. 

Gaukroger, Stephen, ed. Descartes: Phi¬ 
losophy, Mathematics and Physics 
Harvester Readings in the History of 
Science and Philosophy. 329 pp. Barnes 
& Noble. $30. 

Geach, Peter, & Max Black, eds. Trans¬ 
lations from the Philosophical Writ¬ 
ings of Gottlob Frege, 3rd ed. Rowrnan 
and Littlefield. $25 cloth, $10.95 

Ha P ne P n, r Marsha P., Margaret J. Osier, 
Robert C. Weyant, eds. Science, 
Pseudo-Science and Society. 30Ji pp. 
Waterloo, Ont.: Wilfrid Laurier Uni¬ 
versity Press. $7.50 paper. 

Hartley, Dorothy. Lost Country Life . 374 
pp. Pantheon, 1979. $14.95. 

Neider, Charles. Beyond Cape Harm 
Travels in the Antarctic. 387 pp. Sierra 
Club Books. $16.95. 

Oldrovd, D. R, Darwinian Impacts. An 
Introduction to the Darwinw Revo¬ 
lution. 398 pp. Humanities Press. 

Einstein. Trans. Ralph B. Winn. 123 

SchuiT GemfScoP 1 ''' Researches , 
iT'AimLment of Science and 
Technology. 95 pp. New York: Carlion j 

Qnnrfes'^Pauick ed. Studies in the ' 

Foundations of Quantum MechniucJ 

265 pp. East Lansing, MI. Philosophy 

oeriment in Medical Education and 
Rs Outcome. 523 pp. Oxford University. | 
Press, $25. 
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Sigma Xi National Lecturers 1981-82 


For the 44th successive year, Sigma Xi 
has assembled its College of National 
Lecturers, in order to give chapters and 
clubs the opportunity to hear nationally 
known scientists discuss particularly live¬ 
ly areas of current research in a manner 
suitable for interdisciplinary audiences. 

The outstanding scientists listed here 
have agreed to make themselves avail¬ 
able to speak to any Sigma Xi group in¬ 
sofar as their commitments permit. They 
will serve from July 1981 through June 
1982 and have consented, in support of 
the Society’s objectives, to limit their ho¬ 
noraria to a minimal $150 per lecture, to¬ 
gether with full payment of travel costs 
and subsistence (provided either through 
hospitality or reimbursement). 

Invitations should be sent directly to the 
lecturer, and all arrangements about 
dates, travel, and hospitality should be 
worked out with the individual lecturer. 
Three important points: arrangements 
should be confirmed with the lecturer in 


writing. The Chairman of the Committee 
on Lectureships should be informed of 
these arrangements as soon as they are 
firm. Following the visit, the lecturer 
should promptly be given the honorarium 
and reimbursement for out-of-pocket ex¬ 
penses. 

The Society has instituted a modest pro¬ 
gram of subsidies for chapters and clubs 
in need of assistance in financing the 
visit of a National Lecturer. In awarding 
these funds the Committee on Lecture¬ 
ships gives priority to chapters and clubs 
that, because of their small size or re¬ 
mote location, might have difficulty in at¬ 
tracting an outstanding scientist to visit 
them and that have shown initiative in ob¬ 
taining local resources to partially sup¬ 
port the cost of a National Lecturer's 
visit. Applications to cover visits during 
the 1981-82 academic year will be due 
in the Office of the Committee on Lec¬ 
tureships by 1 March 1981. In November 
an application was sent to the president 
of each chapter and club. It must be em¬ 


phasized that this is an application for 
subsidy only; invitations and all arrange¬ 
ments are to be worked out between the 
chapter or club and lecturer directly. 

To assist chapter and club officers in 
planning their programs, we have asked 
this year’s lecturers to designate the ap¬ 
propriateness of their lectures for differ¬ 
ent types of audiences, as follows: 

S Sigma Xi audience of scientists 
from a broad range of disciplines 

G General audience including high 
school science students and/or non¬ 
scientist guests 

N Specialized audience representing 
disciplines close to that of lecturer 

Where more than one level is shown for 
a given lecture title, the lecturer has indi¬ 
cated that, given prior notification, the 
level of the lecture can be adjusted to 
either type of audience. 

John W. Prados, Chairman 
Committee on Lectureships 



Linda Bartoshuk 

John B. Pierce Foundation Laboratory 
290 Congress Avenue 
New Haven, CT 06519 

Do Things Really Taste the Same 
to Everyone? Some 
Demonstrations of Taste 
Phenomena (S,G) 


Educated at Carleton College and Brown 
University (PhD. 1965), Dr. Bartoshuk has 
been associated for the past ten years with 
the John B. Pierce Foundation. She holds 
concurrent appointments as associate 
professor in the departments of epidemiology 
and psychology at Yale University. Previously 
Dr. Bartoshuk worked for four years at the 
U.S. Army's Natick Laboratories, where she 
earned the Scientific Director's Silver Key 
Award for research on the use of natural 
products to alter taste quality. She is a 
member of Sigma Xi, Phi Beta Kappa, and Pi 
Mu Epsilon and Is a Fellow of AAAS. Among 
her numerous professional activities, Dr. 
Bartoshuk serves as consulting editor for 
Perception and Psychophysics and Sensory 
Processes. 


Kurt Benirschke 

Zoological Society of San Diego 

P.O. Box 551 

San Diego, CA 92112 

Biology and Pathology of the 
Twinning Process (G) 

Research Needs in Endangered 
Species (G) 


Born and educated in Germany (M.D. 
Hamburg, 1948), Dr, Benirschke completed 
residencies In pathology and was a staff 
member at several Boston-area hospitals, 
with concurrent faculty appointments at 
Harvard Medical School. From 1960 to 1970 
he was Professor and Chairman of the 
Department of Pathology at Dartmouth 
Medical School, and since 1970 he has been 
Professor of Pathology and Reproductive 
Medicine at the University of Californla-San 
Diego, serving there as Chairman of 
Pathology In 1976-78, Since 1975 he has 
also served as Director of Research and 
Health Services at the San Diego Zoo. Dr. 
Benirschke has been president of the 
American Society of Experimental Pathology 
arid the Perinatal Research Society. 
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William E. Benson 

Office of Earth Sciences 
National Academy of Sciences 
Washington, D. C. 20418 

The Deep Sea Drilling Project 
(S,G) 

Deep Sea Drilling and Plate 
Tectonics (S) 


Rupert E. Billingham 

Department of Cell Biology 
University of Texas Health Science Center at 
Dallas 

5323 Harry Hines Boulevard 
Dallas, TX 75235 

Immunologically Privileged Sites 
(S) 

Immunological Aspects of 
Mammalian Reproduction (S) 
Transplantation in Nature (S) 


Since his recent retirement as chief scientist 
of the NSF Division of Earth Sciences, Dr, 
Benson has served as guest professor at the 
University of Hawaii and now works at the 
National Academy of Sciences. He was 
educated at Yale (Ph.D, 1952) and worked in 
both private industry and government for 
almost 40 years as a geologist and an 
administrator of scientific programs. At NSF 
he was instrumental in starting both the 
Mohole and Deep Sea Drilling Projects. He 
has served on advisory committees of the 
federal government and NAS-NRC, including 
the Committee on Underground Disposal of 
Nuclear Wastes. Dr. Benson is a Fellow of the 
Geological Society of America, the American 
Geophysical Union, and AAAS. 


Dr. Billingham was educated at Oxford (Ph.D. 
1950). He was a faculty member at the 
University of Birmingham, England, and a 
Research Fellow of the British Empire Cancer 
Campaign. In 1957 he joined the Wistar 
Institute of Anatomy and Biology in 
Philadelphia and subsequently was Professor 
and Chairman, Department of Medical 
Genetics, and Director of the Henry Phipps 
Institute, University of Pennsylvania School of 
Medicine. Since 1971 he has been Professor 
and Chairman, Department of Cell Biology, at 
the University of Texas Health Science Center 
at Dallas. Dr. Billingham is a Fellow of the 
Royal Society of London, the New York 
Academy of Sciences, and the American 
Academy of Arts and Sciences. 



Patrick Billingsley 

Department of Statistics 
The University of Chicago 
5734 University Avenue 
Chicago, IL 60637 

Connections between Number 
Theory and Brownian Motion (S) 
Connections between Optimal 
Gambling and Differentiation of 
Functions (S) 


A graduate of the U,S. Naval Academy and 
Princeton (Ph.D, 1952), Dr. Billingsley served 
for nine years in the navy. Since 1958 he has 
been a faculty member at the University of 
Chicago, where he Is Professor of Statistics 
and Mathematics, Dr. Billingsley has been a 
member of the Council of the Institute of 
Mathematical Statistics, a member-at-large of 
the National Research Council In the Division 
of Mathematical Sciences, and editor, of the 
Annals of Probability. He is a past recipient of 
the Lester R, Ford award of the Mathematical 
Association of America. He is also a 
professional actor and has played in stage, 
film, and television productions. 


Unavailable; auminar 1981. 



Daniel B. Botkin 

Environmental Studies Program 
University of Callfornia-Santa Barbara 
Santa Barbara, CA 93106 

An Emerging View of the Effects 
of Life on the Earth and Its 
Consequences for Our Ideas 
about a Balance of Nature (G) 
The Keys to Managing 
Endangered Species (S) 

Large Mammals in Africa: How 
Population Dynamics Are Linked 
to Ecosystem Processes (N) 


A scientist of broadly interdisciplinary 
background and interests, Dr, Botkin is 
currently Chairman of the Environmental 
Studies Program and Professor of Biological 
Sciences, University of Callfornia-Santa 
Barbara. Previously he served on the faculty 
of Yale University, at the Marine Biological 
Laboratory in Woods Hole, MA, and as Fellow 
of the Woodrow Wilson International Center 
for Scholars, For the past ten years he has 
been actively Involved in the study of 
population dynamics of endangered species, 
and he is currently working on a book that 
compares prescientiflc beliefs about the 
balance of nature to the scientific statements 
of modern ecology, 


I 
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Unavailable: 1 Dec, 1981-1 Feb. 1982, 

1 June-15 Sepl, 1981 and 1982, Preferred days; Thursday and 
Friday. 


Mario Bunge 

McGill University 
3479 Peel Street 
Montreal, Quebec 
Canada H3A1W7 

What Is the Difference between 
Science and Pseudoscience? (G) 
Science and Materialism (S) 

Is Chemistry a Chapter of 
Physics? (N) 


Born in Buenos Aires and educated as a 
theoretical physicist, Dr. Bunge has held 
faculty positions In both physics and 
philosophy at universities in Argentina, 
Europe, and the United States. Since 1966 he 
has been Professor of Philosophy at McGill 
University. Dr. Bunge has authored over 300 
publications in physics, philosophy, sociology, 
etc. His principal books Include Causality 
(1959), Scientific Research (1967), 
Foundations of Physics (1967), Sense and 
Reference (1974), Interpretation and Truth 
(1974), The Furniture of the World ( 1977), A 
World of Systems (1979), and The Mind-Body 
Problem (1980). 



Bryant Chow 

Department of Mathematics and Statistics 
University of Southwestern Louisiana 
Lafayette, LA 70504 

The Correct Use of Statistics in 
Science, Sports, and Advertising 
(S,G) 

Nonparametric Solutions for 
Analysis of Variance (N) 


Dr. Chow Is Professor of Statistics at the 
University of Southwestern Louisiana. He 
holds degrees from Franklin and Marshall 
College (B.S.), Rutgers-The State University 
of New Jersey (M.S.), and earned the Ph.D. In 
statistics from Virginia Polytechnic Institute. 
He Is at present serving on the Joint 
Committee on Statistics Education with the 
American Statistical Association and Ihe 
National Council of Teachers of Mathematics. 
Dr. Chow has directed and participated in 
several programs for the National Science 
Foundation. Dr. Chow and his wife have been 
Danforth Foundation Associates for the past 
ten years. 



Susan A. Gerbi 

[Before 1 September 1981 ) 

Brown University 
Biomedical Division—Box G 
Providence, Rl 02912 

[1 September 1981-30 June 1982) 
c/o Dr. Sharyn Endow 
Duke University 

Department of Microbiology and Immunology 
Durham, NC 27706 

Evolutionarily Conserved Regions 
within Ribosomal DNA (N,S) 


Dr. Gerbi Is Associate Professor of Biology at 
Brown University, where she has served since 
1972. She was educated at Barnard College 
and Yale (Ph.D. 1970), and conducted 
postdoctoral research at the Max Planck 
Institute for Biology In Tubingen, West 
Germany. She has been a recipient of an NlH 
Research Career Development Award and 
serves on research advisory panels for the 
NlH, American Society of Ceil Biologists, and 
the National Academy of Sciences. She has 
been a member of the staff of the 
developmental biology course, Marine 
Biological Laboratory, Woods Hole, MA. Dr. 
Gerbi is a member of the American Society of 
Cell Biologists, the Society for Developmental 
Biology, the American Genetic Association, 
and Sigma XI. 



Richard Goody 

Pierce Hall 
29 Oxford Street 
Cambridge, MA 02138 

Climate Change and Climate 
Control (G) 

The Outer Solar System (S) 
Polar Ice (S) 


Dr. Goody earned the Ph.D. at Cambridge a 
served for a time at Imperial College, Londf 
In 1958 he came to Harvard as director of t 
Blue Hill Observatory, serving later as direct 
of the new Center for Earth and Planetary 
Physics and as associate dean of the Dlvlsl 
of Engineering and Applied Physics. Curren 
he Is Malllinckrodt Professor of Planetary 
Physics at Harvard and chairman of the 
geophysics section, National Academy ol 
Sciences. Dr. Goody has served on many 
scientific panels and has received numerou 
research awards, His books Include: The 
Physics of the Stratosphere, Atmospheric 
Radiation , and Atmospheres. 
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John C. Crowell 



Unavailable: 1Oct.-l Doc, 1981,1 May -16 June 1982. 


Department of Geological Sciences 
University of Callfomia-Santa Barbara 
Santa Barbara, CA 93106 

Ancient Ice Ages through 
Geologic Time(S,G,N) 

Geologic History of the San 
Andreas Fault (S,G,N) 

Sedimentation along Continental 
Transform Faults (S,G,N) 


A native of Pennsylvania, Dr. Crowell was 
educated at the University of Texas, the 
Scripps Institution of Oceanography, and 
UCLA (Ph.D. 1947). His research on the 
record of ancient ages has taken him to all 
continents, from Antarctica to Norway’s North 
Cape. As a California geologist he has, in 
addition, continued tectonic investigations 
along the San Andreas and related faults. At 
present he is chairman, Office of Earth 
Sciences, National Research Council, and 
Professor of Geology, University of 
California-Santa Barbara. 



William S. Fyfe 

Department of Geology 
University of Western Ontario 
London, Ontario 
Canada N6A5B7 

Formation of the Earth’s Crust 
(G,S) 

Sea Water-Basalt Interaction 
(N,S) 

Earth Resources (G) 


A native of New Zealand, Dr. Fyfe was 
educated at the University of Otago (Ph.D. 
1952) and has held faculty positions at the 
University of Callfornia-Berkeley and Imperial 
College-Manchester, where he was Royal 
Society Professor of Geochemistry. Currently, 
he is Chairman of the Department of Geology 
at the University of Western Ontario. He has 
held a Guggenheim Fellowship (1964) and is a 
Fellow of the Royal Society (U.K.), a member 
of the Academy of Sciences of Brazil, 

• Honorary Fellow of the Geological Society of 
America, and Life Fellow of the Mineral 
Society of America. Dr. Fyfe’s publications 
include over 200 papers and 5 books. 


f 



Ud&vallnMe: June-Aug. 1981, IS Dec. iwi-» Jan.1982. 


John C. Kraft 

Department of Geology 
University of Delaware 
Newark, DEI 9711 

Reconstruction of Ancient 
Landscapes of the Iliad and the 
Odyssey (S,G) 

Coastal Barrier Erosion and 
Response to Relative Sea Level 
Change ($,N) 

Geological Studies Related to 
Coastal Planning and 
Development (S) 


Dr. Kraft received his education at 
Pennsylvania State University and the 
University of Minnesota (Ph.D, 1955). He 
worked as a geologist with the Shell Oil 
Company in Louisiana, Texas, Oklahoma, and 
Arizona, and with Shell Canada, Ltd., in 
Calgary and Edmonton, Alberta. In 1964 he 
joined the faculty of the University of 
Delaware, where he currently serves as 
chairperson and Professor in the Department 
of Geology. Dr. Kraft’s present research 
covers a wide geographic area, including 
Delaware, Greece, Turkey, and Hawaii. 




Thomas C. Jorling 

Center for Environmental Studies 

Williams College 
Williamstown, MA 01267 

Life Support: The Thrust of 
Environmentalism in the Eighties 

(SjG) 

Benefit-Cost Analysis: A Wolf in 
Sheep’s Clothing (S,G) 


Mr. Jorling has been Professor of 
Environmental Studies and director of the 
Center for Environmental Studies at Williams 
College since 1972, taking leave from 
1977_79 to serve as assistant administrator 
of EPA's Office of Water and Waste 
Management. Before joining the Williams 
faculty, he was a minority counsel for the 
Senate Committee on Public Works and held 
positions with the Smithsonian Institution and 
the Department of the Interior. In 1980 he 
served as a member of the President’s 
Commission for a National Agenda for the 
Eighties. A graduate In biology from the 
University of Notre Dame, Mr. Jorling 
received the LL.B from Boston College Law 
School and the M.S, In Ecology from 

Washington State University, 
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Frank Kreith 

Solar Energy Research Institute 
1617 Cole Boulevard 
Golden, CO 80401 

Industrial Application of Solar 
Energy (S) 

Solar Energy: Promise and 
Reality (G) 

Thermal Performance of Solar 
Systems (N) 


Dr. Kreith is chief of the solar thermal 
research branch at the Solar Energy 
Research Institute in Golden, Colorado. He 
holds degrees in mechanical engineering 
from the University of California-Berkoley 
and a Doctorate from the University of Paris. 

He was a research engineer at the Jet 
Propulsion Laboratory at California Institute of 
Technology and a Guggenheim Fellow at 
Princeton; he has served on the faculties of 
the University of Californla-Berkeley, Lehigh 1 
University, and the University of Colorado. Dr. I 
Kreith has also held Fulbright and NATO I 

Senior Fellowships. I 



Donald H. Levy 

The James Franck Institute 
The University of Chicago 
5640 S. Ellis Avenue 
Chicago, IL 60637 

Ultracold Gas Phase Molecules: 
Spectroscopy in Supersonic 
Molecular Beams ($,N) 

Photochemistry of Weakly Bound 
Clusters (S,N) 


A native of Youngstown, Ohio, Dr. Levy was 
educated at Harvard and the University ol 
Californla-Berkeley (Ph.D. 1965). He 
conducted postdoctoral research for two 
years at Cambridge University and In 1967 
joined the faculty of the University of Chicago, 
where he currently serves as Professor of 
Chemistry and Physical Sciences, Collegiate 
Division, Since joining the University of 
Chicago he has held Sloan, Du Pont, and 
Guggenheim Fellowships. 



Thomas E. Lovejoy 

World Wildlife Fund 

1601 Connecticut Avenue, N.W, 

Washington, D.C. 20009 

Minimum Critical Size of 
Ecosystems ($,G) 

Can Science Save Amazonia? 
(S,G) 


Educated at Yale (Ph.D. 1971), Dr. Lovejoy 
has been studying the ecology of Amazon 
forests since 1965, He is currently Vice 
President for Science at the World Wildlife 
Fund. He Is active in international 
conservation, particularly In Latin America, 
and Is Interested in the scientific problems 
relating to conservation and biological 
management. Presently he Is co-principal 
Investigator on a Joint U.S./Brazilian study in 
the Amazon on the biological dynamics ol 
forest fragments. Dr. Lovejoy Is an elected 
member of the American Ornithologists' 
Union, a Scientific Fellow of the New York 
Zoological Society, and a research associate 
In ornithology of the Academy of Natural 
Sciences of Philadelphia. 



James G. Miller 

Department of Physics 
Washington University 
St. Louis, MO 63130 

Computed Tomography Based on 
Ultrasound 

Quantitative Ultrasonic Imaging 
for Tissue Characterization ($) 
Attenuation of Ultrasound by 
Tissue (N) 


Dr, Miller Is Professor of Physics and F 
associate director for biomedical physics of 
the Laboratory for Ultrasonics at Washington 
University In St. Louis, He holds a |olnt 
appointment as research assistant professor 
of medicine in the Washington University 
School of Medicine. Dr. Miller's research 
focuses on biomedical applications of F ’ 

ultrasound, with particular Interests in tissue i 
characterization and In the physics underlying ]§ 
the propagation of ultrasound In tissue. He f 
holds two patents and has co-authored more 
than 50 manuscripts on ultrasonic topics. He 
has received two Industrial Research awards: j 

in 1974 for an ultrasonic microemboli monitor : 
used In open-heart surgery, and In 1978 (ora 

phase-insensitive ultrasonic transducer based i 
on the acoustoelectric effect, 
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Unavailable: 1 Jan, 1981-1 June 1981. 


James H. McElhaney 

Biomedical Engineering Department 
Duke University 
Durham, NC 27707 

Sensory Feedback for Amputees 
(S,G,N) 

Biomechanical Aspects of Head 
and Neck Injuries (S,N) 
Biomechanical Aspects of Auto 
Crashworthiness (S,G,N) 


Dr. McElhaney received his education at 
Villanova University, the University of 
Pennsylvania, and West Virginia University 
(Ph.D. 1964). He worked as a mechanical 
engineer for the Philco Corporation and has 
served on the engineering faculties of 
Villanova University, West Virginia University, 
and the University of Michigan where he 
headed the Biomechanics Department, 
Highway Safety Research Institute. Since 
1973 he has been at Duke University, where 
he is currently Professor of Biomechanics. Dr. 
McElhaney serves as consultant and advisor 
to numerous governmental, industrial and 
nonprofit organizations concerned with 
industrial, product, and automotive safety. 



Benoit B. Mandelbrot 

Thomas J, Watson Research Center, IBM 
P.O. Box 218 

Yorktown Heights, NY 10598 

Taming of the Mathematical 
Monsters (G) 

Fractals and Geometry with 
Many Scales of Length (S) 
Fractals and Physics/ 
Geophysics/ Astronomy (N) 


Dr. Mandelbrot, with IBM research since 1958 
and an IBM Fellow since 1974, has 
contributed to diverse fields but is best known 
for his studies of extremely irregular 
fluctuations and of shapes that have many 
scales of length—notably of fractals. He 
graduated from the Ecole Polytechnique in 
Paris and holds the Ph.D. in mathematics from 
the University of Paris. John von Neumann 
sponsored him for a year at the Institute for 
Advanced Study in Princeton. He has taught at 
Harvard (economics, applied physics, and 
most recently, mathematics), Yale, and MIT, 
and lectured at the College de France. 



Robert P. Morgan 

Campus Box 1106 
Washington University 
St. Louis, MO 63130 

Science, Technology, and 
International Development (S,G) 
University Education for Science, 
Technology, and Public Policy 
(S,G,N) 

University Education for 
Engineering and Public Policy 
(S,G,N) 


Dr. Morgan is Professor and Chairman, 
Department of Technology and Human Affairs 
and Director of the Center for Development 
Technology at Washington University, 
Educated at the Cooper Union, MIT, and 
Rensselaer Polytechnic Institute (Ph.D. 1965), 
he was Assistant Director of the MIT School 
of Engineering Practice in Oak Ridge and a 
member of the engineering faculty of the 
University of Missouri-Columbia prior to 
joining Washington University. Dr. Morgan is 
actively Involved in interdisciplinary research 
and writing on a broad range of subjects, In 
1978 he received the Chester F. Carlson 
Award of the American Society for 
Engineering Education. 



Arthur A. Myrberg, Jr. 

School of Marine and Atmospheric Science 
University of Miami 
4600 Rickenbacker Causeway 
Miami, FL 33149 

The Sensory Worlds of Sharks: 
Traditional Views Collide with 
New Facts (S,G) 

The Coral Reef: Order and 
Precision Amid Apparent Chaos 

(S) 

The Not-So-Silent World beneath 
the Sea: Studies of Biological 
i and I imitation (S.N) 


Dr. Myrberg is Professor of Marine Science in 
the Division of Biology and Living Resources, 
University of Miami. He was educated at 
Rlpon College, the University of Illinois, and 
UCLA (Ph.D, 1961) and was a postdoctoral 

fellow at the Max Planck Institute for 

Physiological Behavior in Seeweisen, 
Germany. His principal research interests 
include the comparative behavior of fishes, 
particularly those of tropical waters; 
underwater acoustics and its biological 
significance; and the sensory biology and 
behavior of sharks. 
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William P, Reinhardt 

Department of Chemistry 
University of Colorado 
Boulder, CO 80309 

Chemical Kinetics: From Atoms 
to Enzymes (G) 

Highly Excited Atoms and 
Molecules (S) 

Atomic Structure in External 
Fields (N) 


Dr. Reinhardt is Professor of Chemistry and a 
Fellow of the Joint Institute for Laboratory 
Astrophysics at the University of Colorado. He 
studied at the University of Callfornla- 
Berkeley and Harvard (Ph.D. 1967 in chemical 
physics) and has served on the faculties of 
Harvard and Colorado. He has held Sloan and 
Guggenheim Fellowships and received the 
Camille and Henry Dreyfus Teacher-Scholar 
Award and the Fresenlus Award of Phi 
Lambda Upsiion. Dr, Reinhardt works in the 
area of theoretical chemistry and Is interested 
in the flow of energy in highly excited atoms 
and molecules. 




Hewson Swift 

Department of Biology 
The University of Chicago 
1103 East 57th Street 
Chicago, IL 60637 

Dissecting the Chromosome (S) 
Subservient Genomes: The 
Nature of Chloroplast and 
Mitochondrial DNA (S) 


Associated with the University of Chicago for 
over 30 years, Dr. Swift is currently George 
Wells Beadle Distinguished Service Professor 
of Biology and'Pathology. He was educated at 
Swarthmore College, the University of Iowa, 
and Columbia (Ph.D. 1950) and has served as 
visiting professor at Harvard, Senior Visiting 
Research Fellow in Canberra, Australia, and 
in positions at the U.S, National Museum and 
U.S. Department of Agriculture. Dr. Swift is a 
member of the American Academy of Arts 
and Sciences, the National Academy of 
Sciences (chairman, Section on Cellular and 
Developmental Biology, 1976-1979), and Is a 
recipient of the Quantrell Award for 
Excellence in Teaching. 



Gian-Carlo Rota 

Department of Mathematics 2-351 
Massachusetts Institute of Technology 
Cambridge, MA 02139 

What Is Combinatorics? (N) 
Current Trends in Mathematics 
(S) 

Mathematics and Its Foundations 
(S,G) 

The Euler Characteristic for 
Applied Scientists (N) 


A native of Italy, Dr. Rota was educated at 
Princeton and Yale (Ph.D. 1956) and currently 
serves as Professor of Applied Mathematics 
and Philosophy at MIT. He has also held 
faculty positions at New York University, 
Harvard, and Rockefeller University. He has 
served as advisor and consultant to the Office 
of Naval Research, the Rand Corporation, and 
Los Alamos Scientific Laboratory, and he 
edits several mathematical publications, 
including Advances in Mathematics, of which 
he has been Editor-in-Chlef since 1968. Dr. 
Rota is a Fellow of the American Academy of 
Arts and Sciences and of the Institute of 
Mathematical Statistics, 



Unavailable: July-Aug. 1981, July-Aug. 1982. 


Carolyn Wood Sherif 

Department of Psychology 
515 Moore Building 
Pennsylvania State University 
University Park, PA 16802 

Categorization of Self and 
Others: Social Psychological 
Processes (S) 

Social Psychology of Conflict and 
Cooperation between Groups 
(S,G) 

Attitudes Involving Self in Social 
Cognition (N) 


Educated at Purdue, the University of Iowa, 
Columbia, and the University of Texas (Ph.D. 
1961), Dr. Sherif is currently Professor of 
Psychology at Pennsylvania State University. 
Earlier she taught at the University of 
Oklahoma and has been visiting professor of 
psychology and sociology at Cornell and 
distinguished visiting professor at Smith 
College. She is author or co-author of more 
than 50 papers and 10 books, including 
Attitude and Attitude Change (with Muzafer 
Sherif, 1965), a Citation Classic. A Fellow of 
the American Psychological Association, Dr, 
Sherif was president of its Division on 
Psychology of Women and Is a member of the 
Association's Policy and Planning Board. 



Cecil J. Schneer 

Department of Earth Sciences 
University of New Hampshire 
Durham, NH 03824 

Leonardo, Diirer, and Kepler: 
Renaissance Background to 
Crystallography (G) 

The Great Taconic Controversy 

Crystal Form and Crystal 
Structure (S,N) 


Dr. Schneer serves as professor in the 
Department of Earth Sciences at the 
University of New Hampshire, where he 
teaches mineralogy and history of science. 
He received his education at Harvard and 
Cornell (Ph.D. 1954) and worked in South 
America as a mining geologist. His latest 
publications are on the morphological 
complements of crystal structures and on the 
history of geology In America, He has been 
chairman of the history division of the 
Geological Society of America and an 
associate editor for The Dictionary of 
Scientific Biography, Dr, Schneer has 
lectured in 12 foreign countries and serves as 
vice president of the International Committee 
on the History of Geology. 



Unavallobta: July-Aug. 1981, 


Dorothy B. Vitaliano 

U. S. Geological Survey 
Room 227, Geology Building 
1005 East Tenth Street 
Bloomington, IN 47405 

Santorini (Thera) Volcano, the 
Minoans, and Atlantis (S) 
Geomythology: The Folklore of 
Geology ($,G) 


A native of New York City, Mrs. Vitaliano 
attended Barnard College and Columbia 
University (A.M. and M.Phil. degrees). A 
geologist with the U.S. Geological Survey 
since 1953, her present assignment Involves 
translation (mainly from Russian) of technical 
books and papers, She is a Fellow of the 
Geological Society of America: member of 
the Geosciences Information Society; 
member-at-large, Committee E (Geology- 
Geography) of AAAS; and a formal member 
■ of the International Commission on Tephra. 
Widely traveled, Mrs. Vitaliano’s independent 
research on geomythology and her joint work 
with her husband on archaeological geology 
grew out of their book, Legends of the Earth, 
which was a nominee for the 1974 National 
Book Awards. 
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Irving J. Selikoff 

Mt. Sinai School of Medicine 
100th Street and Fifth Avenue 
New York, NY 10029 

Scientific Bases for Public 
Control of Environmental Health 
Hazards (S) 


Dr. Selikoff Is Professor of Community | 
Medicine and director of the Environmental I 
Sciences Laboratory at the Mount Sinai § 
School of Medicine. He is thus able to 1 
maintain two concurrent concerns: definition I 
of causes of human disease—especially % 

cancer—and approaches to their control and Jf 

prevention. A past president of the New York 
Academy of Sciences, Dr. Selikoff is a = 
member of the National Cancer Advisory 
Board, Editor-In-Chief of Environmental 
Research, and recipient of the Lasker Award 
and National Research Award of the 
American Cancer Society. 

.. ■ v ■ l 
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Annual Meeting 
$ 155 , 004 - 7 . 2 % 


\S: 


C A L 


Policy and Evaluation 
$ 40 , 856 - 1 . 9 % 


American Scientist 
$ 875 , 518 - 40 . 9 %" 




Organization 

'$ 425 , 780 - 19 . 8 % 


(>■ 


Wk 


GlAR Reserve 

S, 84,283-8.5°/> 


Membership 

$ 245 , 700 - 11 . 4 % 


Lectureships / \ 

$ 41 , 444 - 1 . 9 % / | 

Administration Grants 


i \ Chapter-at-Large 
\ $ 34 , 118 - 1 . 6 % 
International Chapter 


numiiHouauuii grants —-.. 

$ 35 , 217 - 1 . 5 % $ 184 , 283 - 8 . 5 % $ 5,288 - M 

Grants in Aid of Research 
$ 219 , 500 - 10 % 


(cont'd from p. 14) 


nancial statement and other financial in¬ 
formation for the fiscal year ended 30 
June 1980, which was presented to the 
General Assembly, included as it did last 
year a special section entitled "Simpli¬ 
fied Expense Reports by Program, Activi¬ 
ty, and Purpose.” This section is repro¬ 
duced here for the possible interest of 
the membership. Of course, the com¬ 
plete financial statement will as always 
be furnished to any member upon re¬ 
quest. The pie-chart diagram on this 
page gives a picture of the overall alloca¬ 
tion of Sigma Xi’s expenditures for pro¬ 
grams and activities, which in turn fall 
into three major classifications of pur¬ 
poses. For instance, it may be seen from 
the chart that all monies spent for admin¬ 
istration of Grants-in-Aid of Research 
come from operation income, while the 
grants themselves come from the Re¬ 
serve for Grants-in-Aid of Research. The 


sum of these two expenditures—10% of 
the Society’s total expenditure for opera¬ 
tions and Grants-in-Aid—is shown as one 
segment of the Encouragement and Sup¬ 
port for Science and Research. The 
breakout of the values shown in the pie 
chart are given in the two tabular arrays 
on pp. 127 and 128. 

Summary of Expense Reports by 
Program, Activity, and Purpose 

The first table is actually an extension of 
the Statement of Operating Expenses 
which appears in the Audited Financial 
Statement. In this modified expense re¬ 
port the same figures are extended for 
each line item to show the allocation of 
the budgeted and actual expenses 
against three classifications of the Soci¬ 
ety’s activities: Encouragement and Sup¬ 
port for Science and Research, Control 
and Management of the Society, and Per¬ 
petuation and Growth of the Society. The 
second table shows actual vs. budgeted 


expenses in terms of cost centers, pro- 
grams, and purposes rather than line 
items, Perhaps at some future time this 
new form of reporting may be substituted 
for the present Statement of Operating 
Expenses as being more meaningful to 
the membership. 

Throughout the year, however, only the 
reporting by line item will serve to main¬ 
tain control of the expenses for each 
cost center by line item together with 
monthly totals for each line Item in addi¬ 
tion to totals for each cost center. It 
should be noted that the $45,886 of 
building expense (total expense less 
rental income from building) has been al¬ 
located to appropriate cost centers. In 
the event, however, that rental Income 
should exceed total expense, no charge 
will be placed against any Society cost 
center and the difference will appear as 
an item of income. 
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Sigma Xi Simplified Expense Report by Program, Activity, and Purpose 


OPERATING EXPENSES + GRANTS-IN-AID OF RESEARCH 
WITH ALLOCATIONS TO PROGRAMS 
FY 80 

ACTUAL VS BUDGET 


Actual Budget 


Encouragement 

and 

Support for 
Science & Research 
$1,150,495 
$1,097,160 


American Scientist 
$875,518 $892,836 

Grants-in-Aid 
of Research 
$219,500 $144,183 

Lectureships 
$ 41,444 $43,185 

Science & Society 
$ 14,033 $ 16,956 


[Committee on Publications 
1 Editorial - Production 
Advertising 

Subscriptions - Solicitations 
[Subscriptions - Fulfillment 

[Committee 

Administration 

^Awards 

['Committee 

Administration 

Subsidies 

^Committee 

Administration 

.Subsidies 


Control 

and 

Management 
of the 
Society 
$ 286,693 
$ 297,134 


Annual Meeting 
$155,004 $167,301 

Governance 
$ 90,833 $ 74,109 


Policy & Evaluation 
$ 40,856 $ 55,724 


Committee 

Administration 

^Subsidies 

Officers 

Board of Directors 
Executive Committee 
Committee on Regions 

^Audit Review 
Budget Committee 
Finance Committee 
Committee on Long Range Planning 
Committee on Nominations 


Perpetuation 
and Growth of 
the Society 
$ 710,886 
$ 743,851 


'Organization 
$425,780 $432,394 


Chapter-at-Large 
$ 34,118 $ 39,415 


International Chapter 
$ 5,288 $ .19,595 


Membership 
$245,700 $252,447 


[ Committee on Qualifications 
J Activation New Groups 
) Maintenance Chapters/Clubs 
(Revitalization Chapters/Clubs 

(Committee 
s Activities 

(Membership Services 
['Committee 
l Branch Services 
[Membership Services 

j Elections & Promotions 
Retention 
[Reactivation 


$2,148,074 Actual ($1,963,791 Operating Expense + $184,283 Nonoperating Expense-GIAR Reserve) 
$2,138,145 Budget ($2,031,745 Operating Expense + $106,400 Nonoperating Expense-GIAR Reserve) 

be classified "nd $ S most part - lf not 
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FOR TODAY'S FACULTY AND COUEGE STAFF MEMBERS' FR0M181O 80. 


Whether you're thinking retirement 
or not,review the plan that provides 
for ash withdrawal and/or a lifetime 
income. 


/ithdrawal and/or lifetime retirement income. You 
an even reduce your income taxes now! 

You can begin contributions to an SRA at any age 
md begin benefits at any age up to age 71 unless you 
ire still employed (then you canbeginning 

renefits until age 80). For example, you could start 

•onttibutions at age 25, and choose to be®*''®*!® 
or withdraw cash at age 34,40 or 50, regardless of 
your employment status. 

Get your money at any time. 

Ymrcan receive benefits as a lifetime income or over a 

fixed ped^of from 2 to 10 years. What's more, if you 

Si . 

is never a cash surrender charge. 

Contributions are tax-deferred, 
so youpay less income taxes now. 

The federal income tax on“^^ ltSi So, you 
deferred until they are paid to you 
pay less tax now. 

1 SSL. 


Full information. 

Complete and mail the coupon for an SRA Information 
Kittoday. You'll get full details about all the advan¬ 
tages SRAs have to offer, why this plan sorts so many 
financial situations and age groups and how- much 

you may contribute to the plan, 
taxexempt educational and research institution. 



Equities buna 
730 Third Avenue 
NewYork, N.Y. 10017 

Please send me full details 
about TIAA-CREF Supplemen 


plan that offers thee 


z , p _ 
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Those Ivory Tusks 
Are Killing Her 

A poaching explosion is killing Africa’s elephants. 
The World Wildlife Fund needs jour help to stop it. 


T he market value of ivory 

has soared in the last five years. 
Like gold and silver, it has become a 
“liquid commodity." 

A single pair of elephant tusks 
weighing 22 pounds will fetch up to 
$500-an amount equal to a year’s 
income for many people in Africa. 
So poachers kill to get them. 

The current epidemic of “ivory 
fever” is the deadliest since before 
World War I. If something isn’t 
done about it - and soon - the 
world’s largest land mammal may 
not survive, Future generations 
may never see a wild elephant. 


Elephant killers operate singly 
and in gangs. They kill with snares, 
poisoned arrows, firearms and even 
sophisticated automatic weapons, 
Recently there have been reports of 
poisoned water holes and poisoned 
fruit set out along elephant trails, 
often killing whole families, 

Today, there are estimated to be 
1.3 million elephants left in Africa. 
Of these, poachers for the ivory 
trade slaughter between 50,000 and 
150,000 each year. The handwriting 
is on the wall, This may be the ele¬ 
phant’s last chance. 

The World Wildlife Fund has 


created an African Elcpllant Ac item 
Plan. They need $11 million t«» 
implement it. 

The Action Plan will: 

• Finance heavier anti-poac Iuut> 
efforts in Africa’s national parks. 

•Regulate the ivory trade* iiiorr 
closely, using bans where ncc'c^ai v, 

•Launch action to halt desirm- 
don of the elephant’s habit al. 

• Award wildlife training si iml.it 
ships to African students and f und 
local environmental education. 

• Carry out action project* in 
each of the 35 African naimti* 
where the elephant still exists. Sam . 
pie costs include Uganda ($5.Tut m y, 
Tanzania ($163,000) and C A R 
($175,000). 

One thing is absolutely vital n» 
the success of the Action Plan: y*un 
financial help. To preserve ilu* 
wonders of natural wildlife f* n 
your children-and their children— 
please send your tax-dedtu uh| t . 
contribution to World Wilt! lit*. 
Fund-U. S„ Dept, E, 1601 
Connecticut Avenue, N. W, 

Washington, D. C. 20009. 


This advertisement was prepared as a public service by Ogilvy &? Mather 



See what just this one module 
can do for you 

The diagram below traces just a few of 
the possible light paths through the ob¬ 
servation module of the unique Zeiss < 
Axiomat. You can route the light directly 
to the cameras...or, with the 3 unique 
prism carousels, you can manipulate it 
in more ways than with any other micro¬ 
scope. And, of course, the Axiomat 
has no equal in stability, precision 
engineering and optical quality, 
Quality service-Expert dealers. 





SSLOBrijjW ggg? SSSw* 

u - u ~ r ] NoO 

NowP Within 3 years P 



# 

l would like: , 

□ Technical advice on. 


□ Demo □ Salesman to call 




American Scientist 


Sigma Xi, The Scientific Research Society 

President Herbert E. Longenecker 
President-elect William A. Nierenberg 
J>1|3 J Executive Director Thomas T. Holme 
Treasurer Gordon B. Carson 
Immediate Past President Melvin Kranzberg 


A Message from the President 

It is a real pleasure for me and for all the officers and Board members of Sigma 
Xi to announce formally in this issue of American Scientist the successful 
conclusion of our search for a new Executive Director. Dr. C. Ian Jackson, at 
present a member of the United Nations Secretariat in New York, will assume 
the duties of Executive Director on 1 July 1981. 

To Caryl Haskins and our hardworking colleagues on the Search Committee 
we all owe a large debt for the competent, sensitive, and thorough discharge 
of the task of soliciting applications and recommendations, of reviewing the 
enormous volume of correspondence generated by the seventy or more re¬ 
sponses received, of meeting with approximately a dozen persons interested 
in the position, and, finally, of recommending to the Society’s Executive 
Committee four very highly qualified persons, all members of Sigma Xi. The 
task of choosing from this group was made no easier by the realization that 
each one of the four, if selected, would have brought great strength to the 
leadership role of Executive Director, 

As Ian Jackson takes the mantle from Tom Holme, he is conscious, as we all 
are, of the critical importance of this position and of Sigma Xi’s role in science 
and society. Fortunately, during a brief transition period, Ian will have Tom’s 
valuable assistance, and for that we are most grateful. Some of the accumu¬ 
lated wisdom of more than twenty-seven years can be transferred. We can 
expect, too, that Ian’s experience and outlook will bring some changes, perhaps 
in program orientation, perhaps in procedure, 

Those of us on the Society’s Board of Directors who have come to know him 
are confident that, with Ian at the helm, Sigma Xi will continue the out¬ 
standing programs developed under Tom Holme and will confidently meet 
the changing requirements of the future. 
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Letters to the 
Editors 


Communication problems 

To the Editors: 

The November 1980 issue presents 
some intriguing juxtapositions: L. C. 
Baird suggests, in his letter to the 
Editors (Am. Sci. 68:602), that nom¬ 
inally normal adult subjects may find 
it difficult to interpret line drawings 
as representations of objects in depth; 
Harold Goodglass, in his article 
“Disorders of Naming Following 
Brain Injury” (Am. Sci. 68:647-55), 
makes a strong case for object-naming 
difficulties in some brain-lesioned 
patients, when the objects to be 
named are presented as pictures; 
John A. Ball comments on the po¬ 
tential problems we may expect in 


communicating with extraterrestrial 
intelligent cultures. 

A great deal of human communi¬ 
cation depends on the ability to ap¬ 
prehend information presented in 
pictures. Baird and Goodglass em¬ 
phasize that individuals differ sig¬ 
nificantly in the ability to utilize 
pictorial information, highlighting a 
rather profound lack of consensus on 
processes of pictorial perception. , 

A recent work on the subject, edit¬ 
ed by M. A. Hagen (The Perception 
of Pictures, Academic Press, 1980), 
provides a detailed overview of the 
categories of theoretical questions 
and empirical results on pictorial 
perception. It is worth pointing out 
that there is considerable disagree¬ 
ment on the extent to which pictorial 
perceptiomdepends on specific (cul¬ 
tural) experience, certainly a major 
source for human individual differ¬ 
ences. Another view is that pictorial 
perception is a human, species-spe¬ 
cific cognitive capacity, much as lan- 


Baird and Goodglass illustrate 
their cases with line drawings, the 
type of picture that occasions the 
greatest theoretical difficulty because 


f: 


the perception of drawings seem| 
most clearly to depend on culturi 
convention and experience. J, 1 
Kennedy has stressed that there i* 
relatively small set of environment 
features that can be depicted by lin 
(A Psychology of Pictorial Perce 
tion, Jossey-Bass, 1974). 

Other evidence (see my review 
Hagen) indicates that there may Ml 
phyletic restrictions on perception |J 
information in line drawings. Fu 
thermore, neurophysiological da 
have suggested separate structured 
and/or mechanisms for processifif 
solid-object and pictorial stimuli. 

The theoretical tension here i» ti 
human communication within f 
between cultures employs a great 
variety of line depictions, that Mi 
ability to apprehend informatiojl 
presented by means of line drawingjj 
may be restricted to the primate 1% 
eage, and that the cognitive founds 
tions of such competence are vr* 
incompletely known. 

Coming now to Ball’s contribute" " 
we face the probable hurdle of usL ^, 
distinctively human cognitive capA*| 
bilities to communicate with (Hill 
tinctively nonhuman entities. Fi 
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Tunable semiconductor lasers can now measure specific gases in 
automotive exhaust with 25 -millisecond response time. A successful 

„ . . , T‘ 1 '7*1 _ 


capabilities practical realities 


Electron microprobe analysis of a crystal-contact 
interface, indicating indium penetration into 
the PbSnTe crystal. 

Diagram of hypothetical indium diffusion paths 
for a three-layer contact structure ofAu-Pd-Au. 


±HE ACHIEVEMENT of long 
lifetime and frequency stability 
makes the lead-tin-telluride diode 
laser a practical infrared spectrom¬ 
eter. Earlier innovations brought to 
this laser the characteristics of in¬ 
creased power, higher temperature 
Operation, greater efficiency and 
wider tuning range. 

Operating in the 5- to 10-mi¬ 
cron range, the PbSnTe laser spec¬ 
trometer can resolve the time- 
dependent emission of carbon 
monoxide, sulfuric acid vapor, 
methane and other species of inter¬ 
est in automotive exhaust. This 
permits measurement of tran¬ 
sients in carbon monoxide to car¬ 
bon dioxide gas conversion in a 



catalytic converter. This capalnli! y 
represents a significant advance* 
over conventional spectroscopy in¬ 
strumentation. The laser is 
being tested by NASA for use in 
detecting the molecular species in¬ 
volved in chemical reactions in tie." 
stratosphere. 

New knowledge of the pr* tr¬ 
ess by which laser reliability is 
compromised has been re veal w I i 11 
fundamental studies conducted by 
Dr. Wayne Lo and his colleague * ;«t 
General Motors. Dr. Lo's invest i^a 
tions have demonstrated that las.-r 
lifetime and stability are limited by 
the development of excessive tdrr 
trical contact resistance, lie lt,i* 
been able to stop increases in i r 
sistance by devising a multilayer 
ohmic contact consisting i*f 
different metal films. This 
configuration has extended 
operating lifetime to more than 
1,000 hours and increased she!f -! ti r 
to an estimated 25 years. 

Slow degradation due u.< 
gradual increase in contact resist- 
ance was observed in idle last-i s 
stored at room temperature, f «ii 
not in lasers maintained at a max 
imum temperature of 77 K, desj nu- 
several hundred hours of emit mu 
ous operation. These results hu di¬ 
gested the temperature-depeiiflfiu 

process of diffusion. 

Degradation occurred v 
manly on the p-type side of i\ tv 
laser where the contact consist**t| 
of a thin layer of gold followed by H 


layer of indium. Electron micro- 
probe analyses revealed that in¬ 
dium, a semiconductor donor, was 
diffusing through the gold layer 
into the crystal, apparently causing 
a reduction in hole carrier concen¬ 
tration near the p-surface. 1 his 
effect was counteracted to a great 
degree by sandwiching a thin layer 
of platinum between the layers of 
indium and gold. Laser reliability 
reached a full year. 

When degradation was still 
observed, although to a reduced 
extent, Dr. Lo advanced the hypoth¬ 
esis that diffusion and transport 
were taking place along grain boun¬ 
daries in the polycrystallme con¬ 
tact layers. He proposed replacing 

the Pt-Au barrier with a three-layer 
structure, Since palladium him 
structures have fewer grain bound¬ 
aries than those of platinum, provid¬ 
ing fewer leakage paths for the in¬ 
dium, Pd was tested in place of Ft, 

l3lOI)E LASERS composedlof 
and fabricated with a 
variety of contacts were main¬ 
tained at 6()°C in order to acceler¬ 
ate aging, with periodic 
interruptions for testing. 1 he re¬ 
sults showed that a multilayer 
structure of In-Au-Pd-Au, in which 
the grain boundaries tend to .be 
misaligned, provides maximal re 
duction of indium penetration 
confirming Dr. Lbs hypothesis. 


The misaligned boundaries 
force diffusion to take place lat¬ 
erally, which slows transport into 
the crystal. The additional layer 
slows the process even further. 

Solving the contact, problem 
represents the culmination of 
efforts that began at General 
Motors with the development of an 
"ingot-nucleation” vapor, transport 

method for growing crystals. The 

resulting crystals-are of high pur¬ 
ity, with a dislocation density of less 
than 1000 cm: 2 Lasers made from 
these crystals incorporate a low 
temperature cadmium-diffused p-n 
junction. This process, invented by. 
Dr. Lo, increases the laser’s output 
to five milliwatts. , 

A tuning range of 500 cm- 
and pulsed operating temperatures 
of up to 140 K are achieved by a 
two-step annealing process. This 
technique induces a graded carrier 
concentration that increases infra¬ 
red light confinement in the laser 
structure, thus reducing losses and 
increasing output. 

"These innovations, says Ur. 
Lo, "combine to produce a laser 
that allows us to make measure¬ 
ments previously impossible. 



Dr. Wayne Lo is 
a Senior Re¬ 
search Scientist 
in the Physics 
Department at 
the General Motors Research La¬ 
boratories. . . 

Dr. Lo was born in Hupei, 
China. He did his undergraduate 

work at Cheng-Kung University m 

Taiwan. He received an M.S. from 
the University of Rhode Island and 
a Ph. D. in electrical engineering 
from Columbia University in 1972. 
His doctoral thesis concerned the 
characterization of deep-level 
states and carrier lifetimes m gal¬ 
lium arsenide light-emitting 
diodes. ■ , . 

Before undertaking gradu¬ 
ate studies, Dr, Lo was instrumen¬ 
tal in setting up the first American 

transistor production plant in 
Taiwan. In 1973, he joined General 
Motors, where he is currently in 
charge of semiconductor laser and 
spectroscopy research. 
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available at low cost to reconfigure the system. 
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this perspective, the “greeting cards” (See M. West, A. King, D. Eastzer, 
placed on Pioneer and Voyager “The Cowbird,” Am. Sci. 69:5646.) 
probes are cosmic whimsy, since our If picture-perceptual and other 
best guess, based on terrestrial cases, communicative abilities are common 
is that these depictions will be en- to a number of species, then, to the 
tirely meaningless to an extraterres- extent that a species of this world or 
trial intelligence. another has evolved under similar 

All of this argues, I think, for in- environmental and ecological con- 
creased attention to the discovery of ' straints, that species may be expected 
common features in perceptual-cog- to share those abilities. Obviously, we 
nitive capabilities among terrestrial have a great deal of homework to 
species and to the elucidation of the do. 
evolutionary or experiential bases for 
perceptual-cognitive competence in Patrick A. Cabe 
any species. In this sense, the current National Institute of 
interest in animal communication Environmental Health Sciences 
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Dr. Ball replies: 

From such an argument someone 
might conclude that we humans must 
be unaware of radio waves since we 
can’t see, hear, taste, smell, or feel 
them. The most likely eventual fate 
for the Pioneer and Voyager probes 
with their “cosmic whimsy” is that 
our descendants will fetch them back 
for a museum. But if an extraterres¬ 
trial civilization were to pick up these 
probes, I’ll bet they could figure out 
what we intended to say and a lot 
more. As an analogy, we have at least 
a rudimentary understanding of the 
honeybees’ waggle dance, and they 
aren’t even trying to talk to us. I 
agree, nevertheless, with the conclu¬ 
sions in Gabe’s final paragraph. 


Perception of positions 

To the Editors: 

I recently attended a seminar on 
utility issues where a distinguished 
professor, noted as a witness lor con¬ 
sumer-advocacy groups, presented a 
paper on consumer issues. One such 
issue was: Who will pay for Three 
Mile Island? He carefully took no 
position on this or any other isHUti. 

Despite the absence of a position by 
the speaker, commentators mi the 
dais and members of the audience 
attributed a consumer-advocacy po¬ 
sition to the presentation. Though 
attribution seemed unanimous, the 
intensity varied with the position of 
the listener. I initially thought the 
speaker had used buzz words that had 
implied a position, but on review 1 
found none. The next day i read 
“Perceptions of Issue Positions of 
Presidential Candidates,” by Donald 
Granberg and Edward Brent (Am, 
Sci. 68:617-25, November 19HU), and 
began to understand the misatt r ibie 
tions of the preceding day. 

While Granberg and Brent present 
data that are stratified by support of 
a candidate, my observations ranged 
across intensity of support (or oppo¬ 
sition) for groups associated wit h the 
speaker. Accordingly, rather than 
observing the monotonic functions 
presented in the article, I noticed a 
concave function. Both pimple 
strongly supporting and pimple 
strongly opposing consumer groups 
strongly attributed a pro-itmuumer 
position to the presentation; M t Migr¬ 
ates realized that the speaker had 
taken no position. 

Mark B. Lively 

Ernst & Whinney, Washington pC 
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Sigma Xi News 



New Executive Director 
appointed 

C. Ian Jackson has been named as the 
next Executive Director of Sigma Xi. He 
will take office on 1 July 1981, upon the 
retirement of Thomas T. Holme, who has 
served the Society for more than twenty- 
seven years. 

Dr. Jackson is currently a member of the 
United Nations Secretariat in New York, 
where he is helping to prepare for the 
United Nations Conference on New and 
Renewable Sources of Energy, which will 
take place in Nairobi, Kenya, later this 
year. Prior to this assignment, he was in 
Geneva, Switzerland, as a member of the 
Environment and Human Settlements Di¬ 
vision of the Economic Commission for 
Europe. 

The new Director was chosen from a 
highly qualified group of more than sev¬ 
enty applicants. The selection process 
was assisted by a seven-member Search 
Committee, chaired by Caryl P. Haskins. 
The appointment of Dr. Jackson has 
been unanimously approved by the Board 
of Directors on the recommendation of 
the Executive Committee. 

Announcing the appointment, President 
Herbert E. Longenecker said, "Dr. Jack- 
son will carry on the tradition of service 
and sensitivity to the changing needs of 
the scientific community that the Society 
has enjoyed under Dr, Holme’s leader¬ 
ship. His broad international experience 
Is an invaluable asset for Sigma Xi’s role 
in the encouragement of scientific coop¬ 
eration and the understanding of 
. science.” 

Dr. Jackson’s professional career has 
encompassed university teaching and re¬ 
search, government service, and work in 


international affairs. After receiving a 
B.A. from the London School of Econom¬ 
ics, he undertook graduate study in cli¬ 
matology at McGill University, where he 
was elected to Sigma Xi in 1958. He was 
selected as one of four wintering mem¬ 
bers of the Canadian International Geo¬ 
physical Year Expedition to Lake Hazen, 
Ellesmere Island, Northwest Territories, 
where he spent the year from August 
1957 to July 1958. The meteorological 


the basis for Dr. Jackson's doctoral the¬ 



sis. He received his Ph.D. degree from 
McGill in 1961. 

Appointed to the faculty at the London 
School of Economics in 1959, Dr, Jack- 
son concentrated on meteorology and 
climatology in his early teaching and re¬ 
search. Gradually his interests shifted to 
the social, economic, and environmental 
aspects of resource management. Partic¬ 
ularly interested in water supply and 
management, he was appointed consul¬ 
tant to the United Nations Economic 
Commission for Europe during the incep¬ 
tion of what is now the Committee on 
Water Problems. 

He received the Darton Prize of the Royal 
Meteorological Society (with G. C. Terry) 
for a case study of irrigation in eastern 
England, and the Evan Durbin Prize of the 
Institute of Economic Affairs (with P. A. 


Bird) for a study of the economics of 
water pricing in Britain. 

In 1969, Dr, Jackson returned to Canada 
to head a research group in the Depart¬ 
ment of Energy, Mines and Resources in 
Ottawa. In addition to initiating and di¬ 
recting numerous research and policy 
studies on water and other resources, he 
was involved with preparations for the 
United Nations Conference on the Human 
Environment, held in Stockholm in 1972, 
This work led to his appointment as Chief 
of the United Nations Affairs Division of 
the newly created Department of the Kn* 
vironment in Ottawa. 

Dr. Jackson took a leading role in prepa¬ 
rations for Canada's participation in the 
United Nations Conference on Human 
Settlements (Habitat), held in Vancouver 
in 1976. Early in 1976 he spent three 
months in Milan, Italy, working to tester 
international cooperative activities 
among municipal governments, also in 
preparation for the Habitat Conference. 

Dr. Jackson is married to Margaret Stef- 
rie, a professor in the University of i on- 
don. They have an elght-year-oid rtaiKjh- 
ter, Clare, 

In talking about his appointment, Dr. 
Jackson said, “As my research imprests 
and responsibilities have changed over 
the years, I have valued even mores highly 
my membership in Sigma Xi, bocmiso el 
its interdisciplinary commitment that is 
so well demonstrated in American Sc'm- 
tist. Practically all scientists must *©«l 
the need to try to understand what in hap¬ 
pening in branches of science otfwr than 
their own, and to give some thought to 
how new discoveries will affect \fm world 
we live In. This seems to me to tm one ol 
Sigma Xi’s main tasks and, as Anwrkm 
Scientist regularly proves, it is oeconv 
pushed more easily with a touch of 
humor.” 
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Request for Procter Prize? 
nominations 

On the evening of 17 October 1981, at 
St. Louis, Missouri, Sigma XI wilt prasenl, 
for the 32nd time, its highest awitrcj, the 
Procter Prize. This award, first presented 
In 1950 In memory of Dr. William Proc¬ 
ter, is given annually to a sciential or en¬ 
gineer In recognition of notable accom¬ 
plishments in research or administration 
of research. 

Continued on p, \42 
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Continued from p. 140 

Two major changes in this award have 
been effected during the past year: one 
in the prize itself, commencing with the 
1980 award, and the other, a Bylaw 
amendment creating the Committee on 
Awards as a Standing Committee of the 
Society which will henceforth be respon¬ 
sible for administering the Procter Prize. 

From its inception in 1949, as an award 
by RESA, Sigma Xi’s sister society, 


through the presentation in 1979, the 
award consisted of a certificate and a 
check for $1,000. With the 1980 Procter 
Prize to Dr. Herbert A. Simon, the award 
was increased to $2,000 and, in addition, 
under provision of the award the recipi¬ 
ent was able to designate for a $2,000 
Grant-In-Aid of Research someone who 
had just entered or was about to enter 
the field represented by the person re¬ 
ceiving the Procter Prize. As previously 
announced, Dr. Simon chose to give this 
special grant to Dr. Karl Anders Ericsson, 
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of the Department of Psychology at the 
University of Colorado, who is working 
on mnemonic devices for aiding short- 


Subsequent to the 1980 Annual 
the Board of Directors approved amend¬ 
ing the Bylaws by adding a provision tor a 
Standing Committee on Awards (Bytaw 
III, Section 5C (II)]. Following a period of 
sixty days for review of this action by the 
chapters and clubs, the new Bylaw be¬ 
came effective as of 1 January 1981 and 
is here quoted in its entirety: 

Committee on Awards. The Committee 
on Awards shall consist of a Chairman 
appointed annually by the President from 
among the five Dlrectors-at-Largo not 
serving on the Executive Committee, the 
remaining four of these Dlrectors-at- 
Large and the General Chairman of 
Annual Meeting at which the awards) 
concerned shall be made. It shall be 
duty of this committee to recommit its 
the Board of Directors recipients el 
awards other than Grants-tn-Aid of Re¬ 
search, to be made by the Society 

[ 

In accordance with this new Bylaw, ttwj j 
following members of the CommilHte on L 
Awards have been appointed: 

John W. Prados 
J. Forbes McClellan 
Ronald E. Stecker 
Patricia Failia 
J. Stallard Waterhouse 
Harvey Bender, Chairman 

The Committee invites nominations, from 
members of the Society, as well m trm 
chapters and clubs. It Is requestor! itvsl 
each nomination be supported by mttiflrl* 
al that will fully characterize the 
al and delineate the achievements that 
merit this high recognition. Tho Cbftwmft- 
tee will be particularly interest#?! in r#. 
ceiving information that wlil that 

the nominee “has conducted Ofigimil re¬ 
search sufficiently significant to htsvis re¬ 
ceived peer group recognition imet tm 
demonstrated ability to that 

research outside of his or her dtociftflM 
or to the public." 

Nominations should be address#** u* the 
Committee on Awards at the Society’§ 
Headquarters, 345 Whitney New 

Haven, CT 06511, and marked for the at¬ 
tention of the Chairman, Dr. Harvoy 
Bender. 
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built their fortunes through a privately owned tax deductions^ ^ presiden , 

corporation. Therefore, a successful, pn- tf you have an office at He wrote the book Him To Form h w 

vately owned corporation represents the best rent to yourself g ‘ Q m Corporation Without A lumber f or l n- 
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FOR TODAY'S FACULTY AND COLLEGE STAFF MEMBERS* FROM 18 TO 80. 

Whether you're thinking retirement 
or not,review the plan that provides 
for cash withdrawal and/ora lifetime 
income. 


TIAA-CREF Supplemental Retirement Annuities 
(SRAs) offer you substantial flexibility including cash 
withdrawal and/or lifetime retirement income. You 
can even reduce your income taxes now! 

You can begin contributions to an SRA at any age 
and begin benefits at any age up to age 71 unless you 
ar6 still employed (then you can delay beginning 
benefits until age 80), For example, you could start 
contributions at age 25, and choose to begin benefits 
or withdraw cash at age 34,40 or 50, regardless of 
your employment status. 


Full information, 

Complete and mail the coupon for an SRA Information 
Kit today. You'll get full details about all the advan¬ 
tages SRAs have to offer, why this plan suits so many 
financial situations and age groups and how much 
you may contribute to the plan. 

TIAA-CREF provides annuities and other services for employees of 
colleges, universities/private schools and certain other nonprofit 
tax-exempt educational and research institutions. 

HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE 
...SEND FOR A FREE INFORMATION KJT. 


Get your money at any time. 

You can receive benefits as a lifetime income or over a 
fixed period of from 2 to 10 years. What's more, if you 
need it (even while employed by your current 
employer), you can withdraw all the money you have 
accumulated by surrendering your contracts. Or, you 
can withdraw $1,000 or more every six months. There 
is never a cash surrender charge, 

Contributions are tax-deferred, 
so you pay less income taxes now. 

The federal income tax on your contributions is 
deferred until they are paid to you as benefits. So, you 
pay less tax now, 

Changing employers? Take SRAs with you. 

Since you own your Supplemental Retirement Annui¬ 
ties, you take them with you if you leave your current 
employer, You can make contributions through any 
institution that makes Supplemental Retirement 
Annuities available to staff members, Contributions 
can be as little as $25 a month, 
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Teachers Insurance and 
Annuity Association of 
America—College Retirennent 
Equities Fund 
730 Third Avenue 
New York, N .Y, 10017 V . . 


Please send me full details "t-P 1 f | rv A- . ‘ 
about TIAA-CREF Supplemen- 
tal Retirement Annuities, the 

flexible tax-deferred annuity plan that offers the opportunity to accumu¬ 
late funds for additional retirement income and the option for cash 
withdrawal. 1 
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well as drawing attachments. 


Cost-efficient versatility 

With a 5-step magnification changer 
and a choice of 17 objectives, plus 
the many transmitted and reflected- 
iight illuminators for all microscope 
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and polarized light, Stereo SR is a 
bargain of versatility, Different stands, 
stages, and drawing attachments 
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In Search of China’s Beginnings: 
New Light on an Old Civilization 

A Golden Age of archaeology is piecing toother a 
new Chinese prehistory and history that differ in 
fundamental ways from the traditional story 


Chinese civilization is not only the 
most voluminous in the world, as Al¬ 
fred North Whitehead has observed 
I; 1948), it is also the most thoroughly 
recorded. The late Arthur Wright of 
Yale University once pointed out 
(1963) that "no people on earth pos¬ 
sess so voluminous a record of their 
past as the Chinese.... To translate 
the twenty-five standard histories 
would require forty-five million En¬ 
glish words, and this would represent 
only a minute fraction of the total 
record” (p. 37). 

The sum of traditional recorded his¬ 
tory itself is, however, only a minute 
fraction of the total record—only the 
tip of the iceberg—if that record is 
made to include archaeological relics. 
In the Chinese scheme of things, ar¬ 
chaeology is a part of the discipline of 
history. The more than a dozen uni¬ 
versities that offer degrees in ar¬ 
chaeology in China today place such 
programs within their history de¬ 
partments, and new archaeological 
data are routinely added to the suc¬ 
cessive editions of several major 


pear. 


But the contribution of archaeology 


Kwang-ehih Chang is Professor of Anthro- 
pology at Harvard University, A graduate of 
National Taiwan University, he received his 
mduate degree at Harvard and taught at 
> ate University for many years, A specialist 
[ n \ hinm archaeology and ancient history 
he has conducted field research projects in 

Tmwnn nnd U _n _l .. \ I 


to Chinese history is more than 
merely supplementary. Archaeology 
brings to history the kind of infor¬ 
mation that is unavailable through 
texts and thus opens up new vistas 
onto past life and society, extending 
history beyond the narrow confines of 
the written record in both space and 
time. Whereas textual history con¬ 
centrates on political events and the 
individuals who figured in them, ar- 


handicrafts, and art objects whose 
artisans were often nameless. Those 
who inhabit the written texts are 


emperors, princes, ministers, gener¬ 
als, rich merchants, and the like; by 
contrast, archaeology uncovers relics 
left by the common people as well as 
by the powerful. Thus archaeology 
gives us a picture of the past more 
complete and more objective than 
that usually furnished by textual 
history. 

Some of archaeology’s contributions 
are almost as old as Chinese civiliza¬ 
tion itself. Cultural relics are in fact 
an integral part of the Chinese land¬ 
scape^ and the Chinese people have 
traditionally acquired a large part of 
their historical education from the 
presence of these objects in their daily 
lives. This was particularly true in the 
case of commoners, who were often 
illiterate and had no access to the 


came into contact with episodes of 
history—especially those containing 


projects in 

iwwan and is now collaborating with the 
Lhmse Academy of Sciences in Peking in . 
poieoanthropological research, Address: De- learned there, 

OartmentofAnfhfnnnLn,. 


through the theater and oral litera¬ 
ture, and the cultural relics often 
ey 


land—ancient architecture such as 
town walls, palaces, and temples; 
burial mounds of emperors and other 
dignitaries; monasteries, temples, und 
shrines dedicated to ancient sagat 
and heroes, Taoist deities, and Bud* 
dhist idols (including the famous cave 
temples with their stone sculptures 
and wall paintings); pagodas and 
stupas standing alone or in temple 
complexes; and inscribed steles 
commemorating events or incorpo¬ 
rated in tomb structures—-survive 
from the beginning of written history, 
although many have undergone cycles 
of destruction and restoration 
through the centuries. There are 
perhaps thousands or tens of thou¬ 
sands of such relics of note through¬ 
out the country, and if they were to lie 
put in a chronological sequence they 
would provide a graphic illustration 
of Chinese history. 

The study of ancient relics by Con*, 
fucian gentlemen to elucidate fine 
points of scholarship was also a part 
of traditional Chinese learning, hut 
such study centered mainly on in. 
scriptions cast on ancient brnn«e 
vessels or carved on stone steles* 
Hence the expression for antiquari- 
anism in Chinese, jinshi xue, com. 


u nnM J, . . ^ss.rwway Museum, 

These relics on the face 


of the 


Figure 1 . The recent excavation ofthe mmi 
hum of the First Emperor of the Qin Dyn« 
atLintong, Shaanxi Province, is part of an 
tensive effort now underway to recover Chh 
past, Thieview of pit No. 1 shows a portio* 
the more han seven thousand terra-cotta * 
diers and horses discovered at the site. HhVi 
larger than life size, the soldiers are armn, 
m precise mditery formations and are droj 
n detailed uniforms indicating a wide ran*. 
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bines the three elements of bronze 
(jin), stone I shi), and study ixueh 
Studies of this nature began quite 
early in Chinese history, perhaps as 
soon as inscribed bronzes and steles 
began to he produced, reaching their 
height in the Northern Song Dynasty 
(A.D. 960-1127), as symbolized by the 
compilation in 1092 of the Kaogutu, 
the first extant catalogue of ancient 
bronzes, and by the imperial court’s 
establishment of a Bei Lin, or Forest 
of Steles, in the present city of Xi’an 
at about the same time. 

Such traditional forms of interest in 
archaeological relics failed, however, 
to extend Chinese history beyond the 
confines of the written record. As we 
have explained, the ancient relics 
spread over the Chinese landscape 
served to bring the Chinese people 
into visual contact with their recorded 
pst, whereas jinshi xue was a very 
specialized branch of Chinese histo¬ 
riography concerned with inscriptions 
on objects rather than on paper. But 
a qualitative transformation of Chi¬ 
nese historiography had to wait until 
the introduction of modern ar¬ 
chaeology into China in the early 
decades of the present century. 

The year 1920 may be said to mark 
this crucial event, for in that year the 
first Old Stone Age and New Stone 
Age sites were discovered (Chang 
1977a). The discoveries at Zhoukou- 
dian led to the excavation at the Pe¬ 
king Man cave, with its important 
findings (see e.g. Shapiro 1975), and 
the New Stone Age site at the village 
of Yangshao became the first of a se¬ 
ries of sites characterized by polished 
stent implements and black-on-red 
painted pottery, giving rise to the 
designation of Yangshao Culture 
(Andersson 1943). These cultures 
were all prehistoric and thus consti- 
: luted new, antecedent chapters to the 
known history of China based on 
written records, (For a general chro¬ 
nology see Table!.) 

The year 1928 saw the beginning of 
gentile, large-scale excavations at 
f the ruins of the last capital of 
the legendary-historical Shang Dy¬ 
nasty—the second of the Three 
Dynasties that initiated the long 
tetery of dynastic China-near the 

city of Anyang in Henan. The rich 

sometimes spectacular finds in 

Anvar® -ls., . 


Table 1. Chronology of Chinese cultural 

periods 


Early Empires 


Han 

206 b.C.-a.d. 220 

Qin 

221-207 B.C, 

Three Dynasties (beginning of historic period) 

Zhou 


Eastern Zhou 

c. 770-221 B.C. 

Western Zhou 

c. 1100-771 B.c. 

Shang 

c. 1750-1100 B.C. 

Xia 

c. 2200-1750 B.c. 

New Stone Age 

c. 10,000- 

(Neolithic Age) 

2000 B.C. 

Yangshao Culture ) 

1 

Dawenkou Culture 

1 

Qingliangang Culture ( 

forchrono- 

Cishan, Peiligang, \ 

i logical order of 

and Laoguantai [ 

these cultures 

cultures | 

i see Fig. 5 

Hemudu Culture 

| 

Longshan Culture / 


Old Stone Age 

before c. 

(Paleolithic Age) 

10,000 B.c. 




nature of the 


Figure 2, These burins, scrapers, and points, 
excavated in 1972-74 atHutouliang, in north¬ 
western Hebei Province, were fashioned by 
hunters who occupied the site toward the end 
of the Paleolithic period. One of the most 
thoroughly explored Early Man sites in China, 
Hutouliang exhibits features of the Zhoukou¬ 
dian-Zhiyu tradition. The tool at the upper 
right-hand corner is actual size; all others are 
half size. The arrows represent the direction of 
the blows that formed the edge of the tool; the 
dotted line indicates two facets of the artifact, 
(from Gai and Wei 1977.) 


link it with the long prehistoric | * 

(Li 1977). 

These were all impressive beginnings 
but soon wars intervened, first 
Sino-Japanese War of 1937-45 ami 
then the Chinese civil war that Uni 
the establishment of the People s 
Republic in 1949. That year not only 
saw the resumption of archaeological 
work in that country; as I have ob¬ 
served elsewhere (1977b), it ushered 
in a Golden Age of Chinese ar¬ 
chaeology: 

The second half of the twentieth ecninr 
may be remembered by Chinese -'ar¬ 
chaeologists as the Golden Age of the:? 
discipline. A unique combination of fac¬ 
tors and circumstances has produced, ar - i 
will probably continue to produce U>* •* 
time, enormous amounts of new mulemd 
for the study of Chinese prehistory and 
history. These factors and circum.stmn < • 
include a deep-rooted interest of tb*. 
Chinese people in their past, not only iW 
its own sake but also for guidance, les¬ 

son; the introduction, in the first half 
the century, of Western archaeologiud 
science; systematic, large-scale, and sus¬ 
tained, national projects to const im* 
roads, canals, reservoirs, and buildinr 
throughout China; and a conscious 
conscientious effort to include archaeol¬ 
ogy as an important part of the political 
education of the people. This sudd* 
flood of new data—most hitherto un¬ 
known, and many unexpected and 
Unimaginable—provides unprecedented 
opportunities for gaining new and mm h 
richer knowledge of China’s past. China 
scholars will be busy coping with till? ne w 
materials for decades to come [p. (>2H|, 

The vast expansion of data dertvnd 
from archaeology has already resulted 
in a new Chinese history and prehis ¬ 
tory that is in many ways fund a imm - 
tally different from the traditional 
story of Chinese civilization, 1 will 
now briefly outline this new history its 
it is seen in the beginning of the 
1980s, 


Paleolithic cultures 

For the earliest—and longest—s 
ment of human history in China, fr 
man’s emergence out of a subhim 
ancestor several million years 
just before the beginning of the 
tensive use of agriculture about 1 
thousand years ago, Chinese 
chaeology is essentially still in an j 
of discoveries. Our knowledge m 
tended every time a new fossil u 
new Paleolithic site is brought 



Figure S, Recent Archaeological investigations sites in the north, assigned by radiocarbon filth millennium ]).(!. the Yangshao, Dawonk- 

liiivi* clarified the nature and approximate dating to the late sixth millennium H.c„ are ou, and ()ingliangang cultures appeared, jol- 

nnw of diatribution (color) of major Neolithic known as the Cishnn, Peiligang, and Lao- lowed in the fourth millennium by tluj Qujial- 

oultures in China. Cultures shown as overlap- guantai cultures, In the south, where explora- ing, Daxi, and Lianphu cultures. Common 

ping in urea Itelong to different periods of time lion is still in an early stage, the early Neolithic features suggest that these cultures constituted 

Iav Fig. 5). Three clusters of early Neolithic is represented by the Hemudu Culture. In the a single sphere of interaction. 


light, but a coherent and systematic self, they are able to recognize at least and interesting hypothesis, but it can 
interpretation of the history, life, and two parallel regional industrial tra- be substantiated only by massive fu- 
society of the fossil men and the ditions that persisted throughout the ture research incorporating the con* 
Paleolithic hunters-fishers-gatherers Pleistocene period, One, the Kehe- tribute of many scientific disci- 
in China is not yet at hand, Dingcun Tradition of Shanxi, is plines. 

characterized by large flakes, large 

Of significant discoveries there have prismatic picks, and stone balls. The An interdisciplinary research project 
boon quite a few (see IVPP 1980; other, the Zhoukoudian-Zhiyu Tra- has already been launched at Locality 
Chang 1977c; Jia 1980), Paleolithic dition of Peking and northern Shanxi, 1 in Zhoukoudian, the home of the 
assemblages from both North and features a greater variety of more Peking man, A long, narrow cave, 
.South China may now be classified as complex tool types, including small approximately 140 X 40 m with its 
belonging to Lower, Middle, and implements and raicroliths, They longer axis from east to west, Locality 
Upper Paleolithic stages, indicating believe, moreover, that the Kehe- 1 underwent extensive excavations 
a developmental sequence of lithic Dingcun Tradition was primarily the before World War II; however, only 
technology not unlike that long since creature of a subsistence system about a third of its 50 m-deep depos- 
worked out from evidence in the dominated by plant gathering, its—the middle portion of the 
western parts of the Old World. whereas the Zhoukoudian-Zhiyu cave-was emptied at that time, New 
Tradition was based on hunting, excavations took place intermittently 
Jia Lanpo and his colleagues at the Predisposition to these different after 1949, but the diggings were 
Institute of Vertebrate Paleontology adaptive systems, in their view, ac- small in scale, In November 1978 a 
and Paleoanthropology of the Chi- counts for the separate origins of four-year project was initiated, to be 
nese Academy of Sciences are con- farming and herding in the northern carried out by the Institute of Verte- 
vinced that within North China it- Chinese area. This is certainly a novel brate Paleontology and Paleoan- 
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thropology under the direction of 
Woo Jukang, a paleoanthropologist, 
with the collaboration of no fewer 


cializing in disciplines ranging from 


and palynology. Results of the first 
year’s work, including detailed re¬ 
constructions of the history of the 
cave and absolute chronological 
studies based on paleomagnetic, 
uranium-series, fission-track, ther¬ 
moluminescence, and radiocarbon 
dating methods, will soon appear, A 
large number of animal fossils and 


though no human fossils have yet 


Earliest farmers 

By the late Paleolithic period, human 
cultures in China were characterized 
by a complex and diversified lithic 


ing efficient use of the rich animal 
and plant resources through special¬ 
ized tool-kits (Fig, 2), Botanists have 
long taken note of the indigenous 
nature of the Chinese food plants; 
Vavilov (1949/51) went so far as to 
pronounce China “the earliest and 
largest independent center of the 
world’s agriculture and of the origin 
of cultivated plants” (p. 21). Chinese 
archaeology, however, has lagged far 
behind that of the Near East and 
nuclear America in documenting the 
history of the agricultural way of life 
with empirical data. For some fifty 
years the earliest Neolithic culture 
found in China remained the Yang¬ 
shao, a culture of millet farmers who 
made use of red pottery with painted 
decorative designs. Before the advent 
of carbon-14 chronology in China, the 
Yangshao Culture had been placed in 
the third millennium B.C. The period 


late Paleolithic cultures—had been 
an archaeological lacuna, which nat¬ 
urally had led scholars to speculate 
that perhaps farming had been in¬ 
troduced into China from an earlier 
center somewhere else, possibly in the 
Near East. 

During the last decade this seven- 
millennia gap has been narrowed 
considerably. On the one hand, ra¬ 
diocarbon dating of the Yangshao 
Culture now places its beginnings in 
the neighborhood of 5000 B.c. On the 
other hand, a number of important 


new finds in both North and South 
China are disclosing a new stage of 
culture that existed between the 
Yangshao Culture and the late 
Paleolithic cultures (An 1979/80). It 
is likely that studies of these cultures 
in the next few years will further fill 
the gap, revealing a continuous se¬ 
quence of development from hun- 
ters-fishers-gatherers to advanced 
village farmers. 

Three clusters of early Neolithic sites 
now appear in North China (Fig, 3). 
The first, consisting of only two sites, 
is typified by a site at Cishan, in 
southern Hebei, assigned by radio¬ 
carbon dating to the late sixth mil¬ 
lennium B.C. The second cluster, in¬ 
cluding some two dozen sites thus far 
in central Henan, south of the Yellow 
River, is typified by the site at Peili- 
gang and is also carbon-dated to the 
late sixth millennium B.C. The third 
cluster, comprising a large number of 
sites in the Weishui valley of Shaanxi 
and in the adjacent northwestern 
Henan area, is typified by the site at 
Laoguantai and is carbon-dated to 
the late sixth millennium B.C. 

All of these sites are characterized by 



Figure 5. A chronological chart illustrates the 
distribution of major Neolithic and early his¬ 
toric cultures in China over six millennia. The 
dates were determined by radiocarbon dating 
of selected samples, identified here by the code 
to the right of the vertical lines (see Chang 
1977a and Kaogu and Wenwu 1978-80). 
Dashed curves indicate subphases within the 
Yangshao Culture. All dates have been cali¬ 
brated according to Damon et al. 1974. 



Figure 4. Hemudu, the single early Neolithic 
site now known in South China, has yielded 
rich evidence of an advanced culture, The 
finely carved ivory objects shown in this sketch 
were among the many artifacts recovered in 
excavations in 1973-74 and 1977-78. (From 
Wenwu 1980.) 


(Laoguantai) group feature cord 
marks. At the Cishan and Peiligang 
sites', where large-scale excavations 
have been undertaken and prelimi¬ 
nary reports are available, semisub¬ 


in North China. The presence of bone 
implements, stone and bone hunting 
and fishing gear, and the bones of 


lars of the ancient civilization of 
North China, are now established as 
dating at least from the sixth millen¬ 
nium B.c,, almost in sight of the very 


'•I 


coarse red pottery; pots, bowls, and I 
tripods are common forms, but the ■ 
products of the eastern (Cishan- 
Peiligang) groups more frequently 
display incised and rocker-stamped 


storage pits and in some pots were 
found carbonized grains of millet, 
probably those of the foxtail millet, 
Setaria italica. Large numbers of L 
grinding stones, stone sickles, and / 
saddle-shaped querns are further | 
use of cere 


importance of hunting and fishing, { 
but there is little question that millet I 


In South China the early Neolithic is 
represented by a single site, Hemudu, . 
in northern Zhejiang Province, but j 
the site is so rich and its culture so S 
advanced that it seems clear that I 
farming is almost as early in the lower . 

Yangtze valley as in the Yellow River i 
valley. Discovered in 1973, Hemudu / 
was excavated in 1973-74 and f 
1977-78, disclosing four cultural 
strata that belong to a single culture 
datable by radiocarbon tests to the 
late sixth and early fifth millennia ; 
B.c. The remains are those of a village 
built on wooden piles along the shore I 
of a small lake. More than a thousand ; 



pieces of timber have been found, Many stone, wooden, and clay arti- rice (Oryza sativa) bottle gourd 

manv exhibiting mortices and tenons, facts were recovered; among these, (Legenana sicerarm), acorns, water 

The floors were probably slightly less the bone hoes, wooden shuttles for chestnut (Trapa sp.), and sour jujube 
than a meter above the ground, and weaving, bone and ivory carvings (Fig. indicate an advanced level of farming, 
cultural remains were found mainly 4), and coarse black pottery with in- Among the remains of domestic am- 

in the rubbish deposits beneath cised and cord-impressed designs are mals are water buffalo (Bubalus bu- 

, j iem particularly outstanding. Remains of balis ), dog, and pig. Bones of a large 




1981 March-April 153 


152 American Scientist, Volume 69 




number of wild animals—monkey, 
sheep, deer, water deer, rhinoceros, 
elephant, tiger, bear, fowl, turtles, and 
fishes—and remains of shellfish tes- 


tion as geographically vast as the 
Chinese cannot have a simple origin; 
the process of its formation can be 
understood only on the basis of mas- 


t ifV that hunting and fishing were still sive archaeological data from the 
important activities (Anonymous whole period over which the civihza- 
1977 ) tion was being formed and from the 

whole area in which all of its compo- 
The cord-impressed and incised nents and strains occurred. During 
pottery of Hemudu is reminiscent of the last thirty years Neolithic ar- 
the cord-marked pottery found in a chaeology has begun to assemble 
large number of archaeological sites sufficient data from this period and 
scattered throughout the southeast- this area to provide us with a funda- 
ern coastal area of China and identi- mental understanding of this forma- 

fied in the 1960s with the excavation tive process, and radiocarbon chro- 
of the Dapenkeng Culture in Taiwan nology is beginning to help us con- 
(Chang 1969). Root and tuber agri- struct a framework in which to place 
culture has been hypothesized for the these data (Fig. 5). 

Dapenkeng Culture, but archaeolog¬ 
ical finds proving this indisputably During the fifth millennium B.C., at 
are still lacking. It appears likely that least three cultures—Yangshao, 
these sites on the southeast coast Dawenkou, and Qingliangang—are 
represent the cultural substratum known in China on the basis of ex- 
from which the Hemudu Culture de- cellent archaeological data. Com- 
rived. At present Hemudu provides pared with the cultures in the pre- 
the earliest archaeological evidence of ceding millennia they shared an in- 
domesticated rice, but evidently the creasing number of similarities, and 
history of rice extends back beyond their similarities became even more 
the late sixth millennium B.C. We pronounced in the fourth millennium, 
need some good sites in South China, when a number of “Longshanoid” 
antedating Hemudu, that have rice, cultures—Liangzhu, Qujialing, and 
Since the archaeological exploration Daxi, as well as Dawenkou and 
of South China is just beginning, the Qingliangang—sprang up in various 
outlook for such a discovery as well as parts of China (see Fig. 2). (I coined 
for other new finds is bright. the word “Longshanoid,” or “Lung- 


tor other new finds is bright. the word “Longshanoid,” or “Lung- 

rp, . , shanoid,” in 1959 to refer to a number 

1 tie Chinese interaction of cultures characterized primarily by 
Sphere ceramic types first recognized in the 

-. , . , , Longshan Cultures of North 

If during the period from 10,000 to China.) 

5000 B.C., when the earliest farmers 

eraeipd in the land area now known The earliest found of all the Chinese 
as China, there were two or three Neolithic cultures, the Yangshao 
aparatecidtaral centers, after 50 00 Culture is also the best known. 
B.C. the cultures in these separate Characterized by painted red pottery, 
ante must have spread out and millet farming, husbandry of dog and 
£?£» t T, 6 0t .l Very “^wattle-and-daub houses built 
hDk6dtoeethenn on semisubterranean floors, this cul- 
SiSr!TT“ g ?“ reCog - ture is by radiocarbon tests to 
Tl“ l n',° fln o' aCtl f ° f a PP rox imately 5000-3000 B.C., and 
a snigle cultmal tradibon. Since these was distributed in the river vallevs 
cul urea contabute to the formation and basins of 11.S2 


of the historical Chinese civilization, 
it is reasonable to refer to this pre- 
historic sphere of interaction as 
“Chinese.” , 

In recent years there have been a 


and basins of the western highlands 
of North China in the modern prov¬ 
inces of Shanxi, Shaanxi, Gansu, 
Qinghai, western Henan, and western 
Hebei. There is little question that 
the Yangshao Culture descended from 
the early Neolithic cultures of North 


SL^Xetigin 3 ' £ a “ab„ve,ande;ecSly 
Pta (Chang mg). But “St t G “ U and 


IM Amwiaro S 


; The Dawenkou Culture was 
; to Shandong and adjacent regiim* *« 
s northern Jiangsu and eastern 

Largely contemporary with *•**' 
t Yangshao Culture to the west, it ih 
characterized above all by a pot.N'*y 
assemblage distinctive lor its diver¬ 
sity and for such types as flat-bn^d 
water jar, tripod, cup, bowl on 1 #"^’ 
estal, and water pitcher. Most id 
pottery is plain, although Hoiiif 
painted. Pig and dog bones have 
found widely, but no remains of 
have yet come to light. A character 
istic cutting implement made of tb‘" 
canines of boar and water deer t'otiW 
have been used for harvesting evrttf 
ears, and the especially rich 14 nm 
furnishings suggest a highly ad vim* *-4 
agriculture. A newly found Ifcigin 
phase in central Shandong is show n t So 
antedate the Dawenkou Culture 1 ;«td 
could serve as a link between it mol 
the earlier Neolithic culture of ihfe 
Cishan and Peiligang groups. A* tW 
the sequel to the Dawenkou Oult**r#% 
it is generally agreed that it waw re¬ 
placed by the Longshan Culture *4- 
Shandong. 

The Qingliangang Culture is similar 
in many ways to the Dawenkou t*«l 
ture, with which it is also largi-Iv 
contemporary. Found in the low or 
Yangtze valley of southern Jiang*m is 
is known to have been a culture m* 
growers of rice. It could be a soutlu-ra 
extension of the Dawenkou ChilMtr* 
into which rice cultivation wa* in- 
troduced from the Hemudu Culture 
or, alternatively, a descendant of 1 h«* 
Hemudu Culture that had lm«-« 
heavily influenced by Dawenkou. 

Later Neolithic cultures 

In addition to the Yang slum, 
Dawenkou, and Qingliangang 
tures, a number of other more or !*-:%.* 
contemporary or overlapping 
lithic cultures are now being indicate! 
by important archaeological iintU 
dating from the fourth millennium 
B.C. These cultures, not as yet m 
clearly definable because of sennw 
data, include the Qujialing Culture *4 
the central Yangtze valley in 
and Hunan; the Daxi Culture of ih,. 
central Yangtze valley in wester., 
Hubei and eastern Sichuan; anrl il„- 

Liangzhu Culture of Zhejiang. All „te 

cultures of rice growers, who 
shown to make and use a ceramic »* 
semblage characterized by 8ur ,l 
painted pottery and by forma aU td, ^ 


tripods and howls on high pedestals 
with perforated decorative designs. 
Other cultures similar to and more or 
less contemporary with these have 
also been found, but details are as yet 
inadequate to allow us to classify and 
categorize them with confidence. All 
these cultures were largely confined 
to the monsoon area of eastern and 
southern China, where environmental 
conditions favored a predominantly 
agricultural way of life. 

The fact that each of these cultures 
was apparently the product of its own 
regional system of resources but that 
they also had a number of features in 
common is highly significant, 
suggesting that they constituted a 
single cultural sphere in which the 
various regional cultures engaged in 
frequent and meaningful interaction. 
Also participating in this interaction 
were several archaeological cultures 
in the northern and western border 
regions which mixed farming and 
herding. This sphere of interaction 
was in fact the earliest China in a 
cultural sense, and it is the same 
sphere within which a continuous 
cultural and social evolution was to 
run its course all the way to the 
emergence of the state and to the 
formation of the Qin and Han em¬ 
pires. The establishment of the exis¬ 
tence of this Chinese sphere of inter¬ 
action with its interlinked regional 
systems of culture evolving side by 
side, replacing the earlier model in 
which high cultures radiated in all 
directions from a single nuclear area 
in the north, is the most significant 
achievement of Chinese Neolithic 
archaeology in the last decade. 

Beginning of Chinese 
civilization 

The greatest single acomplishment of 
Chinese archaeology in the last three 
decades is, in my opinion, the gath¬ 
ering and synthesis of data that shed 
now light on the beginning of Chinese 
civilization. Heretofore Chinese civ¬ 
ilization had been preceded by a leg¬ 
endary past but an archaeological 
void, which led to the development of 
predominantly diffusionist theories 
to account for its origins. The ar¬ 
chaeological work of the past thirty 
years baa shown that Chinese civili¬ 
zation was formed toward the end of 
the third millennium B.C. as a new 
stage in the continuous development 
of a cultural tradition-or cultural 



Figure 6. The approximate spheres of political of interaction [dolled linn) between Yin and 
dominance [color) of the Xia and Shang Chi at the end of the Shang Dynasty. Interne- 
dynasties and of the predy nastic Zhou are in- tion between Zhenxun and Bo at the end of the 
dicaled. New evidence in the form of oracle Xia Dynasty is known through textual evi- 
bone inscriptions has established the existence deuce. 


co-traditions—of great regional di¬ 
versity and long history. 

The cultural continuum is apparent 
not only in staples and other food¬ 
stuffs, architectural materials and 
techniques, materials and forms of 
clothing, and utensils and imple¬ 
ments, but also in the history of 



’a 


Figure 7, This inscribed oracle bone, less than 
1.5 cm in length, la one of a cache of such bones 
recently uncovered in the predynastic Zhou 
capital at Chi in central Shaanxi. Originally 
used for purposes of divination, the bones 
contain invaluable information about the na¬ 
ture of Zhou society, (From China Pictorial 
1979.) 


writing and metallurgy, Potters’ 
marks dating from the beginning of 
the Yangshao Culture, around 5000 
B.C,, have been widely found. These 
marks may have signified possession 
or ritual placement of the vessels on 
which they appear; significantly, 
many are identical with or resemble 
individual characters in the writing 
system of the Shang civilization more 
than three thousand years later. The 
Yangshao sites have also yielded 
small pieces of metal—copper with 
impurities—that may have played a 
part in a contemporary craft, al¬ 
though we must await the arrival of 
true civilization millennia later for 
any major development in bronze 
metallurgy, Such development, on the 
other hand, was inseparable from the 
high technology characteristic of the 
Chinese ceramic industry (Barnard 
and Sat51975), 

Within the Chinese sphere of inter¬ 
action toward the end of the Neolithic 
period there emerged new cultures 
characterized by an innovative ce¬ 
ramic technology that resulted in gray 
and black pottery; evidence of armed 
conflict; and intensified social rank¬ 
ing. These are the Longshan Cultures, 
which appeared more or less simul¬ 
taneously in several regions such as 
Henan, Shandong, Shaanxi, and 
Shanxi, perhaps as a result of inter* 
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Figure 8. This bronze ax of the Anyang, or Late, Shandong Province, containing a number of 

phase of the Shang Dynasty marks a stage in sacrificial victims, this probable tool of execu- 

the advancing skill in metallurgy that diatin- tion may have served as a symbol of royal au- 

guishes the period of the Three Dynasties, thority. (Photo courtesy of The Cultural Relics 

Found in connection with a tomb in Yidu, Bureau, Peking.) 


prompted various speculations in $ | 

earlier stages of Chinese archaeology | 
concerning the origin of the Shang | 
civilization. Now dozens of bhang | 
sites scattered over a wide area from ; 
Shandong to Shaanxi and from * 
northern Shanxi to Hunan | 

known, and these are grouped into| 
least two stages of development | 
Anyang, or Late Shang (Fig. 8), nitd , 
Zhengzhou, or Middle Shang. Ar¬ 
chaeological and historical evidence f 
jointly points tothe eastern plai ns of \ 
North China as the homeland (if the | 
Shang and to the Dawenkou rtrnl j 
Shandong Longshan cultures as t ht-ir 
possible antecedents, but the oxj do 
ration of an Early Shang phase re- j 
mains on the active agenda for nr ; 
chaeologists during the next decade j 
(Chang 1980). 

The roots of the Zhou Dynasty arc ; 
also beginning to be better under | 
stood. The recent discovery and ex- . j 
cavation of the predynastie 7Mmi j 
capital at Chi in central Shaanxi. f 
where the Zhou established their fir*!- I 
historically attestable political center | 
only four generations before their ! 
conquest of the Shang in the twr ?lt l h ■ 
century b.c., are epochal events hit he ' 
history of both Chinese archaeology’ 
and historiography. The poem \ 
“Mian” (“Spread”) in the three- j- 
thousand-year-old Book of Odes tie- ! 
scribes how Tai Wang of Zhou mt *v«l [ 
his capital, probably under the prey - | 
sure of the nomadic Di people oft lie f 
north, to the “Plain of Zhou” sout h *»f ! 


related factors. From the Longshan 
Cultures probably sprang the major 
civilizations recorded in ancient his¬ 
toriography and known as the Three 
Dynasties: Xia, Shang, and Zhou (see 
Fig, 6). 

The Xia Dynasty, the first hereditary 
dynasty in recorded Chinese history, 
remains an archaeological enigma 
that continues to generate active 
polemics (Chou 1978), but the reso¬ 
lution of the questions it poses is now 
in my judgment simply a matter of 
time. Within the alleged area of Xia 
distribution (southern Shanxi and 
northwestern and northern Henan) 
and within the time span of the Xia 
rule (from the twenty-third to the 
eighteenth century b.c.) a well-de¬ 
fined archaeological culture called the 
Erlitou, after the type site near 
Luoyang, is now known to exist. In it 
are present all of the crucial ingredi¬ 


ents of the Chinese civilization—a 
palatial structure, bronze ritual ves¬ 
sels and weapons, and human sacri¬ 
fice—although written inscriptions 
tying the culture to the historical Xia 
are lacking. The Erlitou Culture ap¬ 
parently descended from the Henan 
Longshan Culture, and its decline 
coincided with the intrusion into its 
area of distribution of the Zhengzhou 
phase of the Shang civilization. 

The Shang Dynasty had been known 
to us through the early excavation of 
its last capital site near Anyang in 
northern Henan (Li 1977), mentioned 
above, and the oracle-bone inscrip¬ 
tions found there continue even now 
to provide us with the bulk of the data 
pertaining to Shang society, religion, 

and history (Keightley 1978). But at 

Anyang the Shang Dynasty was al¬ 
ready in a fully developed state, and 
the lack of any antecedent had 


aim now ne xnen lea in** 
people to build there a town 
rammed earth, constructing a town 
wall and a hall of ancestors. That v*?ry 
town has in all likelihood been Im*i jt***! 
by archaeologists in the last few ymt* 
and is now being brought to light 
Moreover, a cache of more Omn 
twenty thousand pieces of orai h- 
bones—over two hundred of wlii* h 
have been found to be inscribed (Fig. 
7)—has been uncovered in one of tho 
buildings. The importance of this m-w 
find to the early history of Zhmi § H 
comparable to that of the initial ii U 
covery of the Shang capital to Shang 
history and cannot be exaggerated . 

The Plain of Zhou continued to he t in 
important Zhou stronghold even after 

the royal capital hadbeen moved wt*i 

to a location near Xi’an and after the 
Shang conquest. A large number nf 
bronze vessels, many cast with lomr *»** 
short inscriptions, have been found in 
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this area over many generations, but mg out of their own regional Long- the area in which economic exchange 
especially in the last thirty years (see shan precedents, The long period was taking place. Given such evi- 
Fong 1980). These inscriptions con- encompassed by the Three Dynasties, dence, the unification of China under 
tain significant information pertain- a total of two thousand years, wit- the First Emperor of the Qin Dy¬ 
ing to the society and history of nessed a gradual but steady march on nasty—Shihuangdi—would certainly 
Western Zhou (ca. 1100-771 B.C.), as the part of the regional states toward not be as sudden and without prece- 
well as helping to establish a chro- cultural and societal unity. dent as may have appeared in the 

nnlngy for the typology and style of ( < past, 

the bronze vessels themselves. Beginning of Imperial 

pi. * n Two archaeological discoveries from 

New archaeological information J the brief (221-207 b.c.) Qin Dynasty 

pertaining to the Three Dynasties The second half of the Zhou pe- appropriately characterize the nature 
strongly suggests that the rise of civ- riod—the Eastern Zhou, 770-221 of the new empire. First, legal docu- 



Pkuro H. Excavated recently from the tomb of which bronze was inlaid with gold and silver, 
art Kimlmn '/.him king in Pingshan, Hebei, this The tiger clutches a small deer in its jaws. 
Itroii/i; tiger is an example of a highly evolved (From China Pictorial 1979.) 

later It'clmique, in use throughout China, in 


iliratlon in China took place within B.C.-was characterized on the one ments found in 1975 in Tomb No. U 
the Chinese sphere of interaction and hand by the rise of regional and local of the Qin cemetery at Shmhu*, m 
! w it oreurrod as a result of (actors powere and on the other by an in- Hubei Provrnce prov de a mtaable 
and activities that were interregional creasing sophistication and unity cultural insight From the grave of an 
■ , „ n XIJ„V L I niiBshan both of cultural style and of political, official named Xi were retrieved more 

economic, and eocial institutions than twelve hundred bamboo slips, 

h hierarchies of towns and throughout China. Archaeological originally bound together into per- 

citicH -had been formed throughout finds dating from Eastern Zhou (Fig. haps ten books, which include an ex- 

i Sip nf interaction- the 9) have long attested to the cultural plicit legal code pertaining to specific 

similarities among different states crimes and their punishments The 

wKallea n e t g , w |thin China. A forthcoming book on second find concerns three pits lo- 

thearchaeolcgical remains of ancient catod to the east of the Emperors 

« ItusThe traditional linear model Chinese instruments of measurement mausoleum at Lintong; mthese pits 
status, ine traamon (Editorial Team, in press clearly have been found more than seven 

'.fthroesucce.s.vehghcmUza i ns, WWW ^ ff ^ g gt^ tHousand terrMOto 80 ldiers and 

one A has Jjf tte „ per i od (475-221 B.C.) the system of horses (Fig. 1), slightly larger than life 

rounded by barbarian , , measureme nt had virtually become size, arranged in neat military for- 

replaced by a new m0 ^ , un if or m in all parts of China, indi- mations and dressed in once-colorful 

X! and^ntendhig itetes. all grow- eating the great geographic extent of uniforms (Fig. 10) of various ranks 
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Figure It). The discovery of an extensive army Traces of the mineral-based pigments with 
of clay figures guarding the mausoleum of the which the figures were originally painted have 
First Empofor of the Qin Dynasty at Lintong allowed archaeologists to reconstruct the de- 
<ue Pig. 1) has added greatly to knowledge of tailed and brightly colored uniforms shown 
Qin military accoutrements and practices, here. (Photo courtesy of Mary Gardner Neill.) 


Figure 11. A ailk funerary banner of the Ban 
Dynasty, found in Tomb No. 1 at Mawungdui 
in the city of Changsha, Hunan Province, il¬ 
lustrates the ascent of annul, A portrait of the 
(lead woman surrounded by five attendants 
appears in the central portion of the banner, 
which represents this world; the upper portion 
shows the sun and the moon, the lower portion 
the underworld. Analysis of the various aspects 
of this artifact and its complex cosmological 
design requires the cooperation of a number of 
disciplines. 


(Hearn 1979). Unquestionably, the 
First Emperor needed all the law and 
military force he could muster to 
unite the contending states into the 
vast empire that he commanded from 
the capital city at Xianyang in Sha¬ 
anxi—a capital which is just begin¬ 
ning to be investigated archaeologi- 
cally. 

The Han Dynasty (206 B.C.-A.D. 220), 
successor to the Qin, is likely to prove 
the most archaeologically rewarding 
period in Chinese history. In addition 
to the sites of the two Han capitals, 
Chang’an and Luoyang, there is an 
abundance of Han tombs. As Wang 
Zhongshu states in his forthcoming 
Han Civilization , 

Ass is because the Western and Eastern 
Han dynasties lasted for more than four 
hundred years, and because China was at 
that time a unified empire, its political 
situation relatively stable, its economy 
relatively prosperous, and its population 
dense. In addition, the landowners and 
officials of the Han dynasty were fond of 
richly furnishing their graves and conse¬ 
quently in their graves there are many 
kinds of objects of large numbers. The 
burial chambers, furthermore, were often 
built with bricks and stones, which helped 
to preserve the remains. We estimate that 
rince the liberation at leastten thousand 
Han dynasty tombs have been found as a 
result of archaeological work throughout 
the country. 

Finds from the Han tombs are too 
numerous to catalogue here, but they 
have immeasurably expanded our 
knowledge of Han culture and society 
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and especially of Han art. Among the 
many discoveries, however, we must 
not leave unmentioned the tombs of 
Marquis Dai, his Lady, and his son at 
Mawangdui, in the city of Changsha, 
Hunan Province (Buck 1975). These 
wooden chambered tombs of the 
second century B.C, were so well 
sealed that many objects ordinarily 
perishable—lacquers (see cover), 
wooden objects, silk fabrics, food¬ 
stuffs, and even the body of the Lady 
herself—have been preserved to a 
remarkable degree. A number of 
books on bamboo slips and on silk 
have also come to light; many of these 
books are Han versions of extant 
texts, but others had long since be¬ 
come unknown. The books found at 
Mawangdui and a few other Han 
tombs have not only added new tex¬ 
tual data to existing Han history; even 
more importantly, they have served 
to strengthen our confidence in ex¬ 
isting textual history in general, 

The Golden Age 

Although scientific archaeology began 
sixty years ago in China, only in the 
last thirty years have conditions al¬ 
lowed for continuous and extensive 
archaeological exploration of Chinese 
soil. As a result, cultural treasures 
that have been buried for thousands 
of years are coming to light in our 
lifetimes. The second half of the 
twentieth century is, as I have said, 
truly the Golden Age of Chinese ar¬ 
chaeology, and it should not surprise 
us that we are witnessing the (rrariiifll 


uncovering of a new Chinese hiKttiry 
and prehistory, many parts of which 
are completely unexpected or 
hitherto inconceivable. Archaeoh^ 
ists of the current generation aio! 
perhaps of the following two or t h re¬ 
generations have an unprecedented 
opportunity to help remake Chine** 
historiography on the basis of at 
chaeological evidence. The historical 
framework that has been adopted 
here was not possible a mere ten yeans 
ago, and it will surely be subject to 
radical modification in another ten 


New archaeological discoveries and 
our studies of them are also leading m 
toward a new alignment of our own 
disciplines. Many important finds* 
date from the historical period, and 
their analysis requires expertise in 
texts as well as in archaeological 
objects. Moreover, the new finds re¬ 
quires knowledge of the physical and 
environmental sciences, and they 
more often than not touch on crai '14 
rather than on the arts and on com 
moners rather than on princes and 
ministers. The traditional discipline* 
often dealing with narrow topics and 
specialized data, are now found to 
inadequate. For example, the study of 
the funerary banner of Mawamrdm 
TombNb.KFig.ll) calls CXh 
orative research on the part of 
chaeologists, fabric experts, art hm 
torians, and scholars of Han phihdn 
gy, cosmology, religion, and mythoL 

°gy. rishorLtheepochaldiscoveril 

of Chinese archaeology are blurring 


traditional boundaries and forcing us 
to broaden out in an almost revolu¬ 
tionary way to build a new field of 
ancient Chinese studies incorporating 
knowledge and skills confined at 
present to several distinct disci¬ 
plines. 

As our knowledge concerning the past 
of a quarter of humanity broadens 
and deepens, this knowledge natu¬ 
rally comes increasingly to bear on 
general issues in the study of man and 
his history. The expanded Chinese 
data base means a greater capacity 
both to serve as a testing ground for 
general theories of history and social 
science formulated in other parts of 
the world (M. Wright 1961) and to 
generate such theories from within. 
Examples of fruitful subjects in this 
regard are numerous: theories of cul¬ 
tural and social evolution; the nature 
of the ancient Chinese state, espe¬ 
cially its distinctive characteristics in 
the realm of kinship systems; the na- 
tu re of the rise of the ancient Chinese 
state in a setting of parallel and in¬ 
teracting states; the Asiatic mode of 
production and its empirical test in a 
major Asiatic state; the origin of 
writing and its close relationship with 
kinship classification rather than 
economic transaction as in the Near 
East. Issues such as these, and the 
potential Chinese contribution to 
such issues, suggest that the recent 


significant events not only for Chi¬ 


nese mstonogra 
historiography, 
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G. Evelyn Hutchinson 

Views 


Random Adaptation and Imitation 
in Human Evolution 

Chance variations in the development of one person, 
subsequently imitated by others, may give rise to 
new, adaptive ways of behaving 


l The following speculations are de- 
£ voted to certain aspects of human 
S evolution that have been rather ne- 
- glected. One possibility follows from 
i : another in the discussion, but in the 


* possible to arrange them to make a 


Random adaptation in 
invertebrates 

It is probable that throughout the 
living world there are many poly- 
i morphic species in which the poly- 


; acters of a particular morph, though 
J rarely useful and in fact slightly det¬ 
rimental most of the time, are of ex¬ 
traordinary value when the morph is 
l at all favored. The degree of genetic 
! determination of this type of system 


G. Evelyn Hutchinson, Sterling Professor of 
Zoology Emeritus at Yale University, is well 
known to American Scientist readers for his 
occasional articles on a wide variety of topics. 
The present article is based on a talk pre¬ 
sented at Yale in November 1980, Dr, Hutch¬ 
inson dedicates it to Jane Olson, recently re¬ 
tired editor of this journal, "in appreciation 
of her splendid work in developing American 
Scientist and of the opportunities she has 
given me to publish in the journal." The au- 


is very variable. Fairly rigorous con¬ 
ditions are presumably set by popu¬ 
lation genetical considerations in any 
particular case. 


beetles, not all members of a species 
can fly. The flightless form must save 
a good deal of energy in not having to 


cund when food is scarce. The flying 
form alone has a chance of surival if 
the habitat dries up. 

In some species of Corixidae the two 
forms are sharply and environmen¬ 
tally determined by the temperature 
at which they develop, so that flying 
forms appear in late summer when 


A similar phenomenon is found in the 
Central American and Antillean 
freshwater snail, Biomphalarict gla- 
brata. Here Richards (1963 a, b) has 
investigated two morphs, one of 
which develops rapidly but does not 
aestivate; the other, developing more 
slowly, can produce an epiphragm of 
hardened mucus which blocks the 
aperture of the shell, permitting aes¬ 
tivation on the bed of a dry pond. The 
aestivating form has, within the lip of 
the shell, projecting lamellae to which 
the epiphragm can be anchored. 
Some populations never produce the 
aestivating morph. In others it occurs 
regularly, Selection, however, applied 
to the latter populations, fails to 
produce a pure line, It would seem, 
though, from Richards’s studies that 


(Young 1965; Scudder and Meredith 
1972; Scudder 1976). In other mem¬ 
bers of the family, notably in the 
genus Micronecta in temperate re¬ 
gions (Wroblewski 1958), not more 
than a few percent of the often enor¬ 
mous populations can ever fly. This 
small percentage alone can colonize 
new habitats, though most descen¬ 
dants of such colonists cannot fly. 
Either the flying form is due to the 
simultaneous action of several genes, 
or it is dependent on the high muta¬ 
tion rate at a specific locus, with rapid 


suggestions about the matters he has consid¬ 
ered in this paper, particularly Frank Ruddle 
for calling attention to relevant work in the 
genetics of yeasts, Nancy Knowlton for em¬ 
phasizing possible mechanisms promoting 
diversity, Carole McGowan for more general, 
if succinct, advice, Samuel Gross for his in¬ 
sistence on clarity, and especially Phoebe 
Ellsworth for her part in a continuing dialogue 
that has been a major stimulus of ideas. Ad¬ 
dress: Osborn Memorial Laboratory, Yale 
University, New Haven, CT 06520. 


colonization balancing this rate, or 
the gene has very low penetrance. The 


not involved. He inclines to expres¬ 
sion being controlled by a very critical 
environmental condition acting on 
populations that are genetically aes- 
tivators. 


tell one anything except that a sto¬ 
chastic element is being introduced 
somewhere. In considering compa¬ 
rable phenomena in terrestrial in¬ 
sects, Harrison (1980) suspects that 
very critical combinations of envi¬ 
ronmental factors may control the 
production of fully developed or, al¬ 
ternatively, of flightless forms. 


by de Laramberque (1939) in another 
hermaphrodite water snail, Bulinus 
contortus, in which in some popula¬ 
tions almost all individuals are eu- 
phallic, each having a well-developed 
penis, while in others most are 
aphallic, without a penis, Near Cairo 
only 0.3 percent are aphallic, at 
Dakar, 97.4 percent. Again, selection 
does not permit the production of a 
pure line. Crossing the two extreme 
strains gives a population with an 
intermediate frequency, and when 
this is inbred it is possible to obtain a 
variety of lines of characterstic in¬ 
termediate penetrance. Such inter¬ 
mediate populations also occur in 
nature, as in Morocco. 

The aphallic form is doubtless eco- 
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namical in regions where many pop¬ 
ulations are initiated by single dis¬ 
persed young individuals that grow 
up by themselves and so must be 
self-fertilizing. The euphallic popu¬ 
lations probably regularly cross-fer¬ 
tilize, as is usual in pulmonate gas¬ 
tropods, and so gain the benefits 
conferred by this process, which, 
when I last looked at the contempo¬ 
rary literature, seemed, with reser¬ 
vations, to involve recombination of 
genes, as 1 had learned over fifty years 
ago. It is possible that another case is 
provided by the speckled and very 
variable morph nigmpmata, in the 
European currant moth, Abraxas 
gromdariata , which seems to be due 
to a dominant gene of low penetrance 
and may represent a set of compro¬ 
mises between twilight aposematic 
color and industrial melanism 
(Hutchinson 1980). There are 
doubtless a great many further cases 
to be discovered in insects. 


country people of Cumberland and 
Westmoreland, from whom I am de¬ 
scended on my father’s side. 

Looking at the whole field of human 
evolution as the evolution of the most 
intelligent, though perhaps not nearly 
intelligent enough, organism known, 
I am impressed by the rather limited 
number of hypotheses that have been 
advanced in the field and by the fact 
that it is extremely easy to incorpo¬ 
rate one’s own prejudices into one’s 
speculations, so that the latter be¬ 
come reports on a set of rather pecu¬ 
liar inkblots in a projective test. 

A young woman who had studied at 
the School o f Forestry and Environ¬ 
mental Studies at Yale, finding that 
she could not see the wood for the 
trees, became an Episcopal minister. 
In saying goodbye to me as she left for 
a position in the Middle West, she 
merely remarked, “Be good.” For an 


that sexual behavior has become more 
dependent on neurological and less 
dependent on hormonal control 
throughout the process of human 
evolution. The breeding season has 
been largely abolished, and more be¬ 
havior based on experience rather 
than exclusively on biochemistry is 
involved in sexual activity. Today the 
differences between biochemistry and 
neurology are blurred, but the general 
position of Ford and Beach is still 
valid. Wilson (1975), in Sociobiology , 
says he suspects that 10 percent of our 
behavior is genetically determined, 
which at first sight suggests that 90 
percent is learned from our psycho¬ 
logical environment. These remarks 
are probably only metaphors, because 
they involve a metric that can hardly 
be said to exist, but they at least 
suggest qualitative attitudes of some 
significance. Perhaps more than any 
other organism, we have got our ge¬ 
netics under control. I would, how- 


It is conceivable that the mechanisms 
involved, for instance, in changing 
from flightless to fully alate insects 
are mediated by an analogy of the 
mechanism producing switching in 
mating types in yeast (Ruddle, pers. 
comm.; see Klar et al. 1980), All these 
cases are no doubt examples of an 
obvious but neglected principle ex¬ 
pressed by Knowlton (pers. comm,) as 
“conditional strategies tend to be 
more successful than fixed strategies” 
(cf., however, Hutchinson 1972, p. 
xxiv). 

Change in the nervous 
system of man 

The problem of the heritability of 
various behavioral traits in man is a 
sticky one because it is always 
plagued by scientifically irrelevant 
issues about the superiority or infe¬ 
riority of certain racial and cultural 
groups. What I am going to say has no 
reference to differences between such 
groups but is something that I would 
suggest might occur to individuals in 
any group. I would protect myself, 
however, by noting that my brother 
found a letter written in the middle of 
the nineteenth century by a certain 
Rev. Mr. Fothergill who had been the 
parish priest of our family until he 
accepted the position of Archdeacon 
of British Guiana. He wrote back to 
England saying what a pleasant con¬ 
trast the intelligent black country 
people were to the stupid white 
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ecologist today, I think this very dif¬ 
ficult advice largely consists in not 
throwing out other people’s hypoth¬ 
eses because they are three years old 
or because their authors do not know 
anyone to tell them about the writings 
of Sir Karl Popper. 

I would therefore proceed on the 
principle that no consistent, hitherto 
unfalsified hypothesis has a zero 
probability of being true, though I 
realize that the problem of infini¬ 
tesimally small probabilities could 
give trouble. I hope that if we enter¬ 
tain enough possibilities, prejudices 
will cancel out. The feminist hy¬ 
pothesis of the importance of the in¬ 
vention of skin bags, baskets, and 
other portable containers might be set 
against some of the chest-beating 
male speculation on territoriality; 
both no doubt contribute significant 
true propositions to the study of 
human evolution. 

If we adopt a Lockean tabula rasa as 
a basis for humanbehavior and pos¬ 
tulate that all behavioral differences ' 
between individuals are in a wide 
sense learned, we are faced with the 
question of how so great a part of 
human activity has escaped from the 
tyranny of genetics. Probably no one 
really believes in the complete psy¬ 
chological environmentalist position, 
but a major problem still remains. An 
analogous if more limited situation 
was explored thirty years ago by Ford 
and Beach (1951), who pointed out 


ever, like to inquire whether the 
arithmetic of 90 +10 = 100 is, if not 
false, possibly incomplete. 

We have seen in the first part of this 
contribution that at times imperfect 
penetrance of some sort, by which 
phenotypes are determined proba¬ 
bilistically rather than absolutely by 
the genotype, can be advantageous to 
organism living in unstable environ¬ 
ments. The examples given were de¬ 
rived from insects and gastropod 
molluscs, but there is no reason to 
suppose that the phenomenon is 
limited to these groups. 

When we have a very complicated 
pattern such as the sutures of am¬ 
monites or the dermatoglyphs of the 
human hand, the general impression 
is that the structure is satisfactory 
even if the pattern deviates somewhat 
from a modal design. The genes reg¬ 
ulating such a pattern presumably act 
within certain permissible tolerance 
limits, much as do many processes in 
human engineering. The production 
of the observed deviation has been 
called fabricational noise bv Sei- 
lacher (1973). Y 

The enormous complexity of the 
nervous systems of the higher mam¬ 
mals, particularly our own, must put 
a strain on rigorous genetic determi- 
nation. My contention is that the ge- 
netic determination works develop- 
mentally within tolerance limits and 
that the noise within such limits 


* t MrihS 


might produce small structural dif- heard called the greatest intellectual nor some equalizing effect of one twin 
ferences, even under optimal condi- achievement of this century, could on the other. Many, moreover, have 
tions, that may be later reflected in well be a case in point. We cannot, of experienced differences in utero. No 
individual behavior. Such differences course, know that it is or is not, but it academy could possibly select indi¬ 
might produce an array of pheno- illustrates the kind of thing that I viduals with the required fairness and 
types comparable to that resulting have in mind. perspicacity even if all members had 

from low penetrance. It is at least been born locally. Given the incidence 

worth considering to what extent such It is difficult to know how my hy- of twins, nothing useful is likely to be 
essentially nongenetic, nonenviron- pothesis could be tested. When derived from a body of 1,000 mem- 
mental variation is partly responsible problems of this sort arise, psycho- bers, yet it may be that the kind of 
for the observed and often puzzling logical geneticists generally start variation we are considering never 
characteristics of individuals in our looking for twins. If we considered a produces more than two r three indi¬ 
own species. striking trait M which could enable us viduals in the whole human popula¬ 

te assemble a subpopulation exhib- tion at a time, I merely give the cal- 
Most people actually behave as if iting it, the identical twins would, if culations to show how difficult any 
such differences were given, in each M were strictly genetic, occur in the testing would be. No doubt a better 
. individual case, without much hint of subpopulation in pairs. If M were way to proceed would involve studies 
an explanation. Further thought ideally environmental, every member of as many pairs or triples of identical 
might convince some people that they of each pair having had the same ex- sibs as possible to see how often 
are basically due to recombination in perience, the same would be true. If, something extraordinary turns up in 
a very diversified gene pool or, alter- however, M were due to fabricational one of them (Ellsworth, pers. 
natively, that they are of environ- noise, it would occur almost every comm.), 
mental origin, this being ethically time only in one twin, unless it were 

respectable today. Moreover, the possible for this twin to educate the Imitating and mimicking 
randomness that I am suggesting, other completely relative to the 

which might for instance originate in trait. Since fabricational noise can have no 

Brownian movement near the tip of ' direct genetic effect, its importance m 

a growing dendrite, could, in last Consider that the trait M was a de- the present context depends entirely 
analysis, be regarded as due to some gree of a certain kind of intellectual on transmissal by mimesis or imita- 
random environmental event. The ability that ensures that those mani- tion, which is one of the most impor- 
difference between the process here testing it are elected to the National tant aspects of human behavior. It is 
suggested and the more ordinary en- Academy of Sciences, a body of just curious that little attention seems to 
vironmental effects of nutrition, over 1,000 members. About one birth have been given to the evolutionary 
temperature, and the like is that the in 85 results in twins, and a quarter of and comparative aspects of imitation, 
latter are conceived as depending on these are monozygotic (Morgan Having come to mimesis by way ot 
macroscopic events in the milieu ex - 1972), the figure relating to a period the possible significance of fabnca- 
Urieur , while the causes involved in before oral contraception complicated tional noise, it seems not without m- 
the production of any particular this type of statistic, but within which terest to examine the process m some 
nongenetic fabricational pattern are most members of the National other ways, as is done in this final part 
taken to be microscopic events in the Academy were born. If among of the paper. 

milieu interieur. monozygotic twins, everyone exhib-. 

iting M had a twin sibling also recog- Mimesis is, of course, obviously an 
In most cases the resulting small nizably exhibiting it, the number of activity of very young children, where 
structural differences would probably Academy members that are mono- it must imp y the development of a 
be of no importance, sometimes in- zygotic twins would vary around three body image that can be compared by 
deed they might be harmful, but I pairs, or six paired individuals. If, 

would suggest that occasionally they however, with the same twinning rate imitated (cf. Jolly 1972, Fig. 160). The 
might lead to types of behavior which, the chance of a second member of the amount that a baby needs to learn s 
though slightly eccentric relative to pair also having M were independent staggering; no wonder some people 
the modal adaptive pattern, can of the nature of the other twin, the abandon intellectual life after a few 
contribute new elements of value to rate would vary around 3.6 X 10~ 2 in years. Seeing a baby imitate a par- 
the behavior of the species. Such be- 1,000. At the present time, as far as ticular adult action for the first time 
havior might have no positive, or can be learned from surnames m the is an impressive but also very de- 
perhaps even slightly negative, Dar- membership list and dates and places lightful experience (2). 
winian fitness to the individual ex- of birth in American Men and 

hibiting it, but when spread by imi- Women of Science, there are no pairs It is worthwhile to consider for the 
tation or mimesis throughouta pop- of twins in the National Academy, moment the role of the inventor. 
Illation and integrated into our whole though I think there may have been Some animals, notably chimpanzees 

80Cial apairwithinlivin6memotya) - 

CTtraordinary innovations in mathe- I am fully cognizant that my two al- sorts ot musical instruments, can en- 

matte science, or art. Kurt Godel’s temative possibilities are both totally gage in some degree 

well-known work on the incomplete- unreal. No twins reared together musical activity, using artifacts that 

, mathematics a single body of could possibly avoid some environ- they could not possibly have invented 

mental differences in their history, for themselves. Such cases provide a 
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partial model of an inventor arising 
within a species, producing hitherto 
unknown artifacts which, if they are 
fairly simple, can he made and used 
by ail pre-adapted to the discovery. 

In all kinds of imitation, errors of 
communication are very likely to 
occur. They are to mimesis what 
mutation is to ordinary inheritance 
and fabrieational noise is to devel¬ 
opment. They are, however, likely to 
be commoner. They will usually be 
misleading and often deliberately 
biased, though happy mistakes might 
now and then occur. Many errors are 
likely to reflect what is expected, and 
these would lead to a kind of viscous 
dissipation of novelty. The fact, dis¬ 
cussed a little in a later paragraph, 
that there seem to be mechanisms 
producing occasional, very striking 
antimimesis in our own society indi¬ 
cates that the processes of imitation 
are far from simple. 

In mimet ic behavior of any sort, lin¬ 
guistic or not, learned elements are 
integrated in a deep structure which 
is presumably largely neurological 
and so basically innate. The deep 
structure ensures that the huge array 
of learned elments are deployed in a 
more or less uniform and appropriate 
way. This seems to be essentially 
what Chomsky is telling us about 
language, but it must also apply to 
any system of learned responses. 

In sexual arousal, at least in day¬ 
dreaming, images of a superficially 
arbitrary kind, varying greatly from 
culture to culture, can contribute to 
excitation. The images are clearly 
partly learned from other human 
beings, as words are. Their physio¬ 
logical power, however, must depend 
on innate connections, This case is 
interesting because it evidently 
implies function without any use of 
language, and in part may represent 
the sexualization of an immense field 
dealing with visual imagery. 

All the processes that psychoanalysts 
describe, insofar as they are valid, 
whereby an infant learns its place in 
its family and in the society, proto- 
Hellenic or contemporary, of which 
that family forms a part, must like¬ 
wise depend on a vast lexical array of 
perceptions involving all possible 
sensory modalities, and on an elabo¬ 
rate syntactical mechanism for inte¬ 
grating this information in particular 


ways. Some of the confusion that 
surrounds this subject may be due to 
a failure to separate these very dif¬ 
ferent aspects, one being independent 
of genetic control but the other pos¬ 
sibly largely dependent. It is inter¬ 
esting, though not unexpected, that 
initially all the necessary systems of 
information on which complex be¬ 
havior is based depend more on 
learning than on being taught (cf. 
Mead 1943). 

Too much mimesis, or perhaps too 
uncritical a use of imitation, can be 
dangerous, inhibiting cultural evo¬ 
lution. The mimetic spreading of 
ideas, or memes as Dawkins (1978) 
calls the supposed units involved in 
the process, may occur even if the 
ideas are erroneous or destructive. 
Something like natural selection must 
operate here, but it often does not 
work rapidly enough. 

I would tentatively suggest that ado¬ 
lescent revolt is basically a mecha¬ 
nism for preventing excessive copying 
of adult behavior. It is possible that 
some very conservative societies find 
methods of nullifying this, making all 
change appear bad if the society 
works fairly well. There is clearly 
much difference in the attitudes 
toward childhood (cf. frontispiece of 
Hutchinson 1953) and adolescence in 
various cultures, and some attitudes 
may produce relatively changeless 
societies, perhaps leading to the im¬ 
mensely long periods without much 
cultural change in the Paleolithic. 

A healthy maturity would seem to be 
achieved by a dialectical approach, 
the .thesis being the initial type of 
social behavior in which the individ¬ 
ual finds himself embedded, the an¬ 
tithesis his revolt, determined largely 
culturally but possibly with an innate 
physiological deep structure, while 
synthesis occurs when, in early ma¬ 
turity, it appears that on some points 
the old man did know what e was 
talking about, Though adolescents in 
revolt are apt to follow the pattern of 
their peers rather slavishly, there are 
doubtless always striking exceptions, 
and this diversity may often be 
adaptive (Knowlton, pers. comm.). 

Alison Jolly’s studies of lemurs, 
notably Lemur catta and the lovely 
Propithecus verrauxi, led her to a 
belief that primate sociality and the 
learning involved in its development 


; are necessary antecedents to all other 
, kinds of primate behavioral skills 
. (Jolly 1966, 1972). Lemurs can sit 
; about in groups with their arms over 
each others’ shoulders, but show little 
of the characteristic manipulative 
; curiosity of higher primates. Pre- 
' sumably their attitude to each other 
is an elaboration of parent-infant 
bonding in which the father as well as 
the mother can play a role. 

The peaceful life of such animals 
breaks down during a relatively short 
sexual season when jealous males 
with extremely efficient pointed ca¬ 
nine teeth constitute very real threats 
to each other. Jolly suspected the 
sexual season to be kept as short as 
possible to avoid such damage. An 
extended family or troop, at times 
when it is undisturbed by sexual 
jealousy, would be the perfect system 
for the transmission of nongenetic 
social behavior, however it is gener¬ 
ated. In the evolution of monkeys and 
apes all sorts of variations are ap¬ 
parent, often with less rigidly timed 
sexuality, leading to various patterns 
of male dominance throughout the 
year, tempered and controlled at least 
in some of the higher forms by the 
socialization of sexuality, a process 
which we are probably now trying to 
complete. 

One might perhaps conclude that 
throughout the whole of human evo¬ 
lution there has been a tension be¬ 
tween territorial aggressive and 
cherishing unobtrusive types of be¬ 
havior. Both have been necessary. 
The balance was originally doubtless 
more innate and hormonal than in 
ourselves today. Since we have prob¬ 
ably more control over the dichotomy 
than did our remote ancestors, the 
balance can be modified. In a certain 
sense ethics is the art of achieving a 
satisfactory balance, so that goodness 
is not threatened by excessive arma¬ 
ment. Occasionally we may receive a 
quite extraordinary gift, perhaps by 
the process that I have described. If 
we are very good we shah know how to 
take advantage of this blessing. 
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Notes 

1. Of course this does not mean that there are 
not individual twins, one of a pair being 
elected, the other not. I understand that 
there is now at least one member who has an 
identical twin, not in science, I am grealy 
indebted to Anna Aschenbach for her assi¬ 
duity in the hopeless hunt for pairs of twins 
in the National Academy, 

2. I am grateful to Emily Hyde, her mother 
Martha MacLean, and my wife, Margaret 
Hutchinson, for arranging a spectacular, if 
largely accidental, demonstration of a six- 
month old baby clapping her hands for the 
first time in imitation of an adult. 



“The answer to sociobiology: sociochemistry! 



Charles Stuart-Harris The Epidemiology and Prevention of 
Influenza 

Several remarkable properties of the influenza 
viruses—in particular , antigenic variation—have 
hindered control of the infectious diseases they 


In spite of the vast amount of infor¬ 
mation now possessed concerning the 
influenza viruses and the human 
diseases which they produce, the 
hoped-for control over this infection 
has still not been achieved. Some of 
the reasons for this failure are inher¬ 
ent in the properties of this remark¬ 
able group of viruses. Others may be 
ascribed to the comparatively super¬ 
ficial character of the infection and 
the relatively wide age-span of those 
attacked during epidemics. This ar¬ 
ticle will attempt to outline some of 
the more important unsolved prob¬ 
lems of the present day. 

The influenza viruses are now among 
the best studied of all the mammalian 
viruses. Laboratory cultivation and 
analysis of the properties of the vi¬ 
ruses have been pursued for forty- 
eight years, and from this study has 
grown an appreciation of the re¬ 
markable biological and immuno¬ 
logical variations which occur natu¬ 
rally or can be induced in these vi¬ 
ruses. In recent years much has been 
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learned concerning the antigenic manner in which variation has pro¬ 
variations of the viruses recovered gressed from the H0N1 antigens of 
from countries all over the world, the earliest human isolates in 1933 to 
Molecular virologists have been sue- the H3N2 viruses of 1968 to the 
cessful in analyzing some of the present day is shown in Table 1. The 
chemical structure of both these latest view of the classification is that 
human and also certain animal in- H0N1 and HlNl viruses constitute 
fluenza viruses. The genome—the one major subtype, while H2N2 and 
ribonucleic acid (RNA) responsible H3N2 form a second. This is because 
for replication—of influenza A virus cross-relationships exist between the 
is being analyzed biochemically and HO and HI hemagglutinins and be- 
studied genetically. The chemical tween the H2 and H3. The table also 
composition of the surface antigen shows the return of the HlNl virus 
known as hemagglutinin is already subtype in 1977, about which more 
known, and the chemical basis of the must be said later, 
antigenic resemblances and differ¬ 
ences between the hemagglutinins of The importance of antigenic variation 
human and animal influenza viruses has been recognized primarily as the 
sharing the A ribonucleoprotein will ability which it confers upon the virus 
soon be apparent. Yet much con- to brush aside the human imrauno- 
cerning the antigenic differences of logical defense and to renew its attack 
human viruses remains obscure. UDon the communitv. No nth or ex. 


human viruses remains obscure. upon the community. No other ex¬ 
ample is known, at least among the 
Indeed, influenza as a disease has infectious viruses of man, whereby 
passed on some of its mysterious ep- the coat changes so often and so un- 
idemiological characters to the vi- predictably and thus defeats the host 
ruses themselves. For as research defense mounted against the previous 
workers study the viruses recovered coat. Consequently, antigenic varia- 
from chronologically separated epi- tion is basic to the interpretation of 
demies, they become mystified by the epidemiology and the prevention 
their inability to uncover the origin of of influenza, and until more is known 
the major antigenic variants or sub- concerning its mechanism, there ex¬ 
types that are revealed. Thus the first ists a bar to the rational development 
and major problem is unquestionably ; of specific measures of prevention, 
the manner in which new antigenic 

Antigenic drift and shift 

and pass with little difficulty among Careful serological analysis of the 
the different countries of the two influenza A virus, as well as of the B 
hemispheres as traveling waves of virus, has shown that minor chanues 
in action. in both H and N antigens occur an- 

m, . . . ' , nualy, biennially, or at longer inter- 

The variant surface antigens—gly- vals of time. Such minor variations 
coprotein rods projecting through the have been named nntiseiuc drift The 
outer™)envelope-arehemagglu- changes outlined in Table 2 for the 
min H)andneuram.nidase(N)(Fig, A/Hong Kong H3N2 subtype of vt 
1J. ^hey are used to describe the for- ruses illustrate antigenic drift (see 
mulaeoftheinfluenraAviruses.The also Fig. 2 ). The first three mt^or 

. J«. .eUlitth. ' 


variants of the A/Hong Kong/68 
subtype differed from each other in 
serological interaction with immune 
serum from convalescent infected 
ferrets. In a similar way, the serolog¬ 
ical imprint of each of the viruses is 
made on the human community by 
successive acquisitions of antibody to 
each virus in turn. 

The antibodies to the prototype virus 
of the subtype continue to build up 
even after it has been replaced, and 
this occurs through the cross-reacting 
antibody links between it and the 
later related viruses. Ultimately the 
population has sufficient antibody 
against all the permutations of the 
subtype for the virus to fail to be 
transmitted. At* this point in the past 
the subtype has ceased to circulate, 
and antigenic shift , which involves a 
major rather than minor antigenic 
change (see Fig. 2), has occurred. 
What emerged in 1957 was a virus 
that had a new array of both H and N 
antigens (H2N2) and that replaced 
the farmer HONl and HlNl subtype. 
This resulted in the enormous Asian 
pandemic of 1957-58 (Fig. 3). Again, 
when the antigenic shift occurred 
from H2N2 to the H3N2 A/Hong 
Kong subtype in 1968, there was a 
lesser but otherwise similar wide- 


neuraminidase 


homflnnlllilnln 



membrane envelope 


Figure 1, A model of the influenza virus shows 
the surface glycoproteins hemagglutinin (H) 
and neuraminidase '(N) inserted through the 
outer envelope of the virus particle. These 
glycoproteins are used to describe the variants 
of the influenza A viruses. Internal RNA is a 
single strand of RNA, (From Stuart-Harris and 
Schild 1976.) 


each collection in an age-specific 
pattern in persons born in the same 
years before but not since 1958. What 
happened was therefore predictable. 
Outbreaks of influenza due to the 


1977 virus were confined to children 
and adolescents, not only in Europe 
and the U.S. but also in the Far East 
and the Southern Hemisphere. 
Meanwhile, a fourth antigenic variant 
of the Hong Kong virus (A/Texas/77) 
arose and continued to spread in 
older persons, with the result that two 
influenza subtypes were recovered 
side-by-side, often from the same 
community, and, rarely, from the 
same person. 

Even more remarkable than this re¬ 
currence of the HlNl virus is the fact 
that the immunological memory of 
persons born before 1958, and aged 21 
and above in 1977, should still pro¬ 
duce excellent protection against the 
highly infective recurrent agent of 
1977. Clearly immunity to influenza 
is good when the virus antigens are 
stable. A further variation in the 
HlNl antigens of the vims or a 
change in its biological properties 
may undermine this specific immu¬ 
nity, and antigenic drift had already 
begun by the summer of 1978. 
Meanwhile in 1981 both the latest 
H3N2 variant (A/Bangkok/79) and 
the HlNl variant (A/Brazil/78) con¬ 
tinue to cause outbreaks. Such par¬ 
allel persistence of two A viruses has 
never been documented before. 


spread pandemic. In both instances, 
the major change in hemagglutinin 
permitted the shifted virus to spread 
freely because no adequate protection 
against the new antigen existed in the 
population. 



Table 1. Principal antigenic subtypes of Influenza A viruses 


In 1977 a unique event-unique only 
in that it had not been documented 
before—took place in China. There 
was an outbreak of influenza in Ti¬ 
entsin in May, from which were re¬ 
covered viruses of the HlNl subtype, 
which had not been encountered for 
twenty years anywhere in the world. 
The 1977 virus caused outbreaks in 
China during July, and by November 
Hong Kong and Far East areas of the 
USSR were affected. The virus then 
spread rapidly westward, until by 
February 1978 outbreaks had oc¬ 
curred in many European countries, 
in Canada, and in the U.S. 

It so happened that in Sheffield, En¬ 
gland, the prototype FM1/47, an 
HlNl virus of 1947, had been used to 
test for antibodies in randomly col¬ 
lected sera of persons of different ages 
in 1961-62,1971, and the summer of 
1977. As Figure 4 shows, antibodies to 




Major 

Strains 



Prototype 

Duration of 

epidemic 

derived by 

Formula 

viruses 

circulation 

years 

drift 

Hemagglutinin 

Neuraminidase 

A/WS/33 

1932-46 

1932-33 

A/Weiss/43 

HO 

NT 

A/PR8/34 


1937 






1943 




A/Cam/46 

1946-57 

1949 

A/Scand/50 

HI 

N1 , 

A/FM1/47 


1951 

A/Liverpool/51 





1955 




A/Sing/57 

1957-68 

1957-58 

A/Eng/61 

H2 

N2 

A/Aichi/57 


1959-60 

A/Eng/64 





1961 

A/Eng/68 





1967-68 




A/Hong Kong/68 

1968-81 

1968-69 

A/Eng/72 

H3 

N2 



1969-70 

A/Vict/75 





1972-73 

A/Texas/77 





1975-76 

A/Bangkok/79 



A/USSR/77 

1977-81 

1977-78 


HI 

N1 



1978-79 





A/New Jersey/76 (H sw1.N1) was responsible for localized and sporadic cases in the U.S. only, 
1974-76. 


1981 March-April 167 




Origin of antigenic 
variants 

Because of the clear-cut importance 
of antigenic variations in the waxing 
and waning of human epidemics and 
also from the standpoint of protec¬ 
tion, much effort has been expended 
in seeking the mechanism by which 
new influenza variants originate, 
Because antigenic drift can be mim¬ 
icked in the laboratory, possible 
mechanisms for this form of variation 
have been easier to investigate. The 
inoculation of mice with partially 
neutralized virus encourages the 
survival of less well neutralized vims 
progeny. Similarly, the inoculation of 
mice previously immunized by inac¬ 
tive virus has the same effect. Re¬ 
peated passage results in progressive 
antigenic drift away from the original 
strain. The mimicking of this by Fa- 
zekas de St. Groth and Hannoun in 
Paris (1973) led them to derive from 
A/Hong Kong/68 a virus remarkably 
similar to A/Eng/42/72. Yet they were 
unable to repeat the procedure to 
produce artificial antigenic variants 
with antigens of A/Port Chalmers/73 
or A/Victoria/75. Nevertheless, these 
laboratory experiments strongly 
support the view that natural anti¬ 
genic drift is due to passage of virus 
through a partially immune popula¬ 
tion—a form of virus adaptation to its 
natural host. 

No similar hypothesis will explain the 
origin of the major variations involved 
in antigenic shift, which result in 
pandemic, viruses. Three views of the 
possible mechanisms that might 
cause antigenic shift will be treated 
briefly here. The first suggests that 
animal influenza viruses recombine 
with human viruses to produce new 
strains. The second hypothesizes ge¬ 
netic mutation, and the third postu¬ 
lates persistence of the virus, perhaps 
in an altered form, in its human host 
after infection, 

Because the antigenic composition of 
H2N2 could not have been predicted 
in the years before 1957, the view has 
gained ground that the genes con¬ 
trolling the H2 and N2 antigens were 
derived from a nonhuman source of 
influenza virus in the animal kingdom 
(Webster and Laver 1975). The most 
prolific source of such viruses is 
among birds: fourteen different an¬ 
tigenic subtypes have been identified 
already in these species, and a few 
viruses with human H antigens have 


Table 2, Antigenic drift of influenza A viruses 1968-75 


Viruses 

AIHKI68 

A/Engl 72 

AIPCI73 

AIVictl75 

A/Hong Kong/68 

2,560 

2,560 

320 

20 

A/Eng/72 

40 

1,280 

320 

40 

A/Port Chalmers/73 b 

20 

640 

640 

40 

A/Victoria/75 

<20 

20 

<20 

1,280 


0 Numbers are titers of hemagglutination-inhibition antibody in ferret sera. 
b Variants A/Eng/74 and A/Scot/74 resembling A/PC/73 were also concerned. 
source: Pereira and Chakraverty 1977 


been recovered from ducks. The un¬ 
answered question is the source of the 
“new” genes of the surface antigens H 
or N each time that antigenic shift 
occurs in human strains. The enor¬ 
mous virus pool with different anti¬ 
gens in duck species worldwide can¬ 
not be ignored. 

Because genetic recombination—i.e. 
reassortment of the RNA seg¬ 
ments—can be easily accomplished in 
the laboratory and, as Webster and 
Laver (1975) described, also occurs 
naturally in swine, the view has be¬ 
come popular that new genes per¬ 
mitting antigenic shift are acquired 
by recombination and genetic inter¬ 
change between a human and an an- 


Figure 2, Antigenic drift is a mechanism by 
which minor variations in the antigens of the 
influenza virus follow a gradual, steplike pro¬ 
gression away from the original virus, As these 
subtypes cease to infect, variation in antigens 
becomes much more dramatic—a process 
known as antigenic shift. Antigenic drift is il- 


imal influenza virus. For the A/Hong 
Kong (H3N2) virus it is possible that 
the animal donor was a duck virus, or 
even an equine strain, because of 
shared amino acid light chain seg¬ 
ments of the hemagglutinins of the 
A/Hong Kong, the Duck/Ukraine, 
and the A/Equi/2 viruses (Laver and 
Webster 1973). 

I have a personal bias against this 
view in that it is difficult to visualize 
the medium corresponding to the 
laboratory’s fertile eggs or tissue 
cultures in which genetic interchange 
can occur. It is, of course, known that 
human A viruses can pass from man 
to domestic species of the animal 
kingdom, as happened in swine with 


antigenic shift 



lustrated by the H3N2 viruses derived from tl 
A/Hong Kong/68 prototype. Year and place 
isolation of the variants is shown. Antigen 
shift is seen in the major change from the t 
FMl/47(HlNl) viruses which circulated fro 
1946 to 1957 to the A/Aaian/57(H2N2) viri 
later in 1967. 
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Figure 3. In 1957 a virus with a new array of H ficient antibodies against currently circulating from its probable point of origin in China 

and N antigens replaced earlier virus strains by virus strains for the virus to fail to be trans- (designated by the star ) throughout the world, 

, the process known as antigenic shift. The major mitted. The new virus strain in 1957, which Figures in circles represent the months when 

genetic changes involved in antigenic shift superseded the H0N1 and HlNl subtype, thefirst cases appeared, (From Stuart-Hams 

probably occur when the population has suf- caused an enormous epidemic, which spread and Schild 1976.) 


the A/Hong Kong virus. Soon after 
the A/Hong Kong outbreak of 1968, 
swine sera collected in the abattoirs of 
many countries contained antibodies 
against the H3 antigen. This 
human-to-animal transfer may also 
have occurred in 1918, when it is said 
that swine influenza was first recog¬ 
nized by veterinarians. 

How can a human virus passing to an 
animal host with its own particular 
strain of influenza virus undertake 
genetic interchange and then return 
to its human host with its newly ac¬ 
quired surface antigens? There is no 
known vector or parasite to carry the 
recombinant back to man. Indeed, 
the Fort Dix outbreak of 1976 is the 
only documented epidemic in which 
the human infection was seemingly 
derived directly from an animal 
source—in this case swine influenza 
virus. But the virus was not a recom¬ 
binant, and it lacked much trans- 
missibility in spite of known human 
susceptibility. (In only one in¬ 
stance—the outbreak at Fort Dix— 


did the infection by the swine virus 
transmit from person to person.) Had 
it returned as a virus manifestly dif¬ 
ferent antigenically from the original 
swine virus, its source could not have 
been identified. 

The idea that animal influenza vi¬ 
ruses contribute to the pool of human 
influenza virus genes remains a dis¬ 
tinct possibility and is supported by 
the absence of antigenic shift in in¬ 
fluenza B virus, which is apparently 
confined to man. What are the alter¬ 
natives? Genetic mutation, which was 
the former explanation for antigenic 
shift, appears improbable on theo¬ 
retical grounds. But it seems unwise 
to discard a third theory—namely, 
the continuing pefsistence after in¬ 
fection in man of the RNA of the 
virus or of complete or incomplete 
virus within an intracellular medium 
in the organs of the host. This latency 
has never been demonstrated by 
laboratory methods. 

Consider the recent revival, men¬ 


tioned earlier, of the HlNl virus in 
China in 1977. Elegant mappings of 
the oligonucleotides of the RNAs of 
various 1977 strains of this virus have 
been made in New York by Palese 
and his group at Mount Sinai Hospi¬ 
tal (Nakajima et al. 1978), Compari¬ 
sons with HlNl strains recovered in 
1947 and subsequently show that the 
closest resemblance to the 1977 strain 
is with the so-called Scandinavian 
variant of 1950, originally isolated in 
Sweden, and not with the 1947 pro¬ 
totype. Similar serological results 
have been obtained by Kendal and 
co-workers (1978). It has been sug¬ 
gested that the 1950 virus lived on 
until 1977 in a frozen state. Perhaps 
in 1977 there may have been experi¬ 
mental human inoculations with live 
vaccines made from this virus. The 
remarkable infectivity and trans- 
missibility of the 1977 virus does not 
support this view, which seems to me 
no more probable than that the 1977 
virus arose from human cells in which 
it had been imbedded for twenty- 
seven years in a living person. 
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Figure 4. An age-specific pattern emerged in 
three separate serum collections made in 
1961-62,1971, and 1977 and tested for anti¬ 
body to the predominant virus strain of 1947, 
A high percentage of persons born between 
1938 and 1948 had a strong antibody response 
to the prototype FMl/47 (HlNl) strain, and 
this was maintained up to 1977, Note the lack 
of antibodies against the HlNl virus in persons 
born after 1958. 


The fact is that there is excellent ev¬ 
idence that the first infection by a 
human influenza virus in the infant 
imprints its antigens on the immu¬ 
nological system so effectively that 
antibodies continue to be made 
against the same virus antigens for 
life. This "original antigenic sin” 
(Francis et al. 1953) is not just an 
hypothesis, but it has yet to be fully 
explained. Some mode of persistence 
of the antigens of the virus responsi¬ 
ble for the original infection seems to 
be one way to induce such a long- 
lasting effect. This would be possible 
if virus latency existed. 

Whatever the true explanation for the 
origin of antigenic shift, it is relatively 
a rare event. Each of the new sub- 
types of virus has appeared with at 
least a ten-year interval. Ten years 
also seems to be the period required 
to saturate the community with in¬ 
fection by one particular subtype. No 
one can predict, however, the nature 
of the antigens of the virus which will 
replace that subtype by successful 
infection and transmission. If indeed . 
these antigens are contributed from 
the animal kingdom, there is a large 
supply, particularly among avian 
species, from which "new” human 
viruses can arise and cause world ep¬ 
idemics. 

Prevention: Inactivated 
vaccines 

fluenza is usually reckoned to be the 
artificial production of immunologi¬ 
cal changes which confer resistance to 
infection or to reinfection after an 
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attack of influenza. Many factors 
have been identified which are im¬ 
portant in determining such resis¬ 
tance, but the view that the serum¬ 
neutralizing or hemagglutination- 
inhibiting (HI) antibody titer, is the 
best index of protection is widely ac¬ 
cepted. A serum HI titer of 1:24 to 
1:48 against the virus concerned in 
causing infection seems to be the 
minimal protective level (Hobson et 
al. 1972). Undoubtedly, antibodies 
against the other surface antigen— 
the neuraminidase—may also be im¬ 
portant as a contributory factor 
(Murphy et al. 1972; Slepushkin et al. 
1971). The precise role of cell-con¬ 
trolled immunity contributed by 
lymphocytes located in the organs 
is still unspecified. What can either 
inactivated or live, attenuated influ¬ 
enza vaccines contribute toward in¬ 
creasing protective levels of circulat¬ 
ing antibody, and what are their lim¬ 
itations? 

Purity, potency, nonreactogenicity 
combined with adequate: antigenicity 
are the key words for inactivated 
vaccine. Remarkably pure vaccines 
are now available either in the form of 
whole virus or as separated or split 
surface antigens. Whole-virus prep¬ 
arations of any kind are still uncom¬ 
fortably reactogenic in children, 
particularly in infants who possess no 
preexisting serum antibodies to the 
antigens. Split vaccines, particularly 
those with surface antigens but no 
internal RNA protein, cause fewer 
systemic reactions such as fever, but 
local reactions, particularly when 


The quantity of antigen required to 
induce protective levels of antibody 
differs according to whether the host 
has been previously infected with a 
virus of the same subtype. Much of 
the published information has been 
derived from immunization during 
interpandemic periods. At these 
times, a single dose of antigen gives a 
good response when the person to be 
vaccinated has had previous experi¬ 
ence by infection of the virus subtype 
contained in the vaccine. Table 3 


using a surface-antigen-adsorbed 
split vaccine. This experiment, per¬ 
formed in an interpandemic period 
with student volunteers from the 
University of Sheffield (Potter et al. 
1977a), indicates a good dose-re¬ 
sponse relationship, and challenge of 
immunity by a live, attenuated virus 


antibody titers were associated with 
protection. 

During interpandemic periods it has 
been assumed that the composition of 
the vaccine should he changed to fit 
its antigens to that of the antigens of 
the circulating virus. Certainly the 
homologous serum HI titers against 
a virus used experimentally to chal¬ 
lenge protection induced by different 
vaccines made from variant viruses of 
the same subtype fit the degree of 
protection which is observed. This 
was shown by an additional vaccine 
trialin Sheffield which used different 
strains of the Hong Kong virus sub- 
type. Both the serum antibodies titers 
(see Table 4) and the results of a 
challenge with live virus tell the same 

’‘or* 


Thus it appears necessary to change 
the antigenic composition of inacti¬ 
vated vaccine to accord with antigenic 
drift, which entails technical and 
manufacturing problems. Such tail¬ 
oring can be implemented retro¬ 
spectively, yet in practice the new 
variant virus may not be ready in time 
to prepare up-to-date vaccine (Sabin 
1979), and protection is often less 
good than expected against the anti¬ 
gens of newly drifted variant viruses. 
Hoskins and co-workers (1979) illus¬ 
trate this problem with their field 
experience in an English boarding 
school for boys aged 13 to 18 after 
three outbreaks of influenza A. Suc¬ 
cessive variants of the Hong Kong 
subtype were incorporated into vac¬ 
cines for each new year of entrants to 
the school; however, subsequent at- 
' tack by a later variant indicated little 
protection. When the A/Victoria/75 
variant caused influenza in 1976, 
previous infection by the A/England 
or A/Port Chalmers variants did af¬ 
ford effective protection, but vacci¬ 
nated boys developed influenza. 

The problem of conferring enduring 
protection against interpandemic 
influenza by inactivated vaccine has 
yet to be solved. A special weakness of 
such vaccine arises from the host’s 
inability to produce protective levels 
of antibodies when there has been no 
previous infection by a virus of the 
subtype present in the vaccine. This 
is seen particularly at times of anti¬ 
genic shift. Two doses of vaccine a 
month apart are needed, and even 
then the dose-response curve is flat 
and the final titer of antibodies is 
unsatisfactory. This problem was 
emphasized by experience with the 
A/New Jersey/76 (Swine) influenza 
vaccine in 1976, and more recently 
with the A/USSR/77 (HlNl) vaccine 
(Nicholson et al. 1979). In conse¬ 
quence it has to be admitted that at 
times of antigenic shift, when a pan¬ 
demic is threatening, inactivated 
vaccine, though safe, operates at a 
great disadvantage. Antibody titers 
are low and their duration is un¬ 
known. 

Prevention: Live vaccines 

In spite of the extremely large-scale 
use of live influenza vaccines in the 
USSR for several years, formidable 
problems exist in the development 
and formulation of adequately at¬ 
tenuated but infective materials. 
From the relatively small-scale trials 


Table 3. Results of challenge with live WRL105 virus after various doses of surface-antigen 
A/Port Chalmers/73 vaccine 




Response to immunization _ 

Challenge 

Vaccine 

No, of 

Serum Hl b 

Serum Nl° 

Nasal HA d 

No. infected by 

dose a 

volunteers 

(GMT) 

(GMT) 

( GMT) 

mi 105 virus (%) 

400 UJ. 

15 

1325.4 

36.1 

3.1 

1(6.7) 

100I.U. 

15 

217.8 

21.6 

1.6 

2(13.3) 

25I.U, 

15 

101.6 

26.0 

1,5. 

2(13.3) 

5I.U. 

15 

61.1 

32.9 

1.1 

6(40.0) 

Nil 

15 

7.2 

5.9 

1.0 

10(66.7) 


a International units hemagglutinin 

b Hemagglutination-inhibition antibody titers (GMT = geometric mean titers) 
c Neuraminidase-inhibition antibody titers 
d Neutralizing antibody in nasal secretion 
source: Potter et al. 1977a 


made with volunteers in the U.K., it 
is already apparent that the problem 
of antigenic shift exercises the same 
influence on protection by live vac¬ 
cines as in the case of the inactivated 
variety. This is not necessarily true 
for antigenic drift, but in interpan¬ 
demic influenza it is now clear that 
the presence of antibodies resulting 
from previous infection handicaps the 
live, attenuated virus to an important 
extent by hampering virus replication 
necessary for protection. 

Thus live, attenuated viruses, how¬ 
ever prepared, more readily infect 
persons with no HI antibodies in their 
serum (seronegative) and those with 
minimal serum titers than those with 
titers of 1:16 or over. Also, attenuated 
virus may not always produce infec¬ 
tion when the vaccine is administered 
as a single dose of intranasal drops, 
even in seronegative persons. The 
reasons for this failure are not ap¬ 
parent. Perhaps it is technical in ori¬ 
gin, and more than one intranasal 


inoculation may be required to pro¬ 
duce infection and raise the level of 
antibodies in the serum. Or it maybe 
that the balance between attenuation 
and virulence is tilted tqo far toward 
attenuation. Variations in the infec- 
tivity of different strains of influenza 
virus attenuated by different meth¬ 
ods are a major problem, particularly 
because infectivity depends also on 
the host’s resistance, 

In consequence of the problems of 
attenuation and infectivity, it appears 
logical to use live, attenuated virus as 
a vaccine primarily in seronegative 
persons and to use inactivated vac¬ 
cine in persons who have been previ¬ 
ously infected with a similar subtype 
of the virus. Seronegativity is greatest 
in extent when a new antigenic vari¬ 
ant arises, particularly one derived by 
antigenic shift when a pandemic is 
threatened. However, it has been 
found that attenuated viruses, which 
were apparently stable genetically 
when given to persons with previous 


Table 4. Serum Hi antibody response to A/Scotland/74 virus 


Inactivated 



HI titer 


Increase in GMT 

vaccinegiven 

No. of 

( postlmmune) 

to Al Scotland! 74 

pre-post vaccination 

(400I.U.) 

volunteers 

<20 

20-40 

60-120 

>120 

(fold increase) 

A/Scotland/74 

27 

1 

1 

3 

22 

15.0-239 (15.9) 

A/Port Chalmers/73 

25 

2 

2 

10 

11 

20.7-119(5.7) 

A/England/72 

26 

4 

7 

' 7 ■ ■ 

. 8 

10,8-63(5.8) 

A/Hong Kong/68; 

25 

14 

2 

5 

4 

11.6-25(2.1) 

B/Hong Kong/73 

31 

19 

5 

' :■ 6 ' 

1 

14.7-15.0(1.0) 

source: Potter et al, 

1977b 
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experience of infection, may give rise 
to progeny with changed biological 
properties during infection of sero¬ 
negative persons. In the case of tem¬ 
perature-sensitive vaccine viruses, the 
restriction of multiplication at 
above-normal temperatures may be 
lost on passage through humans 
(Wright et al. 1975), and although this 
property is only a marker, it is likely 
that virulence may also have been 
regained. The separate property of 
transmissibility is not well defined as 
yet, though it is of great consequence 
for the future use of live influenza 
vaccines. The concern is that trans¬ 
mission of infection from vaccinated 
seronegative persons may be en¬ 
hanced. It is also difficult to devise 
suitable methods for measuring 
transmission in a natural setting 
without the risk of creating an un¬ 
controllable situation in the commu¬ 
nity. 

The desirable properties of viruses 
used as vaccines (Murphy et al. 1976; 
Sabin 1976) constitute a formidable 
set of constraints (Table 5), and, for 
the present, it is best to admit that 
the problem of devising safe and ef¬ 
fective seed viruses for the prepara¬ 
tion of live, attenuated vaccines is 
only partly solved. The greatest 
handicap in all the work carried out 
thus far has been the lack of a reliable 
laboratory marker for virulence. Al¬ 
though temperature-sensitive vari¬ 
ants possess a marker which bears a 
relationship to attenuation, there is 
no complete equivalence between 
restricted multiplication at temper¬ 
atures above 37°C and lack of viru- 
; lent® for man. Human inoculation 
- therefore remains essential in the 
preparation of candidate vaccine 
: strains of attenuated viruses, and 

p every new recombinant prepared so 
as to incorporate new H and N anti- 
;; gens has to be tested. 

Several outstanding problems in 
preventing influenza by immuniza¬ 
tion call for further and intensive re¬ 
search. First, there is the present lack 
of ability to predict the time and na¬ 
ture of antigenic shift Second, inac¬ 
tivated vaccines are handicapped at 
times of antigenic shift by their lack 
of immunogenicity, and, during in¬ 
terpandemic periods, they are not 
capable of producing continuing im- 
p. munity. Third, it is difficult to 
: achieve infection with attenuated, 

live virus vaccines in interpandemic 
periods when there is partial residual ] 


Table 5. Theoretically desirable properties 
for live, attenuated influenza virus vac- 


Satisfactory infectivity for seronegative adults 
(serum HI < 1:8) 

Satisfactory attenuation for adults 
Capacity to stimulate local and serum antihe¬ 
magglutinin and antineuraminidase anti¬ 
bodies in seronegative persons 
Stimulation of resistance to virulent wild-type 
virus 

Relative genetic stability in vivo 
lack of communicability in man 
Replication to high titers in avian leukosis 
virus-free eggs 

Localization of temperature-sensitive lesions 
to genes that do not code for hemagglutinin 
and neuraminidase 

source; Murphy, Richman, Spring, and Chanock 
1976 


community protection; this is coupled 
with the problem of hazard from the 
progeny of attenuated viruses, par¬ 
ticularly in seronegative persons, 
owing to genetic instability and 
change in the biological properties of 
the viruses during propagation, 

Formidable problems with both in¬ 
activated and live, attenuated virus 
vaccines require continued research, 
There are those who consider that the 
benefit from existing inactivated 
vaccines is minuscule. Yet persons 
with chronic disease of the heart and 
lungs, both among children and 
adults, are at special risk from the 
lethal effects of influenza. For this 
group international opinion is 
strongly on the side of those who ad¬ 
vocate continued use of the means of 
prevention that we possess, poor 
though these may be. 
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The Generation and Application of 
Intense Pulsed Ion Beams 

Ion beams are now being used to excite high-power 
gas lasers and to form field-reversed ion rings, and 
power levels may soon be high enough for 
applications in thermonuclear fusion programs 


Out of the pulsed-power technology 
of relativistic electron beams have 
sprung a few very successful tech¬ 
niques for producing ultrahigh-power 
beams of low-atomic-mass ions. 
These beams, which typically last for 
less than a tenth of a microsecond, 
contain enough energy to melt holes 
in millimeter-thick aluminum plates 
and have sufficient current to pro¬ 
duce magnetic fields of hundreds of 
kilogauss. With the state-of-the-art 
power levels now exceeding a terawatt 
( 10 12 W) and with peak currents ex¬ 
ceeding 1.0 MA, it appears that only 
a modest extension of the present 
technology is needed to test the fea¬ 
sibility of several exciting applica¬ 
tions of these beams. 

The development of ion sources has 
been stimulated in part by their po¬ 
tential application to controlled 
thermonuclear fusion programs. 
Currently, there are several fusion 
schemes that are based on the avail- 
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ability of ultrahigh-power ion beams. 
These alternate concepts may prove 
to be simpler and more economical 
for commercial power generation 
than mainline fusion approaches such 
as magnetic confinement fusion 
(MCF) with Tokamak devices and 
laser-driven inertial confinement 
fusion (ICF). Prominent among the 
alternate concepts are MCF with 
mirror machines having a magnetic- 
field-reversed configuration produced 
by a rotating ion ring and light ion- 
driven ICF. As a result of rapid ad¬ 
vances in ion-beam technology, pre¬ 
liminary tests of these alternate con¬ 
cepts are already underway. If suc¬ 
cessful, these tests may lead, some¬ 
time during the next decade, to con¬ 
clusive proof-of-principle demon¬ 
strations of these schemes—i.e. to the 
net production of energy via fusion 
reactions. 

In addition to their potential appli¬ 
cations in the fusion program, intense 
ion beams have several other poten¬ 
tial applications. Among these are the 
excitation of powerful gas lasers for 
communications, photochemical 
processes, and research; the devel¬ 
opment of intense neutron sources for 
testing; and the breeding of fissile 
materials. 

Pulsed-power technology developed 
rapidly in the 1960s, largely to satisfy 
the need for intense flash-x-ray gen¬ 
erators. By the early 1970s, the tech¬ 
nology had reached the point where 
high-power (^24-100 GW), short- 
pulse (25-100 nsec) generators were 
available at several laboratories and 
universities. Researchers began cou¬ 
pling these generators to field-emis¬ 
sion vacuum diodes to produce high- 
current (~100 kA), high-voltage (-1 
MV), intense relativistic electron 
beams (IREB). About eight years ago, 


scientists began to realize that these 
generators could also be used to pro¬ 
duce intense pulsed ion beams. Since 
then, the development of ion sources 
has been extremely rapid. Now, pro¬ 
ton beams with currents in excess of 
1 MA and current densities of 300 
kA/cm 2 have been produced at volt¬ 
ages of 1-2 MV, with pulse durations 
of 20-100 nsec. 

Both the new sources for intense 
pulsed beams and conventional ion 
accelerators utilize an electric field to 
accelerate the ions. However, con¬ 
ventional accelerators produce con¬ 
tinuous or long-pulse beams, as op¬ 
posed to the submicrosecond pulses 
of the intense beams. As a result, 
conventional systems employ high- 
voltage power supplies such as Van de 
Graaff, Cockcroft-Walton, and mul¬ 
tistage tandem generators. Typical 
accelerating voltages are 140 MV, 
and beam currents 51 mA and power 
<1 kW are produced. Intense beam 
sources, on the other hand, are com¬ 
monly powered by pulse-forming 
transmission lines charged by Marx 
generators. The short ion pulses 
commonly have a 25-100 nsec dura¬ 
tion, energies of 0.1-2 MV, and cur¬ 
rents of 1 kA-1 MA, Even with pulse 
generators of modest size, ion-beam 
power levels well above 1 GW are 
routinely produced. 

By contrast, conventional particle 
accelerators of comparable power (rf 
linacs, synchrotrons, and storage 
rings) operate in a higher energy re¬ 
gime (100 MeV-100 GeV). State- 
of-the-art conventional accelerators 
have produced proton currents of 
20-50 A at 1 GeV (storage rings) and 
~1 A at ~100 MeV (rf linacs). Re¬ 
cently, induction linacs have been 
proposed, to generate heavy-ion 
beams with 10 kA current, 10-20 GeV 
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energy, and 10 nsec duration for in¬ 
ertial confinement fusion (/). How¬ 
ever, existing induction linacs have 
been used only to accelerate elec- 


The development of intense pulsed 
ion-beam sources has proceeded 
along two different paths. The first 
entails collective acceleration (2) and 
uses the negative space charge asso¬ 
ciated with an unneutralized IREB to 
accelerate ions. If the electron density 
of the beam is large enough, a sizable 
electrostatic potential well is formed. 
Positive ions with kinetic energy less 
than the well depth are trapped in the 
well, and, if the well is accelerated, so 
are the trapped ions. The ions in such 
a device can attain energies that are 
much higher than the electron energy 
attained in the diode. Protons have 
been accelerated to energies ten to 
twenty times higher than electrons, 
and accelerating electric fields of HO 
MV/cm have been realized. However, 
the ion current in collective acceler¬ 
ators is generally much smaller than 
that in ion diodes because of dif¬ 
ficulties in loading the ions into the 
well and keeping them trapped dur¬ 
ing its acceleration. 

The goal in current research is to ex¬ 
tend the length over which the large 
accelerating field acts from the few 
centimeters in present devices to a 
few meters. Several schemes are being 
actively pursued. These include 
electron ring accelerators (University 
of Maryland; Max Planck Institute in 
Garching, West Germany; and the 
Joint Institute for Nuclear Research, 
Dubna, USSR); wave accelerators 
using cyclotron or plasma waves on an 
IREB (Austin Research Associates, 
Naval Research Laboratory [NRL], 
Cornell University, and Los Alamos 
Scientific Laboratory); controlled 
potential wells associated with the 
front of a propagating IREB (Sandia 
National Laboratories, University of 
California at Irvine, Lebedev Physical 
Institute, NRL, and North Carolina 
State University); and vacuum (Luce) 
diodes (Lawrence Livermore Na¬ 
tional Laboratory [LLNL], Air Force 
Weapons Laboratory, and University 
of Maryland). 

The second, more successful ap¬ 
proach to generating intense pulsed 
ion beams, which is the one that we 
shall deal with in this article, is based 
on the acceleration of ions within 
vacuum diode-like sources. The ions 
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originate in a plasma that is produced 
on the surface of the anode and are 
accelerated by the applied potential 
toward a real or a virtual cathode (i.e. 
a virtual surface at the potential of 
the cathode). The ions form a beam, 
and their kinetic energy is equal to 
ZeV, where Ze is the electrical charge 
of the ions, and V is the applied po¬ 
tential. Normally in such devices, 
most of the current is carried by the 
electrons, because they are consider¬ 
ably lighter than the ions. Therefore, 
efficient generation of ion beams re¬ 
quires suppression of the electron 
current. The details of the various 
methods for producing the anode 
plasma, extracting the ions, and 
suppressing the electron current are 
described below. Although many of 
the recently developed ion sources 
have more than two electrodes, e.g. 
triodes, tetrodes, etc., the devices are 
generically referred to as ion diodes. 

Efficiency of ion sources 

In a typical field-emission IREB 
vacuum diode (Fig. 1), the cathode, K, 
is connected to the negative output 
terminal of a pulse generator (Marx 
generator and pulse-forming trans¬ 
mission line). The anode, A, is usually 
spaced approximately a centimeter 
away from the cathode. When the 
generator is pulsed, a strong electric 
field (10 5 -10 6 V/cm) develops be¬ 
tween A and K. Field emission of 


electrons occurs because of the very 
large electric field enhancement at 
microprojections (called whiskers) on 
the cathode surface, For several 
nanoseconds these whiskers carry 
current, are heated ohmically (I 2 R), 
and eventually explode. As a result of 
many such explosions, the surface of 
the cathode becomes covered with a 
plasma. Electron emission then oc¬ 
curs over the entire surface. The 
electrons accelerate along electric 
field lines toward the anode, pass 
through it, and form a drifting elec¬ 
tron beam. The presence of an elec¬ 
tron space charge between A and K 
modifies the applied potential, and 
the total electric field can be reduced 
to zero at the cathode, in which case 
the space charge limits the electron 
flow across the gap. This is called 
Child-Langmuir flow after the one¬ 
dimensional model which predicts 
that the current, I, is proportional to 
V 3/2 /d 2 , where V is the applied po¬ 
tential, and d is the width of the A-K 


In a similar fashion, ions extracted 
from the plasma on the anode surface 
flow into the gap. The ion space 
charge also modifies the electric field, 
and so both the electron and ion cur¬ 
rents are space charge-limited; this is 
called bipolar space charge-limited 
flow. A one-dimensional theoretical 
model predicts that the current of 
nonrelativistic electrons and ions is 
given by 



Figure 1, The planar diode shown in this 
schematic diagram consists of an anode, A, and 
a cathode, K, The cathode is connected to the 
negative output terminal of a pulse generator 
(~V). When the generator is pulsed, a strong 
e ectric field, E, develops between A and K, and 
electron emission eventually occurs over the 
whole cathode surface. The electrons accelerate 
along electric field lines toward the anode, pass 
through it, and form an intense relativistic 
electron heam (IREB). Similarly, ions from the 
plasma on the anode surface flow into the A-K 
gap. In principle, the ions could be extracted 
through a thin foil or screen cathode, 


Ie = 0.093 j Ay3/2/ d 2( e s<u ) 

- 4.32 X 10“ 6 A V' 3 /2/d 2 amps (1) 
(V in volts, d in cm) 


k/U = ( 2 ) 

where m e and M* are the electron and 
ion masses respectively, and A is the 
emitting area in cm 2 . 

Since the electric field is approxi¬ 
mately zero at the electrodes, Gauss’s 
law requires that the net electrical 
charge within the diode be equal to 
zero, i.e. Q e = %. Because the average 
current of each species is the charge 
divided by the residence time within 
the device, r e( p, the ratio of the ion 
current, & to the electron current, I ei 

IS (o) 


Figure 2. In the reflex triode (left), the elec¬ 
trons emitted from the cathode, K, pass 
through the anode, A, and then oscillate in the 
potential valley between the cathode and the 
virtual cathode, VC. The ions extracted from 
the plasmas that form on the anode surfaces 
are accelerated by the electric field toward both 
K and VC, and those that pass through VC 
form a drifting ion beam. In the reflex tetrode 
((.■enter), no plasma forms on the surface of Ai 


In Eq. 3, 7 e [i) is approximately equal 
to the characteristic path length, 4(/), 
divided by the average velocity, v e (i), 
For a planar diode, l e = I; - d, and 
Vi/v e = [mJMi]V‘ 2 . Substitution into 
Eq. 3 yields Eq. 2. For protons, Eq. 2 
predicts that the ratio of proton to 
electron current (/;//<>) is only 2.3%. 
Clearly something must be done to 
increase the kH e ratio if the ion pro¬ 
duction is to be efficient. According to 
Eq. 3, this can be accomplished by 
increasing the electron residence time 
inside the device. So far, this has been 
achieved by three different methods: 
reflexing, pinching, and magnetic 
insulation, in each of which the elec¬ 
trons are made to travel a longer dis¬ 
tance. Because the electrons are rel¬ 
ativistic for most of their path length, 
their average velocity is a large frac¬ 
tion of the speed of light. Thus, each 
of the techniques results in an in¬ 
crease in T e . However, in the case of 
magnetic insulation, the electron- 
conduction current can be almost 
totally suppressed. 

Electron reflexing devices 

The first successful intense ion-beam 
source using electron reflexing was 
the reflex triode (Fig. 2). This device 
usually consists of a cathode, an 
anode made of a thin plastic sheet 
that is semitransparent to relativistic 
electrons, and a virtual cathode. 


m 

facing the cathode, and ions from the plasma 
that forms on the surface of the second anode, 
ki, flow toward the virtual cathode, VC, and 
the first anode, A], Because the ions arrive at 
Ai with zero axial speed, they are unable to pass 
through Ai into the A[-K gap, and thus the flow 
of ions is almost unidirectional. In the inverse 
reflex tetrode (right), application of a positive 
pulse to the anode results in the emission of 
electrons from the stainless steel mesh cathode, 


When a positive potential pulse is 
applied to the anode, electrons are 
emitted from the cathode and are 
accelerated toward, and pass through, 
the anode. The space charge of the 
electrons that have passed through 
the anode modifies the applied elec¬ 
tric field, so that along a virtual sur¬ 
face the potential is reduced to zero, 
The locus of points where this occurs 
is called the virtual cathode. The 
electrons stop when they reach the 
virtual cathode and are accelerated 
back toward the anode. Since the 
electrons lose energy and scatter 
when they pass through the plastic 
anode, they cannot return to the 
cathode. Instead, they oscillate in the 
potential valley bounded by the 
cathode and the virtual cathode. With 
each pass through the anode, the re¬ 
flection point gets closer to the anode, 
and eventually, the electrons are ab¬ 
sorbed in the anode. 

Several nanoseconds after electron 
reflexing begins, plasmas form on the 
surface of the anode. These plasmas 
are thought to result primarily from 
flashover discharges on the anode 
surfaces. Ions extracted from these 
plasmas are accelerated toward both 
the cathode and the virtual cathode. 
The ions that pass through the virtual 
cathode form a drifting ion beam. The 
positive potential of the propagating 
ion beam drags electrons from the 


K, These elections pass through the anode foil, 
A, and form a virtual cathode, VC, between A 
and the plate, G, that terminates the anode 
metal cylinder, Some of the electrons are 
transmitted from VC to G, and the remainder 
reflex through the anode foil Protons extracted 
from the plasmas that form from the anode foil 
travel toward VC and K, and most of them pass 
through K and enter the drift region. 


virtual cathode. Thus, the ion heam, 
with its comoving electrons, has al¬ 
most zero net charge and net cur¬ 
rent. 

The reflex triode was first demon¬ 
strated in 1974 by Humphries and 
co-workers at Cornell University (4), 
using an anode consisting of an array 
of polymer or polymer-coated fila¬ 
ments. Improvements in anode de¬ 
sign soon followed in experiments by 
Golden and Kapetanakos at NRL (5) 
and by Prono and co-workers at 
Physics International Company (6). 
Then in 1976, Golden, Kapetanakos, 
and colleagues at NRL (7) increased 
the modest power levels of these early 
proton beams to the 0.25-TW power 
level (0.25 MA peak, 1.0 MV), using a 
coaxially configured, low-inductance 
reflex triode. Low inductance is re¬ 
quired if the source is to be used as a 
load for an ultrahigh-power, low- 
impedance pulse generator. 

For most of these experiments, the 
ratio of the extracted proton current, 
I p> to the total current, I total—'- he. the 
proton generation efficiency, e—was 
less than 30%. This limited efficiency 
was primarily due to the fact that 
only those ions flowing toward the 
virtual cathode were extracted and 
used, while the ions flowing toward 
the cathode were lost. An important 
parameter is IV, the number of times 
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a typical electron passes through the 
an °de. In the limit of large N, e ap¬ 
proaches one-half. N is large for large 
a Pplied potential or for very thin an¬ 
odes. However, other factors can limit 
N- Transverse components of the 
applied and self-electric fields and 
self-magnetic fields produced by the 
current flowing between A and K can 
the electron trajectories mul¬ 
tidimensional. The electrons then 
approach the anode obliquely and 
scatter more quickly than at normal 

incidence. 

Another consideration is the match¬ 
ing of a reflex triode to the pulse 
generator. If N is large, then a great 
accumulation of electron space charge 
piles up near the anode. This causes 
most of the potential drop in the A-K 
gap to take place close to the anode 
(sec Pig. 2). The large ion current 
emitted from the anode neutralizes 
the electron charge, so that even more 
electron current can be emitted. The 
result is a boot-strapping effect that 
produces a dramatic increase in the 
total current. However, as the im¬ 
pedance drops, the load cannot re¬ 
main matched to the pulse generator. 
As the mismatch worsens, the load 
voltage drops, and this eventually 
limits N and Ip. This mode of opera¬ 
tion was first reported by Prono and 
co-workers at LLNL (8) and has been 
observed by researchers in other 
laboratories. It is typical of the o'ne- 
dimensional electron flow that can 
occur' in small A-K gaps and with 
large applied axial magnetic fields. 

To improve upon the low efficiency of 
the reflex triode, we invented a device 
called the reflex tetrode (see Fig. 2) 
(9). In the tetrode, two anodes are 
used. The material for Ai, the anode 
facing the cathode, K, is such that 
plasma formation on the surface fac¬ 
ing the cathode is inhibited (e.g. a 6 
jum-thick aluminized Mylar film), 
thereby limiting the number of ions 
that can flow in the A r K gap. The 
second anode, A 2 , is made of a thin 
polymer sheet (e.g. 12.5 /tm-thick 
polyethylene), which is a good Source 
of plasma. Ions flow toward the vir¬ 
tual cathode and the first anode, Ai. 
However, the ions traveling away 
from the virtual cathode arrive at Ai 
with zero axial speed and therefore 
cannot pass through A* into the Ai-K 
gap. As a result, the reflex tetrode has 
an approximately unidirectional flow 
and avoids the impedance-matching 
difficulties of the reflex triode. Fur- 
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thermore, the reflex tetrode has 
nearly twice the efficiency of the re¬ 
flex triode, At both NRL and Tomsk 
(10), efficiencies as high as 55% have 
been achieved. 

Because the quality of the ion beam 
produced by a reflex tetrode is in¬ 
fluenced by the nonuniform electric 
field that results from the noncopla- 
nar anode-virtual cathode gap, an¬ 
other reflexing device, the inverse 
reflex tetrode (IRT), was developed 
(see Fig. 2) (11). This ion source con¬ 
sists of a grounded cathode screen 
and a positively biased anode metal 
cylinder that is terminated at one end 
by a plate, G. An anode foil, A—usu¬ 
ally a thin polyethylene sheet—is at¬ 
tached to the other end of the anode 
cylinder. An externally applied mag¬ 
netic field may be used to confine the 
electron flow radially in the device. 

When a positive pulse is applied to 
the anode, electrons are emitted from 
the stainless steel mesh cathode, K, 
pass through the anode foil, and form 
a virtual cathode, VC, between A and 
G. Some of the electrons are trans¬ 
mitted from VC to G, and the rest 
reflex through the anode foil until 
they are absorbed by it or are lost to 
the walls of the anode cylinder. Pro¬ 
tons are extracted from the plasmas 
that form from the anode foil and 
travel toward VC and K. If inductive 
effects are neglected, the potential at 
G is the same as that of the anode, 
and the ion current striking G is zero. 
Most of the ions emitted toward K, 
however, pass through the coarse 
screen and enter the drift region. The 
IRT exhibits the attractive feature of 
operating with a nearly constant im¬ 
pedance during an appreciable por¬ 
tion of the voltage pulse. Because the 
IRT can be matched better to the 
generator, the number of protons and 
their average current are larger than 
those for a reflex tetrode. Pulses of 
1-1.5-MeV protons with peak cur¬ 
rents of -0,5 MA and containing 6-7 
X 10 16 protons have been produced 
recently by an IRT powered by the 
Gamble II generator at NRL. The 
power level of such a proton beam 
exceeds 0.5 TW. 

Pinched electron-beam 
diode ion sources 

Another method for enhancing the 
ratio of ion to electron current is to 
increase the electron residence time 
by pinching the electron flow. Here, 


pinching means that the electrons 
emitted at large radii on the cathode 
move radially inward while crossing 
the anode-cathode gap, so that the 
electron flow at the anode is highly 
concentrated near the axis. Further¬ 
more, pinching can be combined with 
reflexing to produce ion beams with 
even higher efficiency and intensity, 

According to the one-dimensional, 
bipolar, space charge-limited flow 
(Child-Langmuir) model, the diode 
impedance varies as d 2 , where d is the 
anode-cathode (A-K) spacing (Fig. 3). 
However, as the impedance is re¬ 
duced and the current, I, is increased, 
the azimuthal self-magnetic field, S 0l 
becomes larger. This self-field acts on 
the electron motion in such a way that 
the electron trajectories become 
curved rapidly inward toward the axis 
of the device. With a sufficiently large 
current, the electron velocity turns 
through 90° and no longer has any 
axial velocity component. Such cur¬ 
rents can be achieved in diodes hav¬ 
ing a high aspect ratio (the cathode 
radius, r, divided by the gap, d). 

Departure from the Child-Langmuir 
model was observed over a decade ago 
and was labeled parapotential 
flow—Le. flow along potential sur¬ 
faces rather than along electric field 
lines (12). Then in 1972-75, experi¬ 
ments with high aspect-ratio diodes 
(13-15) were conducted that dem¬ 
onstrated the dramatic collapse of the 
electron flow. The phenomenon be¬ 
came known as the superpinch, and 
current and power densities at the 
anode exceeding 10 5 A/cm 2 and 10 10 
W/em 2 respectively, were achieved. 
Often, a deep crater was blasted in the 
center of a “witness” target. 

The role of ions in the formation of 
the superpinch was not appreciated 
initially. However, it has been shown 
in a model of high aspect-ratio diodes 
(16) that without ions in the A-K gap, 
only weak pinching occurs. Experi¬ 
ments have shown that the rate of 
collapse of the electron flow toward 
the axis depends on the rate of anode 
plasma production (17), It is from this 
plasma that ions are extracted and 
accelerated toward the cathode. 
Computer simulations at NRL and 
Sandia Labs (18-20) have shown that 
the ions act to neutralize the negative 
space charge of the electrons, partic¬ 
ularly near the anode and in the vi¬ 
cinity of the axis. This permits a 
larger current, and therefore a 


stronger magnetic field, in the device. 
More important, it allows the elec¬ 
trons to move in a nearly radial di¬ 
rection in the vicinity of the anode. 
Consequently, the ratio of ion to 
electron current for bipolar planar 
flow, Iilh, is enhanced by the ratio 
r/d when strong pinching occurs, and 
Eq. 3 predicts that 



where is the ratio of the ion velocity 
at the cathode to the speed of light 
Since the electrons are relativistic, |fl 
is approximately the ratio of the ion 
and electron velocities. For a large 
aspect ratio and high voltage, this 
ratio is near unity. For example, with 
rid -30 and |5 -1/20 (corresponding 
to V -1.2 MV), Eq. 4 predicts Ii/I e 
-0.75. 

By using an annular cathode or a thin 
polymer foil cathode, the ions flowing 
across the A-K gap can be extracted 
through the cathode as a beam. 
Pinched-electron diodes have been 
successfully used to generate ion 
beams by researchers at NRL (21), 
Sandia Labs (22), Cornell University 
(23), and Physics International 
Company (24), 

Experiments have shown that use of 
a thin anode foil results in some re¬ 
flexing along with the pinching. This 
combined action further increases the 
electron residence time. In recent 
experiments performed in collabo¬ 
ration by researchers at Physics In¬ 
ternational Company and NRL (25), 
beams of protons or deuterons have 
been produced that have a current of 
I MA and an energy of 2 MeV, corre¬ 
sponding to an ion-beam power of 2 
TW. Furthermore, because of the 
intense flow of electrons near the axis, 
these diodes appear to be well-suited 
to the production of high current- 
density, solid beams. Using a hemi- 
spherically shaped anode and cath¬ 
ode, ballistically focused proton 
beams with a peak current density 
exceeding 300 kA/cm 2 have been 
produced (26). 



Figure 3. In the pinched-electron diode, the radius, the annulus of the electron flow moves 

azimuthal self-magnetic field, Bo acts on the radially inward. The rate at which this hollow 

electrons in such a way that most electrons ring of electrons collapses onto the axis de- 

emitted far from the axis move radially inward pends in part on the rate of anode plasma 

while traversing the anode-cathode gap. Early production. Ions from the anode plasma are 

in the applied voltage pulse, most of the elec- accelerated toward the cathode and pass 

tron flow is axial and occurs in an annular re- through it to form a drifting beam. When the 

gion at large radius. Later in the pulse, when cathode radius is much larger than the gap 

the current flowing in the gap and Bo are both between the anode and the cathode, the ion 

higher and when plasma has formed at a large current can exceed the electron current. 


almost completely suppressed, then is illustrated in Figure 4. Ions are ex¬ 
it is possible to obtain a very high tracted from the diode through the 
ion-production efficiency. As an ex- cathode, which may be a wire mesh or 
ample, for an applied potential V = a metal plate with openings to let the 
1 MV and d = 1 cm, the minimum ions pass through. In constructing a 
magnetic field B* = 5kG. Since the MID, great care must be taken to 
ions to be accelerated across the gap keep the magnetic field lines parallel 
are much more massive than the to the electrode surfaces. If a field line 
electrons, their gyroradius in the ap- intersects both the anode and the 
plied field is much larger, and they electron sheath, then electrons can 
cross the diode while undergoing only stream along that field line, thereby 
slight deflection. shorting the diode. 

Ion generation by magnetically, insu- For very large applied magnetic fields 
lated diodes was first proposed by (B 0 » B*), the electrons are confined 


Magnetically insulated 
diode ion sources 

The third type of ion source, the 
magnetically insulated diode (MID), 
employs a magnetic field parallel to 
the faces of the electrode to prevent 
electrons from crossing the anode- 
cathode gap. If the electron current is 


Winterberg (27), later by Rostoker 

(28) , and then by Sudan and Lovelace 

(29) . The devices were developed at 
Cornell University (30, 31) and have 
been operated at high power levels at 
Sandia Labs (32), where ion beams of 
400 kA/cm 2 at 2 MV have been pro¬ 
duced with 80% efficiency (33). 

A planar magnetically insulated diode 


very close to the cathode, and the 
extracted ion current is limited to the 
Child-Langmuir value. However, if B 0 
is only slightly larger than B *, the 
electron charge is enhanced, because 
the electrons move closer to the 
anode. Consequently, the ion current 
is enhanced. This behavior has been 
predicted theoretically (34) and ob¬ 
served experimentally. Ion current 


1981 March-April 177 



densities five to ten times greater 
than the Child-Langmuir value have 
been obtained. In addition, MIDs are 
attractive for long-pulse operation, 
because the applied magnetic field 
also acts to impede plasma motion 
across the gap. In the microsecond- 
long pulse experiments at Cornell 
(35), these enhanced ion current 
densities have resulted in the pro¬ 
duction of 4.5 X 10 13 protons/cm 2 . 
Table 1 gives the state-of-the-art of 
pulsed ion sources. 

Applications of intense 
ion beams 

In the sections that follow we shall 
review the concepts and the present 
status of some promising applications 
of intense ion beams. The recent im¬ 
pressive advances in the generation of 
ion beams suggest that in the near 
future ion beams will be available at 
the power levels required for appli¬ 
cation to thermonuclear fusion. At 
the power levels currently available, 
ion beams have been used at NRL to 
form transient, field-reversed ion 
layers and to excite high-power gas 
lasers. In addition, ion beams in the 
MeV energy range have been focused 
to current densities in excess of 300 
kA/cm 2 . 

Gas lasers have been envisioned as 
drivers for inertial confinement fu¬ 
sion, isotope separation, and under¬ 
water communications and sensing. 
The gas lasers to be used in these ap¬ 
plications (36) must have high power 
and efficiency, as must the means of 
putting energy into the gas-i.e. the 
excitation source, or “pump.” 


K 



Figure 4. In the magnetically insulated diode, 
electrons are prevented from reaching the 
anode by application of a strong magnetic field, 
B 0 , parallel to the electrode surfaces. Ions from 
the anode plasma are accelerated by the elec¬ 
tric field, E, and pass through the cathode, thus 
forming a beam. Because of the suppression of 
the electron current, ion production is ex¬ 
tremely efficient. 


It is expected that p-beam-pumped 
lasers may operate at lower gas pres¬ 
sures than e-beam-pumped lasers, 
pressures at which absorption by the 
diluent gas is reduced. Alternatively, 
it may be possible to achieve higher 
ionization densities at a given pres¬ 
sure, and so more compact, new, or 
more efficiently pumped lasers may 
be possible. 

Proton-beam pumping of N 2 and XeF 
molecules has been demonstrated in 
experiments performed at NRL. The 
apparatus for these experiments is 


shown schematically m i< igure b. 1 tie 
proton source was a reflex tetrode 
that produced a 450-keV proton 
beam with a current density of ~10 
A/cm 2 and a duration of 50 nsec. The 
beam was passed through a thin 
Mylar foil into a gas mixture at a 
pressure of about 1 atm. An optical 
cavity was formed by two spherical 
mirrors outside the-gas cell, and a 
magnetic field was used to improve 
the performance of the reflex tetrode 
and help transport the beam to the 
gas cell. 

The first demonstration of a p- 
beam-excited laser was achieved in 
1978, when stimulated emission at 
357.7 and 380.5 nm was observed in 
an Ar/N 2 gas mixture (38). This laser 
has since been examined further at 
Cornell (39). Proton-beam pumping 
of the XeF laser, one of the promising 
rare gas-halide lasers, has been 
studied recently at NRL. In this ul¬ 
traviolet laser, the dependence of the 
output energy on the input energy 
and also on the transmission of the 
output mirror (i.e. the coupling) was 
measured (40). Many similarities 
with e-beam pumping have been ob¬ 
served. However, unlike the e-beam- 
pumped XeF laser, the p-beam- 
pumped laser can successfully use 
helium as a diluent gas. With a gas 
consisting of 97% Ar, 2.6% Xe, and 
0.4% NF 3 , at a pressure of 1 atm, the 
efficiency was found to be ~ 2 , 7 % 
when the output coupling was 6 %. 

Although these preliminary results 
are promising, a number of problems 
must be overcome if higher power 
levels are to be achieved. As with e- 


Many lasers of current interest, ex- 
cimer lasers, for example, use an in¬ 
tense pulsed relativistic electron 
beam as the pump. Typically, these 
lasers rely on the ionization of a rare 
gas by the electron beam (e-beam) to 
create ultimately tHe upper-state 
population of the laser. However, as 
Ah* (37) has pointed out, the use of 
proton beams (p-beams) for laser 
excitation appears attractive, because 
the ionization per unit path length by 
protons in rare gases is greater than 
that produced by electrons of the 
same energy. On the other hand, the 
advantage of protons over electrons, 
which results from their high-energy 
deposition per unit volume, must be 
balanced against the lower efficiency 
with which proton beams can be 
produced and delivered to the gas. 


Table 1. State-of-the-art of pulsed ion 

sources 


—-- 

Source 

Voltage 

(MV) 

Current at 

Ion peak 
( kA) 

Duration 

(nsec) 

Lab 

Reflex triode 

1.2 

0,3 

200 

150 

50-60 

160 

NRL 

LLNL 

Reflex tetrode 

1.2 

250 

50-60 

NRL 

IRT 

1.5 

500 

50-60 

NRL 

Pinched-electron 

diode 

MID 

1.3 

2.0 

2.0 

700 

1,000 

400 

50-60 

100 

85 

NRL 

NRL/PI® 

Sandia 
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nanosecond (Fig. 6 ). This means that 
the gas within the pellet must be 
compressed by a factor of about 10 5 to 
a density more than one hundred 
times its solid density. Compression 
can be achieved by irradiating the 
outer layer of a pellet so that it ablates 
explosively. This ablator layer im¬ 
parts inward momentum to an inner 
shell (sometimes called a pusher), 
which is driven inward and com¬ 
presses the deuterium/tritium fuel. 
The inward inertia of the interior 
shell, or shells, results in confinement, 
and hence the name ICF. The means 
used to deliver the momentum to the 
pellet is called the driver. 


Figure 5. In the first proton beam-excited laser, 
of which this is a schematic representation, the 
proton source was a reflex tetrode, and the 
beam was passed through a thin Mylar foil (3 


beam pumping, there is a limit to how 
much ionization and energy deposi¬ 
tion can be utilized efficiently. At very 
high pump powers, processes occur 
that can destroy the upper laser-level 
population. Because of the higher 
deposition for protons, these pro¬ 
cesses may restrict the maximum 
useful p-beam current density. 

Apart from the detailed kinetics, 
there are also technological problems, 
which include the loss of proton en¬ 
ergy in the foil window, the support of 
a thin foil against a gas pressure of 
several atmospheres, matching the 
p-beam shape with a practical laser 
shape, and coping with the large laser 
output power densities that are ex¬ 
pected because of the compactness of 
p-beam-pumped lasers. It appears 
that most of these difficulties can be 
minimized by utilizing protons with 
higher energy—i.e. in excess of I 
MeV. The increase in proton range 
with higher energy permits the use of 
thicker foils, with lower energy loss in 
the foil. Increased range also permits 
a larger laser aperture to be used. For 
a given laser output power, the power 
density can be reduced, so that dam¬ 
age to the laser mirrors may be 
avoided. 

Inertial confinement 
fusion 

The product of density, n p , and 
plasma confinement time, r c , re¬ 
quired for a 10-keV plasma by the 


pan thick) into an Ar/5% N 2 gas mixture, 
Stimulated emission was observed at wave¬ 
lengths of 357.7 and 380,5 nm. 


Lawson criterion for fusion break¬ 
even can be achieved by confining a 
low-density plasma for a long time 
(e.g, density n p = 10 14 /cm 3 , confine¬ 
ment time t c = 1 sec), as in magnetic 
confinement fusion devices (i.e. 
Tokamaks and mirror machines), or 
by confining a very dense plasma for 
a very short time, as in inertial con¬ 
finement fusion (ICF). In order to 
obtain the required n p r c , a hollow 
pellet, a few millimeters in diameter, 
filled with a deuterium and tritium 
mixture, must be compressed to a 
density ~ 10 24 /cm 3 for.less than a 



Figure 6. In one type of target pellet for ion 
beam-driven inertial confinement fusion, the 
ion beam ablates an outer layer of the pellet. 
The exploding ablator transfers momentum to 
the pusher, which compresses the deuterium/ 
tritium (DT) fuel as it implodes. The inward 
inertia of the interior shell results in confine¬ 
ment. 


At present, lasers, electrons, light 
ions, and heavy ions are being inves¬ 
tigated as drivers. Lasers are the 
leading candidates, because ex¬ 
tremely short pulses of high-power 
laser radiation can be focused easily 
onto the small pellets, using systems 
of mirrors and lenses. Lasers, how¬ 
ever, are more expensive and ineffi¬ 
cient than particle beams. They cur¬ 
rently cost about $500/joule and at 
least I MJ is required for energy 
break-even (41). The two leading ICF 
laser candidates are neodymium-glass 
lasers, which have efficiencies of less 
than 1 %, and carbon dioxide lasers, 
which have efficiencies of less than 
about 10%. On the other hand, heavy 
ion-beam accelerators may have very 
high efficiencies, but they are ex¬ 
pected to have high capital costs. By 
contrast, light ion-beam or electron- 
beam generators can have an effi¬ 
ciency of 25-50% and a moderate cost 
of $10-100/joule (41,42). 

Major technological problems must 
be overcome if particle beams are to 
be viable drivers for ICF. These 
problems include generating particle 
beams at power levels of ~10 14 W, 
transporting such beams away from 
the source, focusing them onto the; 
target, and operating pulsed-power 
generators at high repetition rates 
and high average power. To compress 
a pellet, it is necessary to deposit en¬ 
ergy close to its surface, e.g. in the 
ablator. If too much energy is depos¬ 
ited deep inside the pellet, then the 
inwardly moving material must push 
against the pressure exerted by the 
■ heated inner region; this problem is 
called preheating. 

Electron-beam drivers are limited to 
energies below a few MeV, in order to 
avoid preheating. Even with the use 
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of the self-magnetic field of the beam 
to reduce the range of the electrons 
and stop them in a thin outer layer of 
the pellet, an effect observed by re¬ 
searchers both at the I. V. Kurchatov 
Institute, USSR (43), and at Sandia 
Labs (44), an electron beam with en¬ 
ergy less than 3 MeV and power in 
excess of 100 TW is needed. Such 
power levels could he achieved by 
generating many lower-power beams, 
using modular generators with an 
impedance of about 1 ohm. However, 
transporting the electron beams from 
the generators, then overlapping 
them onto the target pellet, does not 
seem to be feasible. 

Ion-beam drivers appear to be an at¬ 
tractive alternative, For charged 
particles of the same energy, more 
massive particles have a shorter 
range. Therefore, ions with higher 
energies can he used instead of elec¬ 
trons. Furthermore, because the ions 
are not relativistic, the ion pulse may 
be bunched during transport to ob¬ 
tain power multiplication. Conse¬ 
quently, the pulse generator used to 
produce the ion beam can have a 
higher impedance and a longer pulse 
length. For example, a net-energy- 
break-even demonstration of ICF 
could be performed with 200 TW of 
beam power delivered to the pellet by 
2-o-MeV proton beams. Beams with 
such parameters could be obtained 
with a pulse generator of 10 to 100 
modules. If bunching were to provide 
power multiplication by a factor of 
~4, each of these modules would have 
an impedance of a few ohms (45] 
46). 

Another reason for using an ion-beam 
driver is that sources can be made in 
which the ions carry most of the cur¬ 
rent. Pinch-reflex diodes studied at 
NRL (26) produce ~1-TW proton 
beams with I t H Mal -0.6. It is ex- 
pected that the ion generation effi¬ 
ciency of this type of source will im¬ 
prove with an increase in the power 
level. Magnetically insulated diodes 
can also have high efficiencies, 
Johnson and coworkers at Sandia 
Labs (32) have reported a MID with 
an efficiency e -80%. 

In order to compress a pellet to ther¬ 
monuclear conditions, more than 100 ’ 
TW of beam power must be delivered 
to the pellet with a power density of 
-30-100 TW/cml When 40 beams of 
4-MeV ions are overlapped on the 
target, each beam must be focused to 


a current density at the pellet of £0.6 
MA/cnvl Several focusing methods 
have been proposed and are being 
investigated experimentally at NRL, 
Cornell, and Sandia Labs. These in¬ 
clude ballistic or geometric focusing, 
using curved-diode electrodes, and 
self-focusing, using the azimuthal 
self-fields. 

Because of the azimuthal self-mag¬ 
netic fields produced by the electron 
and ion currents in the diode and by 
the propagating beam, self-focusing 
can occur even when the beam is 
generated in a planar diode. In addi¬ 
tion, when curved electrodes are used, 
the electric field in the A-K gap has a 
radial, as well as an axial, component. 
By shaping the electrodes properly, 
the amount of radial force exerted on 
the ions can, in principle, be adjusted 
so that the ion trajectories converge. 
Such focusing has been demonstrated 
by Cooperstein and co-workers at 
NRL, using a pinch-reflex diode with 
spherically curved electrodes (26). By 
injecting the beam into a short gas- 
filled drift region (-1Torr), plasma 
was produced, which facilitated 
neutralizing the current of the ion 
beam. This allowed the beam to drift 
force-free to a focus about 10 cm away 
from the diode. From measurements 
of the neutrons from deuteron-deu- 
teron reactions induced by a deuteron 
beam in small deuterated polyethyl¬ 
ene (CD 2 ) targets, Cooperstein and 
his colleagues inferred peak deuteron 
current densities of 300 kA/cm 2 . At 
Sandia Labs, Johnson and co-workers 
(33) used geometric focusing of beams 
produced in an annular, curved- 
electrode MID to obtain focused ion 
beams with peak current densities 
well above 400 kA/cm 2 , 

It is also necessary that the ion beam 
be propagated some distance (£1 m) 
away from the generator, because the 
intense radiation flux from the ther¬ 
monuclear reaction can damage it. 
Various methods of transporting the 
ion beams are being investigated at 
NRL (46) and Sandia Labs (47). 

A promising approach is to transport 
the beam through a plasma channel 
of small diameter. One technique for 
establishing the plasma channel is to 
strike a z-discharge—-a pulsed dis¬ 
charge produced by an axial cur¬ 
rent—in a neutral gas (48). Experi¬ 
ments have been performed by San- 
del and co-workers at NRL, using N 2 
or He gas at a pressure of 0.2-2.0 


Torr. So far, most ol tne paracwu 
have been transported up to 1.5 m, 
but there is an energy loss (49). This 
loss amounts to about 200 keV of the 
initial 1.4-MeV ion energy. The en¬ 
ergy loss is thought to be the result of 
both collisions with the gas molecules 
and the electric field produced by 
return currents and plasma expan¬ 
sion, and is still being investigated, 
Other techniques have been proposed 
for producing the plasma channel. 
For example, plans are being made at 
Sandia Labs to use laser-initiated 
discharges. 

Although very high ion current den¬ 
sities have already been achieved, an 
additional factor of thirty in the beam 
power density delivered to a target is 
still needed. Part of the required in¬ 
crease in power may be obtained by 
bunching the ions within a pulse. This 
can be accomplished by applying a 
temporally increasing potential to the 
ion source. As the faster ions at the 
end of the pulse catch up to the front 
of the pulse, the beam pulse will 
shorten, but the power will increase, 
This bunching, along with the over¬ 
lapping of several beams, may yield 
the necessary power for light ion j 
beam-driven ICF. * 

Field-reversing rings 

Another tantalizing application of 
intense pulsed ion beams is the for¬ 
mation of field-reversed ion rings. 
Such rings can be formed by trapping 
a large number of energetic ions in a 
magnetic mirror field. When the 
diamagnetic self-field of the ions that 
encircle the symmetry axis exceeds 
the applied magnetic field, the total 
magnetic field in the interior of the 
ring reverses direction. As a result, the 
magnetic field lines close, as shown in 
Figure 7. 

The field-reversed configuration | 
generated by energetic charged par¬ 
ticles is an ideal configuration for 
confining plasmas for thermonuclear 
applications for the following reasons; 

(1) the plasma confinement time is 

considerably enhanced, because the 

trapped plasma would have to cross V 
the closed magnetic field lines in 
order to escape; (2) the gyrating par¬ 
ticles of the ring serve as an internal 
energy source for heating the con- 
imed plasma; and (3) the beta (/3) of 
the plasma~i.e. the plasma pressure 

divided by the external magnetic field 

pressure-can exceed unity, and thus 


180 American Scientist, Volume 69 


(VI 




Figure 7. This representation of the reversed 
magnetic field configuration generated by a 
rotating ion ring inside a conducting tube 
shows the particle positions [light color), the 
self-magnetic field lines of the ring (dark color), 
and the field lines of the combined self- and 
applied magnetic fields (gray). When the dia¬ 
magnetic self-field of the ions that encircle the 
symmetry axis exceeds the applied magnetic 
field, the total magnetic field in the interior of 
the ring reverses direction, and the magnetic 
field lines close. 


the power density of a thermonuclear 
reactor can be high. As a result, the 
size of the reactor can be reduced 
appreciably, which results in very 
significant economic benefits. 

Reversed-field configurations that are 
generated by electrons are not of in¬ 
terest for thermonuclear applications 
because of the synchrotron radiation 
losses from the fast-moving electrons. 
Therefore, only protons or heavier 


charged particles can be used in the 
formation of field-reversed layers or 
rings for applications in the fusion 
program. However, the number of 
particles that is required for field re¬ 
versal is proportional to the mass of 
the particles. Therefore, proton rings 
must have considerably more parti¬ 
cles than electron rings. The required 
number of protons per unit length is 
Ni = (qZ/mc 2 )" 1 = 0.64 X10 16 on" 1 , 
where q is the charge of the gyrating 
protons. This number is very large 
and in general can be obtained only 
with the recently developed pulsed 


Currently, there are two experimental 
programs, one at NRL (50) , the other 
at Cornell (51), that are aimed at the 
generation of a reversed-field con¬ 
figuration with proton rings. A sche¬ 
matic of the NRL ion ring experiment 
is shown in Figure 8. In the most re¬ 
cent experiment, the applied mag¬ 
netic field consisted of a short uni¬ 
form region, a magnetic cusp, and a 
2-m long ramp field—a magnetic field 
that varies nearly linearly with axial 
position and peaks at a single mag¬ 
netic mirror. The inverse reflex te¬ 
trode (IRT) proton source was locat¬ 
ed in the short uniform field and was 
powered by the upgraded Gamble II 
generator. This source generated a 
hollow, ramp-shaped proton pulse 
that contained up to 6 X10 16 protons 


of about 50-nsec baseline duration. 
Typically, the peak of the voltage 
applied to the source was 1.5 MV. 
After propagating in the short uni¬ 
form magnetic field, the hollow pro¬ 
ton beam entered the magnetic cusp, 
where it started to rotate as a result of 
the Lorentz (v z B r ) force. The self- 
magnetic field of the layer was mon¬ 
itored by several magnetic probes, 
which were located on the axis and 
near the wall. 

The first transient field reversal (50) 
ever obtained with ions was achieved 
at NRL in the spring of 1979. Since 
then, reflection of protons by a mag¬ 
netic mirror has been observed both 
at NRL and Cornell. Future experi¬ 
ments will be designed to trap pro¬ 
tons by temporally varying the gate 
magnetic field or through interaction 
with azimuthal currents in a plasma 
or resistive structure. 

The simplified condition for self- 
sustained thermonuclear reactors 
(the Lawson criterion) is n p r c > 10 14 
cm -3 sec, where n p is the plasma 
density, and r c is the plasma con¬ 
finement time. Since the plasma is 
confined mainly by the self-magnetic 
field of the ion ring, the lifetime of the 
ring, rj, should be longer than the 
plasma confinement time, r c . The 
lifetime of the ring is determined 
primarily by the interaction of ions 


Gamble H 11 i r Inverse 
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Figure 8. In an ion ring experiment carried out 
at the Naval Research Laboratory, of which 

this is a partial schematic representation, the 

inverse reflex tetrode ion source (left) was 
powered by the Gamble II generator. The 
source produced a hollow proton pulse, which 
passed through the magnetic cusp and formed 


a rotating proton layer, This diamagnetic layer 
propagated along a ramp-shaped magnetic 
field within a conical vacuum chamber. The 
envelope of the trajectories and the projection 
of a typical axis-encircling proton orbit are 
shown (color). The proton pulse at various axial 
positions was monitored by observing the y 



rays produced by impact of the protons on a 
Teflon target. The shape of the beam was de¬ 
termined from the residual radioactivity in¬ 
duced in a carbon target by the protons, The 
targets are 2 m from the cathode. The self- 
magnetic field was monitored by several mag¬ 
netic probes, 
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applied magnetic field after compression 


initial applied magnetic field \ ' \ 1 


must be unwound and converted into 

a straight beam after compression. 
One way to accomplish this is to open 
the far mirror peak and pass the ro¬ 
tating ring through a half cusp, as 
shown in Figure 9. Equilibrium states 
for this space charge-neutral, rotat¬ 
ing, propagating hollow beam exist 
even in the absence of an external 
magnetic field, because the out¬ 
ward-directed centrifugal and J(,B Z 
forces are balanced by the J z Bo force, 
The magnetic forces, Jt)B z and J z Bi », 
are due to the self-fields of the beam, 
Bo and B z , and are generated from its 
axial ( J z ) and azimuthal (Jo) cur¬ 
rents. 


Figure 9. This illustration of the concept for 
generating a very high-energy, high-current ion 
beam by magnetic compression shows the ap¬ 
plied magnetic field before and after com¬ 
pression, A hollow ion beam is passed through 
a cusp and trapped between magnetic mirror 
peaks by use of a gate field. A metal liner 


with the plasma electrons and is given 

by 

wm 

r, = 0.59 X10 12 (m p /mi ) l/2 —— 

He 

where n e is the electron density per 
cubic centimeter, W is the ion energy 
in MeV, m p is the proton mass, and 
mi is the unit mass of the ions that 
make up the ring. For protons (m; = 
m p ), the energy, W, must be about 35 
MeV in order to have n e r c greater 
than 10 14 cm -3 sec. Since the energy 
of the protons is between 1 and 2 
MeV during trapping, a twentyfold 
increase in their energy is required. 

Inductive acceleration by 
compression 

A convenient way of increasing the 
energy of gyrating ions is by adiabatic 
magnetic compression of the ring 
(52), When an axial magnetic field, 
B z (t), increases with time, t, an azi¬ 
muthal electric field, E s (t), is in¬ 
duced, which enhances the energy, W, 
of a particle of charge q at the rate ’ 

dW v 

where u$ is the instantaneous azi¬ 
muthal velocity of the gyrating par¬ 
ticle, If the self-fields are neglected, 
and the magnetic field changes slowly 
with time (adiabatic), then the mag- 
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compression region exit propaga- 
half- tion region 
cusp -► 

compresses the ion ring and increases the 
magnetic field. When the far.magnetic peak is 
lowered, the ion ring is extracted through a half 
cusp which partially unwinds the rotating ions. 
The extracted rotating ring can propagate in 
the absence of an applied magnetic field, 


netic moment, p. = W(t)/B(t), of a 
gyrating ion is conserved, and thus its 
energy increases with the applied 
field, B(t). In the presence of self¬ 
fields, the energy increase of ions is 
slower than that predicted for single 
particles because a portion of the ex¬ 
ternally supplied energy goes into 
thermal energy and also into self- 
magnetic energy of the ring. 

The inductive acceleration of ions can 
be used either to increase the energy 
of the ions and thus extend their 
lifetime in a thermonuclear reactor or 
to generate high-energy, high-current 
ion pulses. In the latter case, the ring 


Table 2. Parameters of an ion-reversed ring 
before and after compression 



Before 

After 


compres¬ 

compres¬ 


sion 

sion 

Proton energy 

2 

100 

(MeV) 

Magnetic field 

18,2 

910 

at mirror 
peak (kQ) 

Proton current 

0,92 

46 

(MA) 

Kinetic energy 

0.064 

3.2 


Table 2 shows the parameters of a 
ring containing 2 X 10 17 protons be¬ 
fore and after compression. It must be 
emphasized that the 0.91-MG peak 
value of the magnetic field is rather 
conservative, since magnetic fields in 
excess of 1.3 MG have already been 
generated by flux compression using 
metal liners. The predicted 100-MeV 
ion energy at the peak of the com¬ 
pression is based on the assumption 
that the self-fields are small, and that 
the magnetic moment is thus con¬ 
served during compression. When the 
purpose of compression is the gener¬ 
ation of high-energy beams, the self¬ 
fields can be kept appreciably smaller 
than the applied field by partial can¬ 
cellation of the ion current by an 
electron return current. Such a partial 
cancellation is highly desirable, be¬ 
cause it allows efficient transfer of the 
externally supplied magnetic energy 
into particle kinetic energy during 
compression. 

The usefulness of ion rings in the fu¬ 
sion program and in the generation of 
high-energy ion pulses rests very 
heavily on the stability of such rings. 
Because the problem is so complex, 
no comprehensive treatment of the 
stability of field-reversed rings is 
currently available. However, the re¬ 
sults obtained so far are very en¬ 
couraging. Using the energy principle, 
Sudan and Rosenbluth ( 53 ) have 
shown that a field-reversed ion ring is 
stable against magnetohydrodynamic 
kinking modes, when its aspect ratio, 
r (= major radius/minor radius), is 
near unity. Lovelace (54) has arrived 
at a similar conclusion. 

Tearing modes, i.e. instabilities that 
break a long layer into several rings 
can be avoided by surrounding the 
layer with a close-fitting conducting 


wall (55) or by introducing a spread in 
the axial velocities of the ions (56,57). 
The efficacy of the latter technique 
has been confirmed in recent com¬ 
puter simulation experiments (58). 

Similar conclusions have been 
reached about specific instability 
modes. For example, Uhm and Da¬ 
vidson (59) have treated the stability 
of a field-reversed layer for frequen¬ 
cies that are near-multiples of the 
mean rotational frequency of the 
layer. Such instabilities are of pri¬ 
mary concern. Uhm and Davidson 
have found that in the presence of a 
dense background plasma, the system 
can easily be stabilized by introducing 
transverse temperature in the layer’s 
ions. 

The turning point for intense pulsed 
ion beams may come during the next 
three to four years. If the remarkable 
rate of success of the last three years 
continues, then a number of signifi¬ 
cant things may be accomplished, In 
the area of laser excitation, demon¬ 
strations of higher-power and 
higher-energy ultraviolet and new 
blue-green p-beam-pumped lasers are 
already being planned. 

During 1981 the particle-beam fusion 
accelerator (PBFA) will come on-line 
at Sandia Labs. If solutions to the 
ion-beam transport and intensifica¬ 
tion problems are found, then in the 
mid-eighties ion beams will be used as 
drivers in an attempt to demonstrate 
ICF break-even. Furthermore, if ef¬ 
forts to trap a field-reversed ion layer 
in a magnetic mirror are successful, 
then the prerequisite for field-re¬ 
versed mirror machine fusion devices 
and inexpensive relativistic ion ac¬ 
celerators will be at hand. Although 
the success of any of these ion-beam 
applications is by no means certain, 
the possible high payoffs make the 
investment in ion-beam research a 
good bet. 
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ozef J. Zwislocki 


Sound Analysis in the Ear: A History 
of Discoveries 

The ear seems to perform its extraordinarily fine 
sound analysis by mechanical rather than neural 


In vision, when two wavelengths of 
visible light are combined, a sensation 
of a single color arises. A mixture of 
blue and yellow makes a green that is 
indistinguishable from the green re¬ 
sulting from one appropriate wave¬ 
length. In hearing, a mixture of two 
sound waves of different lengths 
never produces the same impression 
as one wave, and when the difference 
between the wavelengths is sufficient, 
two distinct tones are heard. Rather 
than presenting to our consciousness 
the impression of a single sound, the 
ear decomposes complex sounds into 
their components. In fact, its analytic 
power is so great that we are able to 
pick single instruments out of a whole 
orchestra and to detect changes in 
tone frequency as small as 0.3%. 

How is the ear capable of this feat? 
From centuries of arduous research 
we have gained some idea, but the 
answer is not yet complete, and cur¬ 
rent laboratory work is still in hot 
pursuit of some of its crucial aspects. 
To the surprise of many, it appears 
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that the main auditory analysis of 
sounds is performed almost entirely 
by mechanical rather than by elec¬ 
trical or neural means. 

Our present knowledge of auditory 
sound analysis has emerged gradually 
over centuries, but at an accelerating 
pace, from several scientific disci¬ 
plines including physics, anatomy, 
physiology, and psychology. Around 
530 B.C. Pythagoras observed that 
musical pitch is uniquely related to 
the length of a vibrating string, and 
that halving the length produces an 
octave interval (see Boring 1942). 
History waited over a thousand years 
for the insight of Galileo that the 
length of a string determines its nat¬ 
ural vibration frequency, and that the 
sensation of pitch depends on the 
frequency rather than directly on the 
string’s length. The two parameters 
of length and frequency can be sepa¬ 
rated, since the natural frequency 
depends not only on the length of the 
string but also on its mass and ten- 


Shortly after Galileo’s insight, the 
phenomenon of resonance was dis¬ 
covered—-a sound corresponding to 
the natural frequency of a string was 
seen to cause it to vibrate; other 
frequencies did not have this capaci¬ 
ty. A string, it was further found, has 
several natural frequencies which are 
multiples of each other, and which 

came to be known as harmonics. 

When a string is made to vibrate with 

several harmonics simultaneously, its 

pattern of vibration depends on their 

number and relative amplitudes. 

About 150 years later, Fourier dis¬ 
covered that any desired pattern can 
be obtained by an appropriate com¬ 
position of harmonics, and converse¬ 
ly, that any single-valued function 


can be decomposed into a set of liar 
monies, described mathematically 
sinusoids. In the same period. Ohm. 
whose name became attached In m 
well-known law of electrical circuit*, 
observed that the ear performs s- 
Fourier analysis of complex 
sounds—in other words, that we m 
able to hear their sinusoidal eompn 
nents. It seemed plausible that this 
analysis resulted from resomiinc 
within the ear. If this were true, ihr: 
ear would have to contain a 
resonators, each tuned to a different 
frequency, and the search for the 
resonators was on. However, the * 
search required a level of knowledge * 
of the ear’s anatomy that was not 1 
reached until the middle of the nine- I 
teenth century. j 

• • ' J 

The search for resonators j 

It had been known as early m tire I 
seventeenth century that sound en j 
tering the auditory canal and Btrikiii* I 
the tympanic membrane wok led i 
through a set of small bones In the ! 
middle ear to a labyrinth of bony m- £ 
nals constituting the inner ear'll 1 
Figs. 1 and 2). One of these caimb * 
shaped like the spiral shell of a ami I 
and called the cochlea, from the I 
Greek word for snail, was regarded as : 
the organ or hearing. The cochlear 
canal is divided longitudinally by a ■ 
narrow partition that consists of two I 

l? S ’n 01 t e + u° n ? and one raemlmi- 
nous. Only the bony part, the .spiral h 
lamina, was known in the seventeenth 
century. It is relatively wide near the f 
p ,°. mt w ^ ere sound enters the «*. I 
chlea-the cochlear base—-and he- I 

j 

suggested that the spi ra i ^ 



Figure t. These drawings from Puvdrney’a cochlear canal, only the bony strip.the spiral ports the sensory cells. Note in particular the 

Traill 1 tie I'organe do t'ouie (1683) show an lamina—was known in the seventeenth con* cochlear spiral in Duv4rney’#Flg. II, its lateral 

advancing knowledge of the cochlea, which is tury, It remained for anatomists of the nine* aspect in Fig. VI, and the view of the spirai 

depicted here in relation to the semicircular teenth century to discover the cochlear duct, lamina in Fig, IV. (Reproduced in Rfkesy and 

canals, However, of the two strips dividing the the crucial membranous partition that sup' Rosenblith 


might act as a set of resonators, re- duct, or scala media, itself is filled numerous cilia protruding from their 
spending to low frequencies at the with endolymph, a fluid similar in apices, The hair cells are arranged in 
cochlear base and to high ones at the ionic composition to intracellular four rows running the length of the 
cochlear apex. However, improved fluid. Sound enters the cochlea cochlea—three rows of “outer hair 
anatomical techniques of the nine- through an opening in the bony wall cells" on the outside of the arches of 
teenth century revealed that the of the basal part of the scala vestibuli Corti and a fourth row, containing the 
membranous part of the cochlear known as the oval window and leaves “inner hair cells," on the inside (see 
partition, the cochlear duct, is the it through the round window, an Fig. 8). The two types of hair cells are 
essential component, since it supports opening in the basal wall of the scala quite different from each other and 
the sensory cells innervated by the tympani. A third opening, the heli- seem to perform different functions, 
fibers of the auditory nerve. That part cotrema, equalizes static pressure All the hair cells are innervated by the 
in narrow at the cochlear base and between the scala vestibuli and the afferent neurons of the auditory 
wide at the apex. Accordingly, Du- scala tympani. The fundamental nerve, whose terminal fibers can be 
vemey’s idea was turned around, and configuration is clear from the aim- seen as a long striation through the 
it was hypothesized that the resona- plified model of an uncoiled cochlea spiral lamina, Interestingly, 90 to 95% 
tors for high frequencies were located shown in Figure 3. of the fibers end on the less numerous 

at the cochlear base, those for low inner hair cells; only 5 to 10% termi- 

frequencies at the apex. The scala media is separated from the nate on the outer hair cells, each in- 

scala vestibuli by a thin vestibular nervating several of them (Spoendlin 
Two views of the cochlea based on membrane known as Relssner’s 1969). 
modern anatomical knowledge show membrane, and from the scala tym- 
its structure in more detail (Fig. 3). pani by the complex and much Helmholtz’s thflory 
The cochlear duct divides the canal thicker basilar membrane and the 

longitudinally into two parts—an spiral lamina. The organ of Corti, a The current concept of how the co¬ 
upper portion, called the scala vesti- cell mass resting on the basilar ehlea analyzes sound has its roots in 
buli, and a lower, the scala tympani, membrane, contains the stiff arches the resonance theory proposed by 
both filled with perilymph related to of Corti as well as the auditory sense Helmholtz (1863) around the middle 
the cerebrospinal fluid. The cochlear cells, called hair ceils because of the of the nineteenth century. His work 
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outer ear middle ear Inner ear 


Figure 2. On its journey to the cochlea, where small ossicles, or bones, known as the malleus, 
auditory analysis takes place, sound first passes the incus, and the stapes, These ossicles 
through the outer ear, striking the tympanic transmit the sound to the inner ear, which 
membrane, The resulting vibration then enters consists of the cochlea and the semicircular 
the middle ear, a chamber containing three canal system. 


Boring 1942) doctrine of specific ! 
nerve energies, Helmholtz proposed 
that the cochlear nerve fibers ending 
at the location of maximum vibration 
were maximally excited and deter¬ 
mined the pitch sensation. Thus, ex¬ 
citation of the fibers in the cochlear 
base by high frequencies produced a 
sensation of high pitch, and excitation t 
of the fibers near the apex by low / 
frequencies gave rise to a sensation of { 
low pitch. Because of this relation 
between pitch and cochlear location, 
Helmholtz’s theory is now often ; 
called “place theory.” 

Helmholtz’s resonance theory did not 
answer all the relevant questions of 
his time, and stirred up a prolonged ; 
controversy leading to numerous • 
counterproposals and experiments \\ 
with mechanical models that more or { 
less reproduced the mechanical lea- |- 
tures of the cochlea. Finally, Georg 
von Bekesy, a Hungarian physicist, ;v 
laid most of the controversy to rest in li ¬ 


the first half of this century with the 

coincided with rapid progress in co- of Corti as possible resonators in favor help of ingenious experiments making 
chlear anatomy, and he modified his of the fibers (see Boring 1942). use of cochlear models and postmor- 
theory as new knowledge became tem preparations. His results indi- 

available. At first Helmholtz thought According to Helmholtz’s theory, cated that the place theory was cor- 
that the arches of Corti acted as res- sound is transmitted to the basilar rect but that the local vibration 
onators. Because the size of the arches membrane through the perilymph of maximum of the basilar membrane 
increases with the distance from the the scala vestibuli and the endolymph was not due to ordinary resonance, as 
cochlear base, he concluded that the of the cochlear duct, producing max- Helmholtz had imagined, 
base of the cochlea responded to high imum vibration at the place where the 
frequencies, the apex to low basilar' membrane is tuned to the 
frequencies—just the opposite of particular frequency of the sound, 
what Duverney had assumed. When When the sound contains several In a series of experiments (1928), 
it became known that the basilar frequencies, each produces a separate Bekesy constructed enlarged models 
membrane is narrow at the base, vibration maximum at a different of the human cochlea, attempting to 
gradually widening toward the apex, location of the basilar membrane. In preserve the proportions among the 
and that it contains fibers that span this way the frequency spectrum is various cochlear dimensions as closely 
its width like the strings of a muscial resolved spatially along the cochlea, as possible. To simplify both the 
instrument, he abandoned the arches Extending Johannes Muller’s (see construction of the model and the 


Bekesy’s experiments 


) 

f ■ 
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observation of vibration, he did not 
attempt to duplicate the cochlear 
spiral but straightened it out, ob¬ 
taining the configuration shown at 
the right of Figure 3. A rubber mem¬ 
brane replaced the cochlear duct, and 
the model was filled with water whose 
viscosity could be varied by means of 
glycerine and whose motion was made 
visible by the addition of carbon dust. 
Like the basilar membrane, the rub¬ 
ber membrane increased in width 
between the basal end of the model 
and its apex. The sound entered the 
model through vibration of a minia¬ 
ture piston suspended in a small 
opening simulating the cochlear oval 
window. The resulting volume dis¬ 
placements of water were equalized 
through another opening placed on 
the opposite side of the partition, the 
equivalent of the round window. 



20 22 24 26 28 30 32 


Distance from stapes (mm) 

Figure 4. Bekesy’s reconstruction of the pattern figuration he obtained for two instants of time, 
of a traveling wave on the basilar membrane, one (dashed line ) a quarter period of time later 

based on amplitude and phase measurements, than the other (solid line), (From Bekesy 

represented a crucial step in the understanding 1947.) 
of cochlear mechanics. Shown here is the con- 


Bekesy observed that sound pro¬ 
duced transversal waves on the par¬ 
tition, and that the location at which 
these waves reached an amplitude 
maximum depended on the frequency 
of the sound. At high frequencies the 
maximum occurred near the win¬ 
dows, gradually moving toward the 
other end of the model as the fre¬ 
quency was decreased, just as Helm¬ 
holtz had predicted. However, in their 
movement toward the apex, the 
waves traveled right through the 
maximum without any apparent re¬ 
flection—a pattern that seemed to 
Bekesy to be incompatible with 
Helmholtz’s resonance theory. What 
mechanism accounted for the ampli¬ 
tude maximum appeared unclear to 
him and remained so for many years 
to come, although several theoreti¬ 
cians attempted to supply an expla¬ 
nation. 

Empirical confirmation of Bekesy’s 
model experiments did not become 
possible until almost twenty years 
later. During the intervening years, he 
succeeded in improving dissection 
and microscopic techniques to the 
point where he was able to observe 
the waves in postmortem prepara¬ 
tions of human cochleas—work that 
eventually earned him the 1961 Nobel 
Prize (see Bekesy 1960 for review). 
Using amplitude and phase mea¬ 
surements, he reconstructed the co¬ 
chlear wave pattern, an example of 
which is shown in Figure 4 (Bekesy 
1947). The systematic measurements 
had to be limited to the apex of the 
cochlea, however, where the low 
frequencies have their amplitude 


maxima. Another twenty years 
passed before the fundamental fea¬ 
tures of Busy’s findings could be 
confirmed for the cochlear base. 

Before his direct observation of the 
wave pattern, Bekesy measured some 
essential physical parameters of the 
cochlea, especially the compliances of 
the membranous parts of the cochlear 
duct. Finding the stiffness of the 
basilar membrane to be the greatest, 
and that of Reissner’s membrane 
negligible, he suggested that the 
basilar membrane effectively deter¬ 
mined the elastic properties of the 
duct, which he often called (after 
Helmholtz) the “cochlear partition.” 
According to his measurements, the 
compliance of the basilar membrane 
increased from the base to the apex 
by between two and three orders of 
magnitude, apparently due to the 
membrane’s increasing width and 
decreasing thickness. 

Fundamental 
mathematical analysis 

Bekesy’s measurements of the co¬ 
chlear constants, together with the 
known cochlear anatomy, made it 
possible to derive the cochlear waves 
mathematically and so to explain 
their nature (Zwislocki 1946,1948). 
According to classical hydrodynamic 
theory, cochlear waves belong to the 
class of surface waves that can be 
observed on the free surface of water 


(Ranke 1942). In the case of the co¬ 
chlea, the waves arise through the 
interaction between the stiffness of 
the basilar membrane and the inertia 
of the cochlear fluids; this interaction 
provides the longitudinal coupling 
necessary for wave propagation 
(Zwislocki 1946). 

The elastic longitudinal coupling 
within the basilar membrane was 
found to be negligible because of the 
narrowness of the basilar membrane 
relative to the wavelength. This 
means that the elastic restoring force 
within the membrane is due almost 
entirely to the cross-sectional defor¬ 
mation of the membrane and is in¬ 
dependent of the wavelength—a cir¬ 
cumstance greatly facilitating the 
calculations. It should be mentioned 
at this point that the name “basilar 
membrane” is quite misleading. The 
membrane behaves mechanically like 
a plate, as Bekesy has demonstrated 
and as its morphological structure 
suggests; but the name was given be¬ 
fore these things became known, and 
biologists tend to call thin partitions 
“membranes.” 

According to the theory, the increas¬ 
ing compliance of the basilar mem¬ 
brane from the cochlear base to the 
apex should cause the length of the 
cochlear waves to decrease and their 
amplitude to increase with the dis¬ 
tance from the base, in agreement 
with BSkesy’s observations. If the 
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membrane and the cochlear fluids 
were inviscid and no friction inter¬ 
vened, the amplitude would increase 
all the way to cochlear apex, where a 
wave reflection would take place, 
leading to standing waves (Zwislocki 
1946). 

However, Bekesy had found a strong 
damping of transient oscillations of 
the basilar membrane, indicating 
substantial friction. In the presence 
of such friction, the mechanical en¬ 
ergy of the waves gradually becomes 
lost to heat as the waves are propa¬ 
gated toward the cochlear apex. The 
process is accelerated as the compli¬ 
ance increases, and the effect of fric¬ 
tion gains in relative importance. 
Ultimately, the energy loss causes the 
wave amplitude to decrease. The lo¬ 
cation at which this begins to occur 
depends on sound frequency, since 
the effect of stiffness is inversely 
proportional to the frequency, As a 
consequence, the higher the fre¬ 
quency, the closer the point of vibra¬ 
tion maximum to the cochlear base 
(Zwislocki 1948). The theory showed 
that, in the presence of strong fric¬ 


tion, the vibration maximum has to 
occur before the waves reach the lo¬ 
cation of basilar-membrane reso¬ 
nance for a given frequency. At the 
resonance location the wave ampli¬ 
tude is already so small that it cannot 
be measured. 

The theoretical picture sketched 
above provided a sufficient explana¬ 
tion of the wave pattern seen by Be¬ 
kesy and also accounted for the fact 
that he could not detect any reso¬ 
nance phenomena, Most importantly, 
it defined the relation between sound 
frequency and the location of maxi¬ 
mum vibration in the cochlea. This 
relation as derived from three series 
of measurements made by Belfosy 
(1960) and from a correlation of 
maximum hearing loss and cochlear 
damage (see Zwislocki 1965) is shown 
in Figure 5. Assuming that auditory 
sensitivity is determined by neural 
excitation at the location of maxi¬ 
mum vibration and that the sound 
frequency of maximum hearing loss 
therefore corresponds to the location 
of maximum cochlear damage, this 
frequency was measured in various 


patients and later correlated with the 
location of maximum damage deter¬ 
mined post-mortem. The two sets of 
data seem to be consistent with each 
other. 


measurements, together 
with the associated theory, appeared 
to account satisfactorily for the fun- % 
damental mechanical process re- ] 


the cochlea and for the pitch scale, 


made in the 1950s by using a pair of 
electrodes, one placed in the scab 
vestibuli and one in the scala tympa- 
ni, seemed to fit the same picture, in 
that the distribution of the potentials I 
along the cochlea approximated the ; 
distribution of mechanical ampli- !- 
tudes found by Bekesy (see Zwislocki \ 
1980 for review). It was believed that r 
these potentials were generated by f ' 
the hair cells and that they repre- f 
sented the state of excitation of these 
cells. The picture appeared satisfac- 5' 
torily cohesive, even though record- : 
ings from single nerve units of the 
auditory system, which became pos¬ 
sible for the first time in the 1940s, 
indicated a sharper frequency anal- k 
ysis (Galambos and Davis 1943). This} 

Vtmn _ ! _1 . f 
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mum in the cochlea as a function of sound fre¬ 
quency is illustrated by three series of mea- 


the location from correlation of hearing loss 
and cochlear damage in pathological ears [gray 
dote). The colored line shows the mathemati¬ 
cally calculated location of the vibration max¬ 
imum, which is in satisfactory agreement with 
the empirical results. For comparison, the black 
line represents a pitch scale determined by 


several psychological methods; it appears to 
follow very roughly the location of the vibration 
maximum. Because of substantial uncertainties 
in determining both location and pitch, it is not 
possible to decide whether the difference be¬ 
tween the two curves is real or whether it is due 
to errors of measurement, It has been suggested 
(Zwislocki 1965) that the difference could stem 
from somewhat inhomogeneous innervation of 
the cochlea, and that the cochlea may be 
mapped nonlinearly onto the brain, 


refinement of the coarse mechanical 
sound analysis in the cochlea as early 
as the 1920s, envisioning a mecha¬ 
nism similar to that which produces 
contrast effects and the well-known 
Mach bands in vision. 

New insights into 
cochlear mechanics f 

By the late 1960s, however, the pic-j 
ture began to show deep cracks.! 
Applying the Mossbauer technique, | 
based on absorption of gamma rays, | 
Johnstone and Boyle (1967) sue- f 
ceeded in measuring the vibration of f 
the basilar membrane in live guinea I 
pigs. Perhaps to their surprise, they! 


mum was considerably sharper than j 
that Bekesy had seen in postmortem I 
preparations. At first their discovery ! 
was received with disbelief, both be- j 


such a sharp maximum seemed im- l 
compatible with biological tissues,! 
which usually exhibit high damping. j 
Nevertheless, the findings were soon j 
confirmed by Rhode (1971), who f." 


technique. Attempting to explain the 


difference between Bekesy’s results 
and those of Johnstone and Boyle, 
Rhode (1973) compared the ampli¬ 
tude maximum in live monkeys with 
that obtained post-mortem. The 
striking discrepancies he found are 
shown schematically in Figure 6. 
Similar although less extensive re¬ 
sults were obtained by Kohlloffel 
(1972) one year earlier. 

Rhode discovered other interesting 
features of cochlear mechanics in the 
live monkeys, in particular a small 
amplitude plateau above the fre¬ 
quency of the vibration maximum 
and a phase plateau beginning in the 
same frequency region but continuing 
indefinitely toward higher frequen¬ 
cies. The phase plateau indicates, 
according to mathematical theory 
(Zwislocki 1948), that the resonance 
frequency of the basilar membrane 
has been exceeded. Rhode also found 
that the amplitude maximum became 
flatter as the sound input to the co¬ 
chlea increased. This suggests that 
the damping of the basilar membrane 
increases with amplitude, and there¬ 
fore that the cochlea of a live animal 
is a nonlinear system. 

Since Rhode could not measure the 
vibration of the basilar membrane at 
very low amplitudes compatible with 
the threshold of audibility and mea¬ 
surements of neural sensitivity, the 
speculation arose that the basilar 
membrane may be as sharply tuned 
as the auditory neurons at very low 
vibration amplitudes. If this were 
true, the neural sharpening suggested 
by Bekesy would be unnecessary. The 
speculation was strengthened by di¬ 
rect recording of receptor potentials 
of the inner hair cells pioneered by 
Russell and Sellick in England (1977). 
They have not only shown that the 
hair cells are as sharply tuned as the 
neurons (see Fig. 6), but have con¬ 
cluded on the basis of resistance 
measurements of the cells that the 
sharp tuning is produced by me¬ 
chanical means. This discovery 
eliminated several hypotheses of 
neural or electrophysiological sharp¬ 
ening of cochlear frequency anal¬ 
ysis. 

The question remains, nevertheless, 
whether the basilar membrane is in¬ 
deed as sharply tuned as the hair 
cells, or whether some mechanical 
process taking place between the 
membrane and the hair cells provides 
the additional sharpening. A series of 
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neurophysiological and mechanical 
experiments performed on alligator 
lizards by Weiss and his associates 
(1976) and Peake and Ling (1980) 
suggests that such additional sharp¬ 
ening may take place. The lizard’s 
basilar membrane does not provide 
any frequency analysis, yet its hair 
cells and the neurons that innervate 
them do, achieving a tuning only 
moderately less sharp than that found 
in mammals, 

The search continues 

Suspicion that some mechanical 
process in the cochlea had been 
overlooked also arose from mathe¬ 
matical considerations. Even the 
most refined theories of cochlear 
waves were not able to match simul¬ 
taneously the amplitude and phase 
patterns found empirically by Rhode, 
producing instead the discrepancies 
shown in Figure 7 (Sondhi 1978). 

The solution to the dilemma may be 
hiding in the structure of the organ of 
Corti and its micromechanics. A 
drawing of a cross section through the 
organ, obtained with histological 
techniques designed to preserve as 
accurately as possible the dimensions 
of the various parts and their mutual 
relations, is reproduced in Figure 8 
(Kronester-Frei 1979). We shall pay 
particular attention to the tectorial 


Figure 6. Amplitude (above) and phase (below) 
of vibration of the basilar membrane at one 
cochlear location are shown schematically as a 
function of sound frequency, The colored lines 
refer to data obtained from live squirrel mon¬ 
keys, the black lines to the corresponding 
postmortem findings (Rhode 1971,1973). The 
amplitude distribution indicated by the black 
line agrees with Bekesy’s findings, but the 
colored line shows a much sharper maximum, 
suggesting that the damping of cochlear waves 
is much smaller in live animals. In addition, the 
displacement of the postmortem maximum 
toward lower frequencies and the increased 
amplitude at low frequencies indicate that the 
compliance of the basilar membrane is in¬ 
creased. The phase curves suggest a similar 
conclusion. The faster the phase uf a wave 
changes with frequency, the smaller the wave 
velocity, and the velocity decreases as the 
compliance increases. For comparison, the 
dotted line (above) indicates the tuning curve 
of the inner hair cell of the cochlea as measured 
by Russell and Sellick (1977). The curve has 
been shifted somewhat along the logarithmic 
frequency scale to coincide with the maximum 
of the colored line; such a shift is known to 
preserve approximately the shape of cochlear 
tuning curves. 


membrane, which is not a membrane 
at all but rather a viscoelastic plate of 
varying thickness consisting mainly 
of protein protofibrils (Kronester- 
Frei 1978).The tectorial membrane 
is suspended over the cell mass of the 
organ of Corti and is attached to the 
outer hair cells through their hairs, or 
stereocilia. Whether it is also attached 
in this fashion to the inner hair cells 
is not yet clear, but this is unimpor¬ 
tant for the discussion that follows. 

Since the beginning of this century it 
has been assumed that the hair cells 
are stimulated through a shearing 
motion that occurs between the tec¬ 
torial membrane and the upper sur¬ 
face of the organ of Corti, a motion 
that must lead directly—or indirectly, 
through entrainment of adjacent 
fluid—to a bending of the stereocilia. 
The deformation of the hair cells 
themselves during this movement is 
probably small, since they are held 
rigidly in the reticular lamina, a stiff, 
netlike structure covering the top 
surface of the organ of Corti. 

It has been shown repeatedly that the 
bending of stereocilia in an appro¬ 
priate plane produces excitation of 
similar hair cells in organs related to 
the cochlea (Flock 1971; Hudspeth 
and Corey 1977). Anatomically, the 
appropriate plane for the cochlea is 
the cross-sectional plane shown in 
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Figure 7, In these graphs illustrating amplitude 
(above) and phase (below) of vibration of the 
basilar membrane as a function of cochlear 
location for a constant sound frequency, the 
black dots indicate Rhode’s data (1971), while 
the curves show representative theoretical re¬ 
sults. The colored lines are the product of es¬ 
sentially the same unidimensional cochlear 
theory (Zweig et al. 1976) that accounts for the 
observations of B6k§sy (Zwislocki 1948). It 
becomes inaccurate when the depth of the 
canal cannot be considered small compared to 
the wavelength, a situation arising near the 
amplitude maximum, Nevertheless, by keeping 
the damping of the basilar membrane suitably 
low, the theory is able roughly to match 
Rhode’s phase data, though not his amplitude 
data. The gray lines result from a more so¬ 
phisticated two-dimensional theory that is 
supposed to hold for all wavelengths in the 
cochlea (e.g. Allen 1977). Surprisingly, when its 
parameters are chosen in such a way as to op¬ 
timize the agreement with Rhode’s amplitude 
data, the agreement with the phase data is very 
bad. (From Sondhi 1978.) 


Figure 8. Ter Kuile (1900) suggested 
that the motions of the part of the 
basilar membrane supporting the 
organ of Corti and of the tectorial 
membrane could be viewed in cross 
section as rotations of stiff beams 
around their respective axes—the 
edge of the spiral lamina for the bas¬ 
ilar membrane and the edge of the 
spiral limbus for the tectorial mem¬ 
brane. If the two membranes rotated 
around parallel but different axes, a 
shearing motion would have to result 
between them, as is easy to demon¬ 
strate by a simple geometrical con- 


Whereas ter Kuile’s suggestion still 
appears acceptable for the basilar 
membrane, various studies of the 
tectorial membrane are more consis¬ 
tent with the assumption that it 
bends over its whole free section be¬ 
tween the spiral limbus and the inner 
hair cells. If this is true, the shearing 
motion of the tectorial membrane 
relative to the organ of Corti must 
depend on its stiffness and on the 
stiffness of its attachments to the 
upper surface of the organ. It is pos¬ 
sible to show by reasonably simple 
mathematics that the shearing mo¬ 
tion almost disappears when the for¬ 
mer stiffness is much smaller than the 
latter, the length of the cochlear 
waves is sufficiently large, and the 
mass of the tectorial membrane can 
be neglected (Zwislocki and Kletsky 
1979). Such conditions are likely to 
prevail at low frequencies, but at 
sufficiently high frequencies the mass 
of the tectorial membrane, which is of 
the same order of magnitude as the 
entire cell mass of the organ of Corti, 
must make itself felt. 

If the damping of a mechanical sys- 
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l tem consisting of a mass attached to 
i a vibrating support by a stiffness 
i (spring) is small, the system will 
resonate when excited at its natural 
; frequency. At resonance, the ampli¬ 
tude of the mass can far exceed that 
of the support. Since the amplitude 
decreases sharply as the frequency 
changes either upward or dowmvsi r<i 
from the resonance frequency* a 
sharp filter effect, or tuning, results, 
If the tectorial membrane with its 
elastic attachments to the organ of 
Corti can resonate, a sharply tuned 
shearing motion between it and the 
reticular lamina must result, leading 
to a sharply tuned excitation of the 
inner hair cells. 

The idea of such a resonance in sup¬ 
ported by a great deal of indirect ev¬ 
idence. For instance, the stereotriiia of 
hair cells have been found to he quite 
stiff and to consist of elastic fibers of 
actin, the same material that consti¬ 
tutes muscle fibers (Flock 197 ?). The 
length of the stereocilia of the outer 
hair cells increases from 1 fxm in the 
cochlear base to 5 or 6 gm in the ajK-x 
(Lim 1980). If the mass of the tu to¬ 
rial membrane remained constant, 
this factor alone would account for a 
change in resonance frequency by a i 
factor of about 25, since the resonance 
frequency of an elastic beam h in ■; 
versely proportional to the .square uf | 
its length (Zwislocki and Kletsky ; 
1980). But the mass of the tectorial ; 
membrane increases considerably i 
toward the apex, further lowering the ; 
resonance frequency. The two factors j 
together could easily account for the I 
frequency range of over 50 to J known ! 
to be covered by a mammalian co¬ 
chlea. 

Some possible effects of a resonance 
of the tectorial membrane have been ! 
demonstrated through a simple me. ! 
chanical model consisting of a steel : 
reed clamped rigidly onto the vi- 
brating tip of an electrodynamic vi • 
brator at a small angle to the direction l 
of vibration. The vibrating Up rep- l 
resented a short section of the basilar ' 
membrane, the reed, a stereoeUium ; 
A small brass weight was placed on 1 
the tip of the reed to simulate the I 

mass of the tectorial membrane Of S 

course, there are a great many S 
stereocilia in a short section of the I 
organ of Corti, but this does not affect 1 
the essential mechanical relations m 
are considering, except for increasi™ ; 


When the vibrator without the reed 
was excited by an electric current of 
slowly increasing frequency, its am¬ 
plitude remained constant up to a 
cut-off frequency, and gradually de¬ 
creased above it (Fig. 9). No ampli¬ 
tude maximum occurred, because the 
damping was too high. When the reed 
was secured in place, it moved up and 
down with the vibrator tip without 
any amplitude or phase difference 
until the frequency approached its 
transversal-mode resonance. It then 
began a strong transversal vibration 
that reached its maximum at the 
resonance frequency. Since the reed’s 
amplitude decreased rapidly on both 
sides of the resonance frequency, a 
sharp tuning resulted. In addition to 
the sharp tuning, another, not unex¬ 
pected, phenomenon was observed. 
Near its resonance frequency, the 
reed appreciably affected the vibra¬ 
tion amplitude of the vibrator tip, as 
is evident in Figure 9. Just below the 
resonance frequency, this amplitude 
increased sharply, went through a 
maximum, and decreased to a mini¬ 
mum at the resonance frequency. 
Above the resonance frequency it 
showed a small secondary peak before 
beginning to decrease in nearly the 
same manner as it had without the 
reed. The amplitude perturbation 
near the reed’s resonance is due to the 
strong force the reed exerts on the 
vibrator during its maximum oscil¬ 
lation. Depending on the phase of this 
force, the vibrator amplitude is in¬ 
creased or decreased, 
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Figure 9. The amplitude of vibration of the 
vibrator tip as a function of frequency is shown, 
both with the reed (colored line) and without 
(black line). The configuration demonstrates 
the effect of the transversal vibration of the 
reed near its resonance on the vertical vibration 
of the vibrator tip, The maximum amplitude 
occurs just below the reed’s resonance, and the 
notch at its resonance. A similar amplitude 
pattern has been observed on the basilar 
membrane by Rhode (1971). 


in the model, it always exerts a 
downward force on the vibrator tip. If 
the reed stood perfectly vertically on 
the vibrator tip, the force would be 
symmetrical and would follow the 
second harmonic of the vibrator mo¬ 
tion, producing a purely quadratic 
distortion, Because the reed stands at 
a small angle from the vertical, higher 
harmonics, especially the third har¬ 
monic, arise in addition to the 
second, 


is within the realm of possibility, and 
although a large number of phenom¬ 
ena observed by physical as well as 
physiological and psychological 
methods are consistent with such a 
resonance, only a direct experiment 
can demonstrate this beyond rea¬ 
sonable doubt. Too many parameters 
still remain unknown to make any 
theoretical calculations, or modeling, 
conclusive, Neither the internal vis¬ 
cosity of the tectorial membrane, nor 
its stiffness, nor the stiffness of its 
attachments to the organ of Corti is 
precisely known. As a consequence, 
much remains to be explored, and we 
are expecting some exciting years of 
research on cochlear mechanics, 
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Todd m. Doscher Enhanced Recovery of Crude Oil 

With domestic supplies of crude oil decreasing and 
imports costing more, the search for new 
technologies to increase recovery efficiency escalates 


Now, when production of domestic 
crude oil in the United States is fall¬ 
ing and the probability of finding new 
oil is dwindling, attention is turning 
to methods of increasing recovery 
from known oil fields—that is, to the 
development of enhanced recovery 
technology. Newly developed tech¬ 
nology has already begun to influence 
and increase the supply of domestic 
crude oil, particularly in California, 
hut there is a definite limit to the 
economic feasibility of such addi¬ 
tional recovery, which is set by the 
physical characteristics of the reser¬ 
voirs and their crude petroleum 
fluids. 

The overall recovery of crude oil from 
reservoirs in the U.S., using proven, 
conventional technology, is now es¬ 
timated at 148 billion barrels, or 32%, 
of the estimated 460 billion barrels 
originally in them, Of this, 121 billion 
barrels, or 82%, had already been 
produced by the end of 1979. If we 
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could increase the recovery rate to 
42%, say, the present reserves of the 
U.S, would be more than doubled. 
This would put off the demise of the 
age of petroleum in the U.S. for an¬ 
other decade, but more important, it 
would provide time for society to plan 
orderly changes with respect to its 
fuel supplies, All enhanced recovery 
processes have a common goal: to in¬ 
crease the rate of flow of crude oil 
within the porous reservoir rock to 
economic levels. 

Of the oil currently considered re¬ 
coverable, some 20% had already been 
discovered by 1920, over a third of it 
in California. The two decades fol¬ 
lowing World War I saw finds of great 
importance in Texas and Louisiana, 
and by 1940,60% of the nation’s now 
known recoverable oil—88 billion 
barrels—had been discovered. After 
World War II, the previous rate of 
discovery could not he maintained, 
despite the major find of Prudhoe 
Bay—the one supergiant field in the 
Western Hemisphere with approxi¬ 
mately 10 billion barrels of recover¬ 
able oil. Despite an intensified ex¬ 
ploration effort and growing exper¬ 
tise, it is increasingly difficult to find 
new, significant reserves in the U.S. 
(see Fig. 1). 

In recent years, extensions and revi¬ 
sions of estimates of reserves in old 
fields—about 1.2 billion barrels per 
year—and the discovery of small 
fields—about 300 million barrels per 
year—have limited the annual de¬ 
cline in reserves in the U.S, to about 
1.6 billion barrels, Nevertheless, oil 
reserves at the end of 1979—27 billion 
barrels—are now lower than at any 
time in the past three decades. Even 
if the trend of positive revisions and 
minor discoveries could be main¬ 


tained, the nature of the reservoir 
production process would cause oil 
production in the U.S. to fall to half 
its present value before the turn of 
the century (see Pig, 2). Only the 
discovery of numerous giant and 
several supergiant fields can reverse 
this trend, However, since huge fields 
are usually the first to be found when 
a basin is explored, and since they 
contribute 65% or more of the oil 
produced by those basins (see, for 
example, Root and Drew 1979), the 
prospects for future discovery of such 
fields in the U,S, are not great, given 
the nature and the small number of 
still unexplored basins. The impor¬ 
tance of enhanced recovery is thus 
apparent. 

Formation and. 
production of oil 

In order to assess the potential of at¬ 
tempts to enhance oil recovery, it is 
necessary to understand how and 
under what geological conditions oil 
is formed, as well as how it is pro¬ 
duced. Oil has its origin in organic 
debris—remains of dead organisms, 
probably algae for the most part— 
that accumulates in shallow seas and 
that is then entrapped in the silts and 
clays brought down to the seas by the 
rivers cutting through the continents. 
Over the years, layers of such sedi¬ 
ments pile on top of one another and 
sink to lower and lower depths, As a 
result of burial, the temperatures and 
pressures to which these layers are 
subjected increase, and the organic 
material anaerobically decomposes 
into hydrocarbons. The liquid hy¬ 
drocarbons that are produced are less 
dense than the interstitial water and 
are hence buoyed up and rise until 
they either encounter a barrier or es¬ 
cape to the surface of the earth. Oil 
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that escapes is quickly oxidized or 
consumed by microorganisms. 

Most oil is trapped in anticlinal tolds 
beneath strata of shale, dense salt, 
anhydrite, or other impermeable 
material. Some very large accumula¬ 
tions of oil are found in stratigraphic 
traps formed when a layer of perme¬ 
able sediment changes laterally to an 
impermeable sediment; still others 
are found in the traps formed where 
porous rock is sealed by a fault. If the 
seal on a reservoir is breached by 
erosion, the trapped oil will either 
escape or be converted to a bitumen 
through partial evaporation of its 
more volatile constituents. The great 
Athabasca bituminous sands of Al¬ 
berta—the largest single accumula¬ 
tion of petroleum in the world—were 
perhaps formed in this manner. 

Oil accumulates under pressure, 
which, in most cases, is hydrostatic. 
When the rate of sediment deposition 
is very rapid, however, equilibrium 
with the hydrostatic environment is 
not maintained, and the pressures 
under which the oil accumulates ap¬ 
proach those of the lithostatic, or 
rock, overburden. It is the pressure 
differential between the fluids in the 
reservoir and the bore hole drilled 
into it that causes the oil to flow into 
the bore. 

As the pressure in the reservoir de¬ 
creases, gas is released from solution, 
thereby causing an increase in the 
total volume of reservoir fluids, some 
of which must flow out of the reser¬ 
voir into the bore hole. Keeping the 
gradient in the bore hole low, artifi¬ 
cially (for example, by pumping) if 
necessary, promotes the spontaneous 
flow of oil. The free gas is immobile at 
first, because the individual gas 
bubbles are not connected, and 
therefore only oil, saturated with gas, 
flows out of the reservoir. As more 
and more gas is released within the 
reservoir, a critical saturation is 
reached at which the gas phase be¬ 
comes mobile; because it is far less 
viscous than oil and the saturation is 
increasing, the gas immediately be¬ 
gins to flow. As the flow of gas in¬ 
creases, the pressure in the reservoir 
decreases, owing to fluid withdrawal, 
which leads to a steady decline in oil 
production until the economic limit 
is reached (Fig. 3). 

The economic limit is the production 
rate at which the value of the oil pro- 
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Figure 1. Immediately after the initial discov¬ 
ery of crude oil in west Texas and southeast 
New Mexico—the richest oil province in the 
U.S.—tremendous reserves were discovered, 
using clues from surface geological studies. As 
the rate of discovery waned, there was an ex¬ 
ponential increase in the number of wildcat 
exploration wells drilled, but this failed to halt 
the decline. 



Figure 2, In order to maintain the present level 
of oil production in the U.S., the projected de¬ 
cline in production of crude oil from known 
reservoirs must be countered by the discovery 
of many new giant oil fields and the expansion 
of enhanced recovery operations. 


duced is just sufficient to offset the 
operating costs, capital charges, 
overhead, royalties, insurance, and 


ation. This limit is reached when 
anywhere from a few percent to, on 


place has been recovered, the actual 
on numerous 


reservoir and fluid parameters. The 


primary production phase of a solu¬ 
tion gas-driven reservoir ends at this 
point. 

The economic life of an oil field can he 
extended by an increase in the value 
of crude oil relative to the sum oi all 
the costs involved in producing it 
Thus, the primary effect of an in¬ 
crease in the price of crude oil h to 
extend the life of the reservoir f it very 
low production rates. However, con¬ 
tinued production at low and Mill 
decreasing rates will yield only a rel¬ 
atively small amount of additional 
oil. 

Obviously, an important factor lim¬ 
iting recovery is the rate at which oil 
flows from the reservoir. The flow 
rate, q, is basically a function of the 
pressure gradient within the reser¬ 
voir, dP/dr; the viscosity of the* oil, #i; 
the thickness of the reservoir, h;nm 
the relative permeability of the res¬ 
ervoir rock to oil, k r \ and is given by 
the differential form of Darcy’s 
equation for radial flow 

_ 2tt rh.k.k r .dP/d r 
Q P . 

where r is the distance between the 
bore and the point in the reservoir 
where the flow is measured, and h i- 
the absolute permeability of the res¬ 
ervoir. 


The flow rate can be increased either ! 
by increasing the pressure gradient, I 
as in waterflooding, or particularly in i 
viscous oil reservoirs, by heat ing the 
oil and thereby reducing the vismiiy. £ 
While waterflooding is benefictul in f 
maintaining the pressure, it. also re- t 
suits in undisplaced oil being imino* f 
bilized and trapped by capillary j 
forces, thereby reducing its rclutivi; f 
permeability to virtually zero. The ! 
relative permeability, and hence the ; 
rate of flow, can be increased by fo. ; 
jecting either a surfactant, to reiiun- ; 
the interfacial tension between oil ; 
and water (micellar-polymer fli««i- j 
ing), or a solute, to swell and m I ■ 
nect the isolated oil masses (carbon 1 
dioxide flooding). 

Thermal recovery j 

Reservoir fluids flow through the 
porous rock into one or more wells 
drilled into the reservoir. The pattern 
of flow aa the well ia approached if 
radial, and the fluid is crowded into 
an ever-decreasing cross section As 

a result, most of the pressure drop or 


energy dissipation occurs very close to 
the producing well. Darcy’s law, re¬ 
written as 



shows that the pressure drop per unit 
rate of flow is a logarithmic function 
of the ratio of the radius of the reser¬ 
voir, r, to that of the well, r w . One can 
readily conceive of drilling a larger 
bore hole to achieve an increased rate 
of flow under the pressure available 
within the reservoir, but the drilling 
of large holes all the way from the 
surface is exceedingly expensive. 

In practice, a large hole is effectively 
created by hydraulic fracturing of the 
reservoir. The well is filled with a 
fluid, and the pressure is raised to a 
value comparable to, or greater than, 
that exerted by the overlying rocks on 
the reservoir rock (overburden pres¬ 
sure), causing the reservoir to frac¬ 
ture. A viscous gravel-laden fluid is 
then pumped into the fractures in 
order to keep them open after the 
pressure is released. However, the 
gain in production using this tech¬ 
nique is limited to a factor somewhat 
less than one order of magnitude. 
Hence, for a viscous oil reservoir that 
can produce only one or two barrels a 
day, the absolute gain in productivity 
is usually insufficient to justify the 
cost of fracturing. 

Because the viscosity of oil falls ex¬ 
ponentially as the temperature rises, 
a more rewarding approach is to re¬ 
duce the viscosity of the crude oil by 
heating the reservoir. In the past, 
many operators have attempted to 
heat reservoirs by inserting electric 
heaters down shallow wells or by cir¬ 
culating heated fluids through closed 
loops down to the bottoms of such 
wells. Both systems have failed, In¬ 
serting heaters down wells does not 
work satisfactorily because the con¬ 
ductivity of the reservoir rock is very 
poor, so only the region close to the 
well is heated, Furthermore, because 
convective flow is toward the well and 
not away from it into the reservoir, 
heat is returned to the well and is ex¬ 
pelled with the heated oil. When hot 
fluids are circulated in closed loops, 
the returning fluids reach the surface 
at almost the same temperatures at 
which they are injected, because heat 


is transferred from the descending 
hot fluids to the ascending fluids in 
the parallel or concentric pipes, Much 
to the chagrin of the operator, fluids 
reaching the bottom of the well are 
quite cool owing to heat loss both 
through the casing to the earth and as 
a result of heat transfer to the as¬ 
cending fluid. 

The first truly effective enhanced oil 
recovery technique for viscous crude 
oils, steam soaking, was discovered 
quite by accident in Venezuela. In the 
late fifties in the Mene Grande field, 
experiments were being conducted 
into the injection of steam down 
central wells into heavy-oil reservoirs, 
with the hope of driving the heated oil 
into nearby production wells. The 
steam-injection well blew out. The 
operators hastily set about repairing 
the well and resuming steam injec¬ 
tion, but the well blew out again. 
(Blowouts occurred because of the 
presence of a nearby fault—the same 
type of fault as that through which 
the oil had oozed to the surface ini¬ 
tially, giving evidence of the reser¬ 
voirs below.) This second time, the 
flow of steam escaping from the in¬ 
jection well was followed by a flow of 
hot, low-viscosity oil that persisted for 
some time. An idea had been born. 

A year later, the operator of the 
Venezuela field was steam-soaking 
wells in California: injecting steam for 
a few days, a week, or even a month, 
and then allowing the heated oil to 
flow back through the same well. The 
steam-soak method, also known as 



Figure 3. When fluid oil ia first removed from 
a reservoir, the pressure differential is main¬ 
tained by release of gas from solution. But as 
more fluid is withdrawn, the pressure drops, 
and the rate at which oil is produced declines. 
Therefore, although the reservoir never stops 
producing oil, at least in theory, it docs so more 
and more slowly, and operations must cease 
when the value of the oil produced no longer 
offsets the operating costs. 


huff-and-puff steaming, or cyclic 
steam stimulation, spread throughout 
California. By 1965 almost 20% of 
California’s production was from 
wells stimulated by steam injection, 
and California was once again able to 
produce more than a million barrels 
of crude oil in a year. 

The steam soak is economically effi¬ 
cient only when the reservoir contains 
more than 1,000 barrels of oil per 
acre-foot and is 50 or more feet thick, 
so that gravity drainage (the free fall 
of oil through the porous media) can 
occur. (Units in this paper are those 
used in the petroleum industry in the 
U.S.: metric units for viscosity and 
interfacial tension, British units for 
everything else,) For gravity drainage 
to be effective, the vertical perme¬ 
ability—which is usually much lower 
than the horizontal permeability be¬ 
cause of the way in which the non- 
spherical sand grains are packed in 
the reservoir rocks—must be good, 
and in addition the sand layers must 
be relatively free of shale layers that 
interrupt vertical drainage. There are 
not many oil reservoirs in the U.S, 
that satisfy these criteria, and the 
steam soak is limited in its major 
utility to several large fields—Kern 
River, Midway Sunset, Belridge, San 
Ardo, and Yorba Linda—in the San 
Joaquin, Coastal, and Los Angeles 
basins. Because the steam-soak 
method was introduced twenty years 
ago, it is now considered conventional 
practice, and most of the oil recover¬ 
able by this technique has already 
been included in the estimated ulti¬ 
mate recovery of crude oil. 

In most instances, the steam-soak ■ 
method is being replaced by a 
steam-drive method that has proved 
to be extremely efficient in terms of 
oil recovery, in some cases increasing 
recovery to as much as 70% of the 
original oil in place. In a steam-drive 
operation, steam is injected into al¬ 
ternate wells in order to heat the oil 
and drive it to adjacent offsetting 
wells. The success of the method is a 
direct function of the quantity of la¬ 
tent heat injected, which puts a pre¬ 
mium on the quality of the steam that 
reaches the reservoir. Unfortunately, 
the water available to most operators 
tends to be brackish at best, and even 
after it has been softened, it is im¬ 
possible to generate steam of more 
than 80% quality (viz. weight fraction 
of vapor) without serious problems 
due to scale deposition in the steam 
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tii'Volfiti to the lubrication of down¬ 
hole; generators that would 
avoid the heat loss and resultant loss 
in quality between the surface gen¬ 
erator and the sand face. One advan¬ 
tage of down-hole generators is that 
pollutants- "Sttifur and nitrogen ox* 

Sites.that must now be removed 

from the stack gases by scrubbers, 
would be injected into the formation, 
where they might he efficiently cap¬ 
tured by sorption and chemical reac¬ 
tion with the constituent minerals. 
Nevertheless, the reliability of 
down-hide generators is still to be 
demonstrated. 

The steam drive works somewhat 
differently than might be expected 
from its name. Instead of pushing, or 
driving, the oil ahead of it, the steam 
flows > iver t he oil, transferring heat by 
conduction to the column of oil be¬ 
neath it, The oil at the interface be¬ 
tween t he steam and the oil column, 
its viscosity reduced, is then dragged 
along by the steam to the producing 
well, As the oil is depleted, the steam 
zone expands vertically and still 
maintains a steam-oil interface, In the 
steam drive system, the steam is thus 
called upon to serve two functions: it 
kith heats and transports the oil. It is 
difficult to optimize both functions 
simultaneously, and as a result, some 
steam must always be circulated 
through the formation without con¬ 
densing, in order to provide the 
driving force to displace the heated 
oil. Even in some of the most favor¬ 
able reservoirs, it is necessary to use 
energy equivalent to burning at least 
25% of the crude oil produced, in 
order to generate the required 
amount of steam, and in California 
the current average is about 35%. 

The extension of the steam-drive 
system to very viscous oils—bitu¬ 
mens—that must be heated to still 
higher temperatures than the lower- 
viacosity, but still viscous, crudes in 
California—say, 350°F—for the vis¬ 
cous oils to become sufficiently mo¬ 
bile is limited by the fact that still 
greater percentages of the oil pro¬ 
duced must be consumed for boiler 
fuel There is a similar limitation for 
rwrvoirs that contain less than 500 
barrels per acre-foot, since it requires 
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u , j.f eam almost that much fuel to generate 
•lull lead enough steam to effectively heat an 
are fro- acre-foot of reservoir sand to the re¬ 
quired temperature. 

ms been Research is currently underway to 
if down- increase the efficiency of steam-drive 
t W(m i(l systems. Physically scaled models of 
taut loss the crude oil reservoirs and the 
ace gen - steam-drive process, which have been 
eadvan- used to study the effect of various 
•s is that fluid and reservoir parameters on the 
i,gen ox- steam drive, are now being used to 
removed study the possibility of substituting 
rubbers, an inert gas for some of the steam and 
rination, generating a foam of steam and a 
ltly cap- noncondensable gas that would be a 
eaireac- more efficient displacing fluid, 
minerals. However, one of the best ways to in- 
ility of crease the applicability of the steam 
111 to he drive is to substitute coal for crude oil 
(or residual fuel oil) as the boiler fuel. 
The cost of a coal-derived Btu of heat 
mewhat energy will probably always be less 
xpected than that of an oil-derived Btu, and 
Ting, or the substitution of coal for oil would 
le steam release more crude oil for downstream 
; heat by refining and conversion to desirable 
f oil be- liquid fuels, The use of coal for gen- 
face be- erating steam in the oil fields might 
column, be the most efficient coal-liquefaction 
dragged process available to the nation! 
oducing 

ie steam In another thermal recovery method, 
nd still quenched in-situ combustion, what 
e, In the amounts to a steam drive is generated 
i is thus in situ by the simultaneous or alter- 
tions: it nate injection of air and water into a 
oil. It is burning reservoir. Originally in-situ 
mctions combustion was expected to work 
It, some simply by propagating a fire front 
culated within the reservoir. However, early 
tut con- attempts to employ dry in-situ com- 
ide the bustion resulted in numerous oper- 
heated ating problems: corrosion of the pro- 
t favor- ducing wells, production of very tight 
y to use emulsions of water in oil that were 
at least difficult to treat, and high operating 
iced, in and maintenance costs of the high- 
squired pressure, high-volume air compres- 
lifornia sors that were used to deliver millions 
15%. of cubic feet of air per day at dis¬ 
charge pressures of about 1,000 psi. 
n-drive Research studies at the Shell Labo- 
—bitu- ratories in Holland revealed that it 
to still was possible to inject water and air 
i lower- simultaneously, thereby causing the 
udes m water to absorb the heat of combus¬ 
ts vis- tion and be converted to steam with- 
% mo- out dousing the fire or inhibiting the 
iat still advance of the combustion wave, The 
'll pro- water/air ratio is not very critical to 
' boiler the success of the operation. The chief 
ion for advantage of this process over direct 
ian500 steam injection is that the steam is 
squires generated in situ, and the overall 


thermal efficiency is therefore much 
higher. However, many of the oper¬ 
ating problems associated with in-situ 
combustion persist, and use of toe 
technique has not become wide¬ 
spread. Nevertheless, two very suc¬ 
cessful, low-pressure operations are 
now underway in northern Louisiana 
within reservoirs containing crude oil ^ 
of intermediate viscosity. ) 

No less than two billion barrels of 
crude oil will be recovered in the U.S, 
by steam-drive technology, a scheme 
conceived initially in a research lab¬ 
oratory and developed subsequently 
in numerous pilot operations in the 
field. If continued research and de¬ 
velopment are successful, it may be 
possible to recover by this method as 
much as five billion barrels of oil in 
the U.S. and a hundred billion or 
more barrels in Canada and Venezu- 
ela, where vast accumulations of hi- i. 
tuminous sands are found. 

Chemical flooding 

During the fifties and sixties, water- 
flooding was the predominant meth¬ 
od for supplementing recovery from 1 
solution gas-drive reservoirs. The 1 
technology was first developed in f 
Pennsylvania in the 1890s. Corrosion I 
of the casings—pipes cemented into 
the bore holes to prevent both their ! 
collapse and contamination of surface f 
waters by oil—caused by electro- j; 
chemical cells set up by contact with \ 
groundwaters of varying salinity and | 
oxidation potential occurred rein- l 
tively frequently in the early opera- £ 
tions in Pennsylvania. Holes in cns- f 
ings opposing shallow aquifers per- j 
mitted water to pour into the wells [ 
and down into the underlying reser- ; 
voirs. The encroaching water had the j 
effect of maintaining the pressure in 1 
the reservoir and physically displac- > 
ing some of the crude oil ahead of it, i 
Several operators, correlating a bet- t 
ter-than-average oil production with ! 
the occurrence of casing problems in l ; 
offsetting wells, conceived the idea of : 
purposely injecting water into wells ! 
alternating with producing wells in : 
order to offset the natural decline in j 
reservoir pressure as oil is removed. 

The state of Pennsylvania quickly 
outlawed this practice, on the basis of ' 
erroneous deductions by some geol- 
ogists, who claimed that eontamina. 
bon of oil sands with water would 
destroy their productivity. This nrn 
hibition gave rise to gangs of moon- : 


Figure 4. As a result of waterflooding, an oil 
field shows a secondary peak in production. 

Shortly thereafter, the fraction of water in the 
fluids produced increases rapidly. Since it costs 
as much to lift a barrel of water as a barrel of 
oil, the net cost per barrel of oil goes up rapidly, 
and a second economic limit is reached. 5 
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light casing-cutters (“a leak is a entails many additional costs: the thread, leaving it. surrounded by 

leak”), who plied their trade costs of treating the water for injec- water. Once the leading edge of the oil 

throughout the oil fields of Appala- tion into the fine pores (50-100 mi- glob has been snapped off, the pres- 

chia. They, along with the rum run- crons, say) of the reservoir; the cost of sure required to deform it so that it 

ners, lost their jobs when the prohi- fighting brine-borne sulfate-reducing can squeeze through the constriction 

bition against waterflooding and the bacteria —Desulphovibrio desul- is so great as to be unattainable 

Volstead Act were simultaneously phuricans, which is an extremely re- without rupturing the reservoir it- 

repealed, sistant strain—that lead to sulfide self. 

corrosion and the accumulation of 

Waterflooding rapidly became an art organic masses on the reservoir sand The injection of surfactants in aque- 
in the oil fields of Pennsylvania but face, which reduce its permeability to ous solution to affect interfacial ten- 

did not begin to spread to the rest of water; and the sheer cost of power for sion and reduce capillary pressure to 
the country until the late thirties, injecting and then lifting as much as a level that would permit release of 

when the pace of new oil discovery ten volumes of brine for every volume immobilized oil was proposed many 

slackened. The interest in water- of oil produced. The oil industry in years ago. To lower the capillary 

flooding was further stimulated by the U.S. today produces about 6 to 7 pressure by this amount would re- 

the observation that in many of the barrels of water for every barrel of quire lowering the interfacial tension 

giant reservoirs discovered in east oil. between oil and water to about 10" 3 

Texas in the thirties, production was to 1(H dyne/cm-several orders of 

very prolific because there was no There are two principal reasons why magnitude less than the normal val- 
decline in pressure, due to natural a waterflood fails to recover more of ues of about 20 to 30 dynes/cm. Such 
influxes of water from adjacent aq- the oil: the pores within the reservoir a reduction can indeed be achieved in 

uifers. The recovery efficiency from rock are not uniform in size (Fig. 5), vitro, but in crude oil reservoirs the 

the east Texas reservoirs, which con- and the water is usually less viscous effectiveness of simple surfactants is 
tain uniform, clay-free sands, may than the oil. What happens is that the vitiated by adsorption of the surfac- 
exceed 70%. Unfortunately, the only fluids move faster through the larger tant onto reservoir minerals, salting- 
other place where such reservoirs pores (Fig. 6), and once a water-oil out by reservoir brines, and bacterial 
occur to any extent is south Loui- interface gets ahead of the average degradation. Even more important, a 
g j ana position, the flow of water is acceler- low interfacial tension prevents the 

ated relative to that of oil because of fine pores from taking up water and 
Overall waterflooding is raising re- its lower viscosity. Hence, in most permits the surfactant solution to 
covery efficiency by a factor of about reservoirs, the water eventually tends finger from the injection well to the 
15 to 2 over that produced by solu- to flow as a finger through the oil and production well quite rapidly. Very 
tion gas drive alone, to an average of bypass some of it. This effect is less sophisticated solutions of surfactants, 
about 40% of the original oil in place pronounced than might be antici- co-surfactants, and inorganic salts 
in the U.S. Not all reservoirs can be pated on the basis of the heterogene- have been developed that overcome 
waterflooded however, due to prob- ity of the pores, owing to the fact that many of these problems. The solu- 
lems such as heterogeneous sand de- it is water, not oil, that preferentially tions are frequently loaded with 
velopment or diverse ownership of wets the minerals comprising the water-soluble polymers, hydrolyzed 
the mineral rights to a reservoir. The reservoir. As a result, water is taken acrylate polymers, and polysaccha- 
production history of a reservoir up by the fine pores of the reservoir rides, to prevent fingering and to 
subject to waterflooding is shown in rock. As the oil is for ced through a improve the sweep of the reservoir by 
Figure 4 The secondary development constriction into a pore already filled the injected solution. They are known 
peak occurs relatively soon after the with water, the changing curvature of as micellar-polymer fluids, because 
onset of waterflooding, and shortly the oil glob affects the distribution of the surfactant is usually present at 
thereafter the production of water capillary pressure on its surface in concentrations above the critical 
increases rapidly, at the expense of such a way that the water streams to concentration for micelle formation; 
the oil production. Waterflooding the constriction and cuts off the oil unfortunately they are very expen- 
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Kgiw 5 . The chief factors limiting recovery 
dficieney are the heterogeneity in grain and 
| t „re -!-hiran in this. canning electron 
raicregraph of a reservoir sand (enlarged ~75 
times!, and the viscosity of the crude oil, which 
r greater than' that uf water. 


she. Although extremely encouraging 
results have been obtained with nu¬ 
merous formulations in many labo¬ 
ratories, pilot studies in the field have 
so far been generally discouraging. 

One of the great problems in devel¬ 
oping effective chemical floods for use 
in real reservoirs is our inability to 
scale the process physically in the 
laboratory. The laboratory experi¬ 
ments are done on sand packs and 
stacked cores 5-7 cm in diameter that 
have been taken from the reservoir, 
and the experiments are over in hours 
or days; in the reservoir, however, 
dimensions are measured in hundreds 
of meters and time scales in years. 
The problem stems from the impos¬ 
sibility of simultaneously scaling ad¬ 
sorption and capillarity on the one 
hand and viscous fluid flow on the 
other. It is conservatively estimated 
that, 250-500 million dollars has al¬ 
ready been spent on research and 
development studies of chemical 
flooding. Reviewers of the technology 
on behalf of the U.S. Department of 
Energy and the Office of Technolog¬ 
ical Assessment of the U.S. Congress 
have concluded that there is not 
much prospect for a significant con¬ 
tribution to enhanced oil recovery 
from chemical flooding in the coming 
decades. The process seems to require 
more sophisticated control than can 
be achieved in the oilfield, where, 
once the fluids are injected, the res¬ 
ervoir itself takes over. However, the 
promise of the method is so great that 
research is continuing despite the 
disappointments. 
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Carbon dioxide flooding 

At t he time of the Suez crisis in the 
late fifties, the oil industry, faced with 
the curtailment of supplies to western 
Europe (the U.S. was not a significant 
importer at the time), engaged in a 
sizable amount of research and de¬ 
velopment work in solvent, or misci¬ 
ble, flooding. The preferred solvent 
was LPG (liquefied petroleum gas, 
primarily propane), which was then 
in little demand and was relatively 
inexpensive. The theory behind the 
idea is quite straightforward. A slug 
of LPG—about 5% of the size of the 
reservoir, say—is injected into the 
reservoir, as a result of which the re¬ 
sidual crude oil, which is miscible 
with LPG, is banked up ahead of it. 
The LPG is followed by natural gas, 
which, since the two are miscible, 
displaces it, and water, which, be¬ 
cause of its higher viscosity, displaces 
the natural gas in a pistonlike fashion. 
Field tests gave rather disappointing 
results, however. The principal 
problem was traced to the fingering of 
LPG through any oil bank that de¬ 
veloped, owing to its much lower vis¬ 
cosity. In other words, fingering due 
to an unfavorable viscosity ratio and 
reservoir heterogeneity occurs in both 
miscible and nonmiscible displace¬ 
ment. The ending of the Suez crisis 



Figure 6. Water injected into the reservoir will 
advance faster in some interstices than others, 
because of the heterogeneity of the porous 
network. The oil in the bypassed channels be¬ 
comes trapped by capillary forces. This sche¬ 
matic representation of water invasion in par¬ 
allel pores originally filled with oil shows ( top 
to bottom) the water as it first enters the pore, 
the oil/water boundary moving faster in the 
upper channel, and the siiap-off and retraction 
of the oil thread in the lower pore. Once iso¬ 
lated, the pressure required to release the oil is 
unattainable in practice. 


and the gradual increase in the value 
of LPG as a feedstock for the petro¬ 
chemical industry terminated further 
work on this process. 

Owing to the more sustained oil- 
supply problems of recent yearn, at¬ 
tention has again turned to the po¬ 
tential of so-called miscible flooding. 
It was discovered that carbon dioxide 
at high pressures has a significant 
solubility in most crude oils, although 
■ there is a miscibility gap at mol frac¬ 
tions above 60%, even at pressures as 
high as 5,000 psi. Field pilot studies 
have demonstrated conclusively that 
carbon dioxide at high pressures will 
mobilize and displace oil trapped by 
waterflooding. However, the amount 
of carbon dioxide required to recover 
an additional barrel of crude oil was 
found to be quite high—as much as 
30,000 standard cubic feet, compared 
to a theoretical value on the order of 
2,000. Such a high consumption of 
carbon dioxide negates the economic 
feasibility of the process. 

The actual mechanism by which the 
carbon dioxide recovers crude oil is 
the subject of much discussion in the 
technical literature, but precise 
comprehension could lead to break¬ 
throughs in the optimization of car¬ 
bon dioxide use. Some investigators 
believe that carbon dioxide functions 
by extracting some of the lighter 
components of the crude oil, thereby 
forming a new phase that can misei- 
bly bank up and displace the residual 
crude. Others believe that the carbon 
dioxide condenses in the residual oil 
to form such a new, miscible phase. 
Considering the experience with LPG 
flooding, it seems unlikely that a rel¬ 
atively small volume of a miscible 
fluid can maintain its integrity and 
stabilize the displacement process. 

Studies based on scaled physical 
models have provided further i might 
into the mechanism of carbon dioxide 
displacement. In most applications, 
carbon dioxide is in dense gaseous 
form, since the critical temperature is 
only 88°F. At supercritical pressures, 
carbon dioxide may have a density 
that exceeds that of the crude oil and 
approaches that of water. The vis- 
cosity of the dense gas is usually less 
than 0.1 centipoise—much less than 

that of water—and when injected into 

a waterflooded reservoir, this low- 
viscosity carbon dioxide tends 
finger through the more viscous 
aqueous phase that saturates most of 


the reservoir volume. It is only after 
carbon dioxide has displaced a sig¬ 
nificant amount of water that it can 
reach the residual oil that has been 
occluded and immobilized by the 
water. Upon contact, it dissolves in 
and swells the oil globs. Erstwhile 
immobilized globs begin to touch each 
other, and the relative permeability 
to the oil phase again becomes large 
enough for oil to flow. 

It can be seen that this process is ba¬ 
sically inefficient, because the carbon 
dioxide has to displace the water be¬ 
fore displacing the residual crude oil. 
As a result, the quantity of carbon 
dioxide theoretically required for 
mere volumetric replacement of the 
crude oil—about 2,000 standard cubic 
feet per barrel—cannot be achieved. 
The work to date suggests that 
7,000-10,000 standard cubic feet per 
barrel may be the best that can be 
done. This is accomplished by in¬ 
jecting carbon dioxide in discontin¬ 
uous slugs, rather than as a continu¬ 
ous stream. Although this lowers the 
amount of carbon dioxide that is re¬ 
quired, it also reduces the percentage 
recovery of the residual crude oil. 

The minimum cost of carbon dioxide 


Research and development have al¬ 
ready led to the implementation of 
the steam-drive process for the ex¬ 
tensive recovery of viscous crude oils 
from reservoirs with a high saturation 
of petroleum. The additional pro¬ 
duction that results—over 300,000 
barrels per day at the present 
time—may be increased to as much as 
500,000 barrels per day by 1990 if 
developments in progress, including 
the substitution of coal as fuel for the 
steam generators, come to fruition. 
Although work with carbon dioxide 
has been transferred successfully 
from the research laboratory to 
demonstrations in the field, more 
optimization is required to ensure a 
marginal economic return. Currently 
available solutions for micellar- 
polymer flooding may be limited to 
use in shallow reservoirs, where many 
wells can be drilled per unit area and 
fluid velocities are consequently high, 
thereby compensating for the current 
failure to achieve ultralow interfacial 
tensions. 

In view of the stark decline in pro¬ 
ducing capacity in the U.S. and the 
low probability of finding a signifi¬ 
cant number of giant and supergiant 
fields in the future, the enhanced oil 


recovery technology developed to 
date can, at very best, be counted on 
only to slow down the decline in do¬ 
mestic crude oil supplies. Because of 
the national need, continuing efforts 
are certainly called for, but they 
should not be substituted for the de¬ 
velopment of alternate energy 
sources. 
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consists of the costs of compression 
and prevention of corrosion—on the 
order of $0.50 to $1.00 per thousand 
standard cubic feet—plus the cost of 
procuring it. There are some natural, 
subsurface accumulations of carbon 
dioxide in the U.S., notably under the 
Jackson Dome in Mississippi and in 
several structures in the Rocky 
Mountains. Carbon dioxide from such 
sources would have to be piped to the 
oil fields, and the ultimate cost is es¬ 
timated to be in the range of $1 to $2 
per thousand cubic feet. Another 
potential source of carbon dioxide is 
in the stack gases of power plants and 
other industrial installations that 
burn fossil fuels; the gases would have 
to be purified to reduce—or virtually 
eliminate—the nitrogen content, 
since nitrogen is not as soluble in 
crude oil as carbon dioxide at com¬ 
parable pressures. The cost of puri¬ 
fication has been estimated to be on 
the order of $1 to $2 per thousand 
cubic feet. If adequate supplies of 
carbon dioxide can be made available, 
billions of additional barrels of crude 
oil may be recovered in the U.S. by 
this process; however, it is important 
to note that the use of carbon dioxide 
will add $15-50 to the cost of each 
barrel of oil. 



“Another one inhabited. That's three down and 
several hundred billion to go.” 
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Ultrastructural Approaches to the 
Organization of Central Synapses 

The ability to see the elements of synapses in 
incmsingly t fine detail has enhanced our 
understanding of their functions 


One of the greatest obstacles en- Gradually, however, the arguments of In silver-stained preparations, the 
countered by neurobiologists in their Santiago Ramon y Cajal, the main axonal terminations stand out as the 
st udy of the mammalian brain has protagonist of the neuron theory, and synaptic boutons on account of their 
been its complexity, For morpholog- the increasing use of a diverse range content of either mitochondria or 
ists this has entailed the arduous task of staining procedures and experi- neurofilaments, depending on the 
of wading through entangled net- mental approaches established that stain used. This enabled the boutons 
works of nerve cell (neuronal) pro- the functional connections between to be described in general terms; they 
cesses, in an attempt to bestow order neurons are indeed effected by close were characterized as spherical, or as 
and pattern on the seemingly disor- contact. So it was that the era of ring- and club-shaped profiles (Fig. 
dered. The neurohistologists of the synaptology was born, although as 1). Reticulated profiles, with a net- 
latter part of the nineteenth century early as 1897 Sir Charles Sherrington, work appearance, were also described, 
deserve our gratitude for doing pre- the doyen of English neurophysiolo- Hence the position and num ber of 
cisely this, as they ardently contended gists, had coined the term synapse to synaptic contacts could be deter- 
for either the reticular theory or its attempt to explain the characteristic mined, but little could be said about 
arch opponent, the neuron theory. As features of the reflex arc. While their internal structure. Even more 
we know so well today the neuron Sherrington’s use of the term had a perplexing was the observation that, 
theory, with its basic postulate that firm grounding in morphology, he in silver-stained preparations, bou- 


the neurons and their processes are 
individual units, emerged trium¬ 
phant, thereby setting the course for 
so much of subsequent neurobiology. 
Nevertheless, it would be remiss to 
overlook the reasonableness and at¬ 
traction of the reticular theory to 
some of the leading neurohistologists 
of the 1870s and 1880s, as they con¬ 
templated the possibility that the 
neurons constitute an integral part of 
a continuous network. 
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used it in a functional sense to denote 
those areas of close contact between 
neurons specialized for effective 
transmission from the one to the 
other. Underlying the word itself is 
the notion of one neuron “clasping” 
another or, more specifically, the axon 
of one clasping the dendrite or cell 
body (soma) of another, 

The picture evoked by this clasping 
concept had to remain vague and 
unstructured until the advent of 
electron microscope studies of the 
nervous system in the 1950s. Before 
moving into this realm, however, we 
should pay serious attention to the 
findings of the light-microscopists of 
the first half of this century. These, in 
turn, stemmed from the development 
of staining techniques such as the 
reduced-silver, methylene-blue-vital, 
Golgi and Nissl methods during the 
latter part of the nineteenth century. 
In general, these techniques high¬ 
lighted the axonal terminations on 
ceil bodies and dendrites (silver- 
stained preparation), or on the whole 
neuron, including its cell body and 
numerous processes, of just 2-3% of 
the total number of neurons (Golgi 
preparation). 


tons appeared to be absent from the 
cerebral cortex but present in the 
spinal cord. Here was a paradox 
which had to remain unresolved until 
the electron microscope studies of the 
mid-1950s revealed that spinal cord 
synapses, unlike cortical ones, are 
characterized by neurofilamenfcous 
rings Within the axonal termination 
(see Gray and Guillery 1966). 

Of greatest interest in contemporary 
terms are the Golgi preparations, with 
their beautiful depiction of complete 
neurons (Fig. 2). These were bril¬ 
liantly exploited by Cajal at the turn 
of the century, and it was his use of 
this range of techniques that enabled 
him to lay the basis of so much of the 
circuitry of the central nervous sys¬ 
tem (CNS) and that opened the way 
to the classification of neuronal 
types. 

With Golgi preparations, it becomes 
evident that the neuron consists of a 
cell body, an axon, and dendrites. The 
respective sizes of these components 
and the number of processes present 
are the criteria on which neuronal 
classification is based. At higher 
magnifications, numerous spines can 


) 
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be recognized over the surfaces of the 
dendrites, and these mark the sites at 
which synaptic contacts occur be¬ 
tween the dendrites of one neuron 
and the axons of numerous adjacent 
neurons (Fig, 2). Over recent years 
investigators have discovered that the 
branching pattern of the den¬ 
drites—the dendritic tree—has a 
discernible regularity, in that the 
number of first-, second-, and third- 
order dendrites may provide useful 
dues to the growth of the neuron as a 
whole (Sholl 1956). This information 
is proving of value in experimental 
studies dealing, for instance, with the 
effects of malnutrition, sensory de¬ 
privation, and hypothyroidism on 
neuronal development (Coleman and 
Riesen 1968; Volkmar and Greenough 
1972). 

Further understanding of synaptic 
contacts, however, had to await the 
advent of ultrastructural studies in 
the mid-1950s. Initial studies, in the 
hands of people such as Eduardo De 
Robertis, Sanford Palay, and George 
Palade, confirmed that the synaptic 
boutons were indeed the enlarged 
axonal terminals, while an extracel¬ 
lular cleft was clearly seen between 
the respective neurons. It soon be¬ 
came clear that the synaptic complex 
consists of three components: pre¬ 
synaptic terminal, cleft, and post- 
synaptic process (Fig, 3). Of even 
greater interest were the 40 nm ve¬ 
sicular profiles (synaptic vesicles) 
within the presynaptic terminal, the 
size of the cleft (20 nm across), and 
the overall polarization of the synapse 
on account of the synaptic thickening 
in the postsynaptic process. 

Together, these three observations 
solved two problems. The presence of 
an extracellular cleft showed in irre¬ 
futable terms what had been postu¬ 
lated for many years—that there is no 
cytoplasmic continuity between the 
neurons implicated in a synapse. The 
size of the synaptic vesicles and also 
of the cleft confirmed the previous 
biophysical findings of Bernard Katz 
and co-workers (Katz 1966) that, at 
chemical synapses, the transmitter is 
released by the vesicles and liberated 
at the presynaptic membrane. 

More specifically, it appeared that the 
synaptic vesicles possessed the ap¬ 
propriate size range and occupied the 
appropriate position for the quantal 
units of transmitter. This observation 
led in turn to the vesicle hypothesis, 



Figure 1. Silver-stained preparations reveal the bouton can be distinguished, there is as yet 
various shapes of the neurofibrillar boutons, little indication of the substructure! organiza- 
represented here schematically on the spinal tion. 
cord ventral horn, Although several shapes of 



Figure 2. Golgi-stained preparations make it spread of the dendrites of each neuron; each 
possible to see complete neurons, each with its dendrite is composed of a branching trunk 
cell body, axon, and dendrites, as represented covered with “spines,” the actual sites of in- 
in this diagram. The dendritic field refers to the terneuronal synaptic contact. 

• :• 


according to which the synaptic ves- impressive body of research, partic- 
icle and the quantum of chemical ularly concerning the neuromuscular 
transmitter are equivalent, from junction, and the debate on the merits 
which it follows that quantal release of the vesicle hypothesis continues to 
is equivalent to the release of the produce provocative ideas and ex¬ 
contents of one vesicle into the syn- perimental approaches by physiolo- 
aptic cleft, Although the 1 assurance gists, biochemists, and morphologists 
with which the hypothesis may be (see Jones 1975; Heuser 1978; 
regarded has been shaken over recent Marchbanks 1978; Collier 1979; 
years by vigorous challenges to its Heuser et al. 1979; Israel et al. 1979; 
validity, it continues to generate an Tauc 1979; Zimmermann 1979). 
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Figure 3. The synaptic complex consists of the microscope analysis (left) and electron mic- 
presynaptic terminal, the cleft, and the post- roscope analysis (right)] represented in both 
synaptic process. Strikingly different resolu- views is a portion of the dendritic trunk shown 
lions of these structures are obtained from light in Figure 2, 
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vesicle attachment site postsynaptic thickening 

Figure 4. The presynaptic terminal of a central and staining techniques and are shown to- 

synapse is shown schematically with its major gether here to give the impression of the ter- 
components. These components are high- minal as an integrated unit, 
lighted in the laboratory by various fixation 


Basic concepts of 
synaptic ultrastructure 

Central synapses are characterized by 
a presynaptic terminal consisting not 
only of synaptic vesicles but also of 
one or more energy-generating mito¬ 
chondria, coated vesicles, smooth 
endoplasmic reticulum (perhaps in 
the form of cisternae), vacuoles, pos¬ 
sibly microtubules, and a diffusely 
distributed microfilamentous net¬ 
work. Running alongside the cleft is 
the “active zone” of the terminal, 
Where the vesicles make contact with 
the presynaptic membrane and lib- 
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erate their transmitter into the cleft. 
The presynaptic membrane is dis¬ 
tinguished on three counts: (1) its 
curvature varies under different ex¬ 
perimental circumstances; (2) it may 
be characterized by modulations and 
omega-shaped profiles (vesicle at¬ 
tachment sites) and therefore appear 
wrinkled; (3) it is associated with 
proteinaceous dense projections .lo¬ 
cated on the cytoplasmic aspect of the 
membrane and distributed hexago- 
nally as the presynaptic vesicular grid 
(see Pig. 4). 

Before discussing these characteris¬ 


tics in greater detail, we need to re¬ 
trace our steps to the early littKk, 
when the major concern was with the 
subdivision of cortical synapses into 
different types. The initial contribu¬ 
tion to this endeavor was made by 
George Gray with his categorization 
of cortical synapses into types 1 and 
2, based on the length and separation 
of the paramembranous thickenings 
the depth of the postsynaptic thick¬ 
ening compared with the presynaptk , 
and the clarity of the cleft material. 
Type 1 synapses appeared to be 
principally axodendritic and type 2 
axosomatic (Gray 1959). 

This distinction between synaptic 
types has subsequently been exten¬ 
sively used in the literature and him 
by now, become an integral part of 
synaptic terminology. However, iw f 
must keep in mind that it was enun¬ 
ciated using a fixation and staining 
schedule (osmium tetroxide fixation 
and phosphotungstic acid staining) 
no longer employed, it holds best in ; 
cerebral and cerebellar cortices, and : 
there are far more synaptic types in 
existence than just axodendritic anti 
axosomatic varieties. Among others 
are axospinous, dendroctawlrilic, 
axoaxonal, and serial synapses her * 
presynaptic inhibition), even the*: j 
being capable of further subdivision j 
in different neuronal sites. With tb j 
recognition of a variety of morph*, j 
logical types has come an awarem - j 
that an increasing number of elicits;- | 
cal substances may serve as trait*, j 
mitters, including acetylcholine j 
noradrenaline, 5-hydroxytryptamirii?, 
histamine, dopamine, y-ammoimfy- 
ric acid, glutamine, glycine, taurine, - 
and. substance P. The relationship 
between a particular morphologically 
identified synaptic type and a par¬ 
ticular neurotransmitter in far frwrb 
clear, and any one type may be in¬ 
flated with more than one trails ' 
mitter. j 

Some progress has been made in tlb : 
direction, however, by correlating - 
vesicle types with junction eimrac ; 
teristics. It was noted by Koji tk*hi v 
zono (1965) that in aldehyde-fixed - 
cerebellar cortex the synaptic vmtfc .i 
in excitatory synapses were round $ 
while those in inhibitory synapw ■ 
flattened. This obwmfteS 
holds for many other CNS situnt iuiu,; 
“ 7ji“ d ’ wlule the rational* I* 

hind the flattening phenomenon ha* i 
been ardently if inconclusively de^! 
bated, the distinction has proved a 


Neuromuscular junction 


helpful one. Alongside this observa¬ 
tion must be placed a complementary 
one—namely that the Gray type 1 
synapses may be excitatory and the 
Gray type 2 inhibitory. When it is 
realized that, in aldehyde-fixed ma¬ 
terial, the Gray type 1 synapses are 
asymmetrical and the Gray type 2 
synapses symmetrical, we arrive at 
the equations: Gray type I - asym¬ 
metrical junction = round vesicles; 
and Gray type 2 = symmetrical 
junction - flattened vesicles. 

It must be conceded that these are 
generalizations, which do not hold in 
all neuronal circuits. Nevertheless, 
they are helpful ones in many cir¬ 
cumstances and constitute an im- 



Figure 5. Synaptic vesicles release their trans¬ 
mitter content at a point of contact with the 
presynaptic membrane. Within the central 
synapse these points of contact are between the 
dense projections, distributed in a network 
known as the presynaptic vesicular grid, At a 


neuromuscular junction the points of contact 
are alongside a single band—the dense bar. 
Synaptic vesicles line up on both sides of the 
dense bar, whereas the presynaptic vesicular 
grid permits the accommodation of six vesicles 
around each dense projection, 


porlant, if preliminary, attempt at 
bridging the gap between morpho¬ 
logical and functional realms, Un¬ 
fortunately, the explanatory power of 
this model is decreasing as the diver¬ 
sity of synaptic types demanding in¬ 
tegration within the model increases, 
since these synaptic types utilize a 
wide range of excitatory and inhibi¬ 
tory transmitters. The only definite 
guide in this connection is the asso¬ 
ciation of terminals containing a 
preponderance of dense-cored ves¬ 
icles and noradrenaline as trans¬ 
mitter. 

Home of the most notable advances in 
our understanding of synaptic ultra- 
structure concern the paramembra- 
notiH densities that is, the densities 
found on either side of the pre- and 
postsynaptic membranes. These are 
highlighted by the use of aldehyde- 
fixed, phosphotungstic acid-stained 
(B-PTA) material, with the triangu¬ 
lar-shaped dense projections of the 
presynaptic terminal emerging as of 
especial significance. What is partic¬ 
ularly interesting is that in tangen¬ 
tially sectioned terminals these dense 
projections are seen to be triangularly 
distributed, each projection being 
surrounded by six spaces. These 
spaces probably correspond to the 
posi tions of synaptic vesicles, the re¬ 
sult being that six vesicles can he ac¬ 
commodated around each dense 
projection (Fig. 5). 

The overall arrangement of the dense 
projections plus surrounding vesicu¬ 
lar spaces is that of an orderly grid, 
the presynaptic micular grid. The 
significance of this grid-type of or¬ 
ganization, first described by George 
Gray and later elaborated by Konrad 
Akert, is that it allows one vesicle at 


a time to make contact with any one 
point on the presynaptic membrane 
(Gray 1963; Akert et al. 1969). Since 
the synaptic vesicles, on reaching the 
presynaptic membrane, release their 
transmitter content into the cleft, this 
form of grid organization introduces 
a means by which transmitter release 
can be controlled. 

A well-defined grid arrangement is 
present at most central synapses, but 
is strikingly absent at neuromuscular 
junctions. The presynaptic termi¬ 
nals in this instance are characterized 
by single presynaptic bars, which are 
parallel bands running perpendicular 
to the long axis of the terminal and 
facing the openings of the junctional 
folds (Couteaux and Pecot-Dechav- 
assine 1970). Vesicles line up on both 
sides of each density and in this 
manner make contact with the 
membrane of the active zone (see Fig. 
5), The major consequence of this 
difference in terminal organization is 
that neuromuscular synapses are 
potentially four to eight times less 
densely packed with release sites for 
synaptic vesicles than are central 
synaptic sites (Akert and Peper 
1975). 

Even when a presynaptic vesicular 
grid is present, it is confined to the 
vicinity of the presynaptic membrane 
and active zone of the terminal. It 
extends little more than 100 nm into 
the presynaptic terminal, leaving the 
remainder of the terminal with a less 
orderly organization, Instead, as 
hinted at in Figure 5, what is present 
in this proximal part of the terminal 


is a diffuse presynaptic network. 
While this network appears to mani¬ 
fest a hexagonal array, it is distrib¬ 
uted throughout the terminal and has 
connections with both the dense 
projections and the plasma mem¬ 
brane enveloping the terminal (Jones 
1969). 

An alternative approach to the ques¬ 
tion of the nature of this network is 
provided by the search for actin-like 
proteins in the presynaptic terminal. 
These proteins are stained by heavy 
meromyosin (HMM) labeling, form¬ 
ing a dense network distributed 
throughout the terminal in much the 
same manner as the presynaptic 
network (Le Beux and Willemot 
1976). It may well be that the two 
networks are synonymous, and that 
this actin-like microfilamentous 
network is implicated in drawing 
synaptic vesicles toward the presyn¬ 
aptic membrane. This may be ac¬ 
complished by the interaction of the 
actin with myosin, which appears to 
have some association with the syn¬ 
aptic vesicles, 

The assumption is generally made 
that the vesicular grid and network, 
which are preferentially demon¬ 
strated in E-PTA-stained material, 
provide clues about the distribution 
of synaptic vesicles in the terminal. In 
terms of the vesicular grid and net¬ 
work model, there is a greater number 
and closer packing of vesicles in the 
vicinity of the presynaptic membrane 
than farther away from it, The closely 
packed vesicles may represent those 
with readily releasable transmitter, 
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and it is tempting to speculate that 
the more proximally situated ones 
serve a storage function. The neuro¬ 
chemical evidence basic to such a 
distinction is, however, equivocal at 
present. From a morphological 
standpoint we need to know whether 
the more proximal vesicles distrib¬ 
uted within the presynaptic network 
have a discernible organization and, 
if so, what its relationship is to the 
hexagonal distribution of the vesicles 
within the presynaptic vesicular 
grid. 

An element missing from this account 
of synaptic organization is the rela¬ 
tionship between the synaptic vesicles 
and presynaptic membrane. Thin- 
sectioned material is limited in the 
information it is capable of providing 
on this relationship, and for help in 
this direction recourse to freeze-etch 
studies is essential. 

Freeze-etching causes unit mem¬ 
branes to split, so that the internal 
surfaces of both leaflets are exposed. 
One of the features of the presynaptic 
area is an aggregation of 20 nm pro¬ 
files which appear as protuberances 
or pits, depending on the membrane 
face examined: protuberances when 
the junction is viewed from the 
presynaptic cytoplasmic side, and pits 
when examined from the extracellular 
space of the cleft. When these protu¬ 
berances/pits are clearly seen they 
appear in groups which, on some oc¬ 
casions, have a hexagonal arrange¬ 
ment and in which the profiles are 
40-50 nm apart. Since this spacing 
corresponds to that of the synaptic 
vesicles surrounding dense projec¬ 
tions in the presynaptic vesicular grid 
(see Fig. 5), it has been postulated 
that they serve as sites for the at¬ 
tachment of vesicles to the presyn¬ 
aptic membrane—hence their name, 
vesicle attachment sites (Akert et al. 
1972; Pfenninger et al. 1972). 

Our understanding of the contribu¬ 
tion of these vesicle attachment sites 
(VAS) to neurotransmitter release is 
based on the suggestion that, when a 
vesicle within the presynaptic vesic¬ 
ular grid approaches the presynaptic 
membrane, it becomes attached to a 
VAS. The contiguous membranes of 
the vesicle and the VAS fuse, thereby 
opening a channel for the passage of 
the transmitter substance from the 
vesicle and through the presynaptic 
membrane (Fig. 6). Once this process 
has hpftn completed the membranes 
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Figure 6. The current understanding of the way 
in which vesicular membrane is recycled 
through the presynaptic terminal is illustrated 
in this diagram. Assuming that endocytosis and 
exocytosis take place at the sites shown, the 
membrane travels in the directions indicated 
by the arrows: within the presynaptic terminal 
and through the presynaptic vesicular grid 
following endocytosis, and back into the ter¬ 
minal membrane following exocytosis. 


may reseal, allowing the vesicle to 
move back into the terminal, or the 
vesicle membrane may become in¬ 
corporated into the terminal mem¬ 
brane for reutilization via endocytosis 
and the formation of a new vesicle 
away from the presynaptic membrane 
(Jones 1978). 

This interpretation of the significance 
of VAS gains support from function¬ 
ally oriented studies comparing un¬ 
anesthetized and anesthetized ma¬ 
terial (Streit et al. 1972),. and stimu¬ 
lated as opposed to unstimulated 
material (Heuser et al. 1974). In both 
instances, the more active of the two 
preparations is distinguished by sy¬ 
napses with a marked increase in 
numbers of VAS. Furthermore, as 
demonstrated by John Heuser and 
Thomas Reese, when a very rapid 
method of freezing tissue is adopted, 
precluding the use of prior fixatives, 
stimulation in the presence of 4- 
aminopyridine results in abundant 
examples of synaptic vesicle exocyt¬ 
osis (Heuser 1977; Heuser et al, 1979). 
As 4-aminopyridine probably acts by 
prolonging the opening of calcium 
channels and triggering the discharge 
of an increased number of quanta 
(Jan et al. 1977; Tokunaga et al. 
1979), the combination of this chem¬ 
ical and quick-freezing provides ad¬ 
ditional evidence for the implication 
of VAS in the sequence of synaptic 
vesicle exocytosis, collapse, and re- 
' r 'eul from presynaptic mem- 
brane. 


Underlying this concept is that of 

an exocytotic-endocytotie cycling 
mechanism, whereby transmitter re¬ 
lease at the presynaptic membrane is 
accomplished by exocytosis of the 
vesicle membrane and the re-uptake 
of terminal plasma membrane via an 
endocytotic mechanism (Fig. 6). 'This 
recapturing process is carried out by 
coated vesicles, as the return of 
membrane into the terminal involves 
coating of the invaginated membrane. 
The coated invagination, in its turn, 
breaks off to become a typical coated 
vesicle, which gradually sheds its coat 
to form a synaptic vesicle or merges 
with other coated vesicles to give rise 
to a vacuole or cistern. Synaptic ves¬ 
icles subsequently bud off the cis¬ 
terns. Depending on the validity of 
this scheme, coated vesicles may serve 
as intermediate steps in the local re¬ 
circulation of membrane within the 
presynaptic terminal. 

Another suggested role for coated 
vesicles is that they may help reduce 
the calcium level in the terminal fol¬ 
lowing neurotransmitter release. This 
is based on their ability to sequester 
calcium ions and on the fact that 
neurotransmitter release is triggered 
by calcium influx. Such a role would 
prevent uncontrolled exocytosis. 
Calcium uptake by coated vesicles 
may also be necessary for the fusion 
of coated vesicle membrane with that 
of other organelle membranes (Blitz 
e.t al. 1977). 

The recycling scheme has proved of 
immense usefulness in providing a 
firm foundation for an understanding 
of vesicle dynamics. Nevertheless, 
conceptual and technical difficulties 
remain. For instance, the uptake of an 
extracellular tracer such as horse¬ 
radish peroxidase is, at best, an indi¬ 
rect means of describing transmitter 
uptake and release. Then again, the 
aldehyde fixation used in the vast 
majority of transmitter studies may 
be slowing down and hence distorting 
the appearance of membrane changes 
accompanying exocytosis. In bio- 
chemical terms, this scheme largely 
ignores the cytoplasmic pools of 
transmitter and hence pays little re¬ 
gard to the claims of a membrane 
channel model of transmitter release. 
Nevertheless, it is premature to argue 
that the vesicle hypothesis, and its 
associated membrane movements, 
cannot survive experimental test. 
What is required is an integration of 
morphological and biochemical con¬ 


cepts, and the development of a more 
rigorous quantitative approach to 
vesicle-cytoplasmic and vesicle- 
membrane relationships. Quick- 
freezing techniques are opening the 
way to such integration (Heuser et al. 
1979) and will, it is hoped, provide a 
basis for a clearer appreciation of the 
roles played by the myriad compo¬ 
nents of. neurotransmission. 

Search for parameters 

One of the thrusts behind the devel¬ 
opment of the E-PTA staining tech¬ 
nique was the potential it appeared to 
offer to quantify synaptic ultra¬ 
structure. Until the early 1970s, the 
possibility of quantification of this 
order had appeared illusory, and 
workers had concentrated their ef¬ 
forts on estimating synaptic density 
and, to a lesser extent, synaptic con¬ 
nectivity. Useful as these counts have 
proved, particularly in experimental 
investigations, they are limited in 
. scope and fail to come to grips with 
the intriguing question of how sy¬ 
napses, as organizational units, un¬ 
dergo modification during develop¬ 
ment and in response to metabolic 
and hormonal demands, 

It was in an attempt to bridge this gap 
that I originally employed the E-PTA 
technique as a means of quantifying 
synaptic development in rat and 
guinea pig cerebral cortex (Jones and 
Brearley 1972; Jones et al. 1974). 
Earlier studies conducted by Floyd 
Bloom, and more recent ones from 
this and other laboratories, have also 
exploited the orderliness of the par- 
amemhranous densities for quanti¬ 
tative approaches to synaptic orga¬ 
nization (Bloom 1972; Vrensen and 
De Groot 1973; Vrensen et al. 1977, 
1980; Burry and Lasher 1978; De 
Groot and Vrensen 1978). This led to 
the concept of the presynaptic vesic¬ 
ular grid, although until recently a 
drawback of relying heavily on the 
grid has been that it is only seen in 
tangentially sectioned (en face ) syn¬ 
aptic junctions. This has militated 
against its usefulness in quantitative 
investigations, due to the small per¬ 
centage of junctions available for 
analysis. Transversely sectioned 
junctions have therefore proved 
preferable in this regard, although 
Vrensen and co-workers (1980) have 
outlined ways of analyzing cn face 
aynaptic junctions. 

The use of E-PTA-stained material is 


number of dense projections 
separation 

flight base f “j 
base width i 

r-Ri J 1 1 

height j / . j / \ j / \ 

•Li. . M ... . 

cleft width) 

j 

length of 

postsynaptlc thickening 
Figure 7. The E-PTA staining technique allows 
investigators to measure several useful pa¬ 
rameters of the synaptic junction. 
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Figure 8, Nonjunctional synaptic parameters 
are studied with aldehyde-osmium prepara¬ 
tions, One of these parameters—curvature of 
the junctional region-can be characterized as 
one of three types. 


of value in the study of junctional 
characteristics; the most widely em¬ 
ployed parameters are illustrated in 
Figure 7. These include the height 
and base width of the dense projec¬ 
tions, the ratio of the height of the 
dense projections to their base width, 
the length of the postsynaptic thick¬ 
ening, and the cleft width. In addi¬ 
tion, the number of dense projections 
per junction has also proved of value 
as a rapid assessment of junctional 
length. The distance separating dense 
projections at either their apex or 
their base has also proved of interest 
in relation to the accessibility of the 
presynaptic membrane to synaptic 
vesicles passing through the grid. 
Great care has to be exercised, how¬ 
ever, to ensure that measuring pro¬ 
cedures of this nature are statistically 
reliable and are not simply reflecting 
differences in planes of sectioning. 


Of these parameters, undoubtedly the 
most frequently used index is post¬ 
synaptic thickening length. This is 
taken to represent the length of the 
synaptic junction and may be ex¬ 
pressed simply as synaptic length. Its 
usefulness stems from the fact that it 
is readily measured, even by those 
who do not wish to carry out an ex¬ 
haustive quantitative study of syn¬ 
aptic parameters (e.g. Diamond et al. 
1975). Furthermore, it is easily rec¬ 
ognized in both conventional alde¬ 
hyde-osmium material and E-PTA 
preparations. As a result it occupies 
a position of paramount importance 
in quantitation of synaptic junctions, 
as evidenced by its widespread use in 
synaptogenic, environmental, nutri¬ 
tional, and visual deprivation 
studies. 

Synaptic length is remarkably con¬ 
sistent in adult synaptic junctions, in 
studies emanating from different 
laboratories and even on different 
species. Its mean value is of the order 
of 0,32 jiim and, while too much em¬ 
phasis should not be placed on this 
figure, it does serve as a rough guide 
for further consideration. One draw¬ 
back is that its value in aldehyde- 
osmium material is consistently 
higher than in the corresponding 
E-PTA material (Vrensen and De 
Groot 1973; Jones 1978) . This may be 
due to an overall shrinkage of the 
E-PTA material, or to the parameters 
in the two preparations measuring 
slightly different entities. 

Nonjunctional parameters have also 
been elaborated in aldehyde-osmium 
material, and have concentrated on 
the presynaptic terminal. The pa¬ 
rameters of interest in this context are 
depicted in Figure 8; the one which 
has received greatest attention over 
the years is the number of vesicles per 
terminal (e.g. Armstrong-James and 
Johnson 1970; Vrensen et al. 1977; 
Jones and Cullen 1979), This pa¬ 
rameter has proved of particular 
value as a reliable indicator of termi¬ 
nal maturity, although it has fre¬ 
quently been employed more as a 
qualitative index than a quantitative 
one, In contrast to vesicle numbers, 
relatively little attention has been 
paid to vesicle size changes, either 
during development or in response to 
environmental variables. This may be 
due in large measure to the time- 
consuming nature of the exercise. 

Indeed, a similar consideration may 
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account for the relatively limited in¬ 
terest—until very recently—in other 
terminal parameters, such as the area, 
volume, and perimeter of the termi- 


synaptic terminal, the form factor 
(shape) of the terminal can be deter¬ 
mined. This is proving of value in sy- 
naptogenic studies. 


environmental conditions respond 
differently by making different con¬ 
nections (Cotman and Ranker 
1974). 


nal. With the exception of a 1970 
study by Armstrong-James and 
Johnson, who traced terminal volume 
during development, parameters of 
this nature began to come into 
prominence as recently as 1976, with 
a series of studies emanating from my 
laboratory. Linked to these parame¬ 
ters is the use of the surface area of 
the synaptic contact zone, besides the 
mean length of the contact zone, as 
previously described (Vrensen and De 
Groot 1973). 

Perhaps one of the most exciting de¬ 
velopments in the search for synaptic 
parameters revolves around synaptic 
curvature. It was first noted by Ak- 
ert’s group (Streit et al. 1972) that 
barbiturates have a number of mor¬ 
phological consequences for the 
presynaptic terminal, including an 
effect on the curvature of the junc¬ 
tion. Since that observation, extensive 
research in my laboratory on anes¬ 
thetized and unanesthetized material, 
both during development and in the 
adult, as well as on malnourished and 
well-nourished material, has con¬ 
firmed the reliability of this parame¬ 
ter under these diverse conditions 
(Cooke et al. 1974; Jones and Devon 


A group of parameters so far over¬ 
looked is that encompassing intra¬ 
terminal profiles. Besides the number 
of synaptic vesicles per terminal, the 
density of vesicles within the terminal 
as a whole or within a localized region 
of it (such as the vicinity of the 
presynaptic membrane) is proving to 
be an additional helpful parameter. It 
would also be intriguing to follow 
other profiles: for instance, mito¬ 
chondria, coated vesicles, dense-cored 
vesicles, vacuolar or tubular cisternae, 
and microtubular structures (see Fig, 
4). Unfortunately, the rigid quanti¬ 
tation of these profiles, while possible, 
is far too onerous for most workers. 
Consequently, semiquantitative 
“yes/no” assessments generally have 
to suffice. In spite of this, some sur¬ 
prisingly useful data are emerging 
(Devon and Jones 1979 and in press; 
Jones and Cullen 1979). 

A final intraterminal profile which 
should be mentioned is the vesicle 
attachment site. Although this con¬ 
cept originated in freeze-etch mate¬ 
rial, it is proving equally viable in the 
analysis of thin-sectioned synaptic 
terminals from unanesthetized tissue 


Various mechanisms for axonal 
growth and orientation have been 
postulated. Mechanical guidance 
maintains that pre-established 
structural pathways link growing 
axons with their sites of termination, 
thereby restricting them to specific 
paths. An allied possibility is that 
once axons from a few cells have 
reached their terminations^ later 
axons may reach the same region by 
contact guidance— using the original 
fibers as guides. 

Alternatively, a chemical form of 
guidance may occur. Chemotaxis re¬ 
fers to the movement of cells along a 
chemical concentration gradient: the 
chemical diffuses from a source and 
the responding cells detect local 
changes in concentration of the sub¬ 
stance and alter their direction ac¬ 
cordingly. Chemospecifitity differs 
from chemotaxis in that the chemical 
identification tag is thought to reside 
in the growing axon or neuron. The 
neuron would be distinguished by 
specific chemicals, each with a pref¬ 
erence for particular pathways. 

Each of these mechanisms has its at- 


1978; Devon and Jones 1979 and in 
press; Dyson and Jones 1980; Jones 
and Dyson, in press). Synaptic cur¬ 
vatures are categorized into negative, 
straight, and positive varieties, as 
shown in Figure 8, the negative and 
positive curvatures being further 
subdivisible into discrete groupings. 

Now that an increasing range of syn¬ 
aptic parameters is available for 
study, it would be advantageous to 
relate them to each other. In this way 
it may be feasible to treat the synapse 
as an integral unit, rather than as a 
collection of apparently unrelated 
variables. Preliminary steps have 
been taken in this direction in my 
laboratory, by investigating what re¬ 
lationships (if any) can be found be¬ 
tween terminal area and synaptic 
length, terminal area and synaptic 
curvature, synaptic length and syn¬ 
aptic curvature, vesicle number per 
terminal and synaptic curvature, and 
vesicle number per terminal and ter¬ 
minal area (Devon and Jones 1979 
and in press; Dyson and Jones 1980; 
Jones and Devon 1980). By relating 
the area and perimeter of the pre- 


(Jones and Devon 1978). Again, a 
semiquantitative approach has been 
the sole one adopted to date. 

Synaptogenesis 

Synapses result from a series of de¬ 
velopmental events whereby growing 
axons make connections with pro¬ 
cesses of other neurons. Once viable 
connections are established, the 
growing axons with their growth 
cones develop into presynaptic ter¬ 
minals, and the contacted regions of 
the other neurons become recogniz¬ 
able as postsynaptic sites. Debate 
about these events revolves around 
the mechanisms responsible for the 
direction of growth manifested by the 
growth cone filopodia and the nature 
of the initial contact. 

Growing axons appear to move in 
characteristic directions without 
undue wandering or branching. En¬ 
vironmental factors play a role in this 
process, which does not, however, 
restrict the axons to rigid preordained 
routes. What is fascinating is that 
different axons exposed to the same 


them can explain axonal orientatio; 
in its entirety, although each ma, 
contribute to some aspect of it (Cot 
man and Banker 1974). It is tils 
possible that the respective conlri 
buttons of each mechanism vary be 
tween synapses. 

Before stable contacts are made he 
tween growing axons and postsynop 
tic neuronal processes (see Fig. 9| 
thousands of potential contact site- 
will have been bypassed. Mechanism 
are required to recognize and bypus 
“incorrect” contact points, and also t< 
transform temporary "correct” sy 
napses into permanent ones. In sunn 
situations, transient synapses un 
doubtedly occur, although it is no 
clear how widespread this phenome 
non is. 

Initial contacts between growinj 
axons and postsynaptic neurona 
processes involve the outer coat ma 
terial of the adjacent membrane: 
(Rees et al. 1976). Interneuronal rec 
ogmtion is based on chemospecifii 
glycoproteins. Once this has beet 
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Figure 9. Four steps have been distinguished 
in the formation of synaptic contacts: early, and 
possibly transient, contact between the leading 
edge of the growth cone and the postsynaptic 
neuronal process; interneuronal recognition; 
commencement of postsynaptic thickening, 
possibly hy means of coated vesicles budding 
off the Golgi apparatus and contributing 
membrane to the neuronal surface through 
exocytosis; and a well-established synapse. 


accomplished, the specific thicken¬ 
ings characteristic of synaptic junc¬ 
tions begin to appear. It is far from 
clear what contributes to the forma¬ 
tion of these specialized membrane 
thickenings, although coated vesicles 
have been put forward as candidates 


(Rees 1978), The suggestion, as shown 
in Figure 9, is that they bud off the 
Golgi apparatus and contribute 
membrane to the neuronal surface in 
the vicinity of the contact zone. This 
could be accomplished if they were 
exocytosed in the vicinity of the de¬ 
veloping synapse, 

The next step in understanding how 
synapses are put together is to con¬ 
sider the respective sequence of ap¬ 
pearance of the pre- and postsynaptic 
membranes and the differential roles 
of the membrane thickenings and 
synaptic vesicles in the elaboration of 
the presynaptic contact area, Ac¬ 
cording to one theory, both pre- and 
postsynaptic densities are present 
early in development, appearing as 
continuous plaques before the first 
synaptic vesicles appear (Aghajanian 
and Bloom 1967; Jones and Revell 
1970), Later in development the 
plaques undergo gradual differen¬ 
tiation and localization to produce 
the typical paramembranous densi¬ 
ties of the adult synaptic junction. 
Alternatively, synaptic vesicles may 
precede presynaptic membrane 
thickenings, Another possibility is 
that increases in vesicle numbers and 
maturation of the paramembranous 
densities are more or less simulta¬ 
neous events (Ochi 1967; Jones and 
Revell 1970; McLaughlin 1976). 

These possibilities assume that the 
pre- and postsynaptic membranes 
appear concurrently. This may not 
occur; instead the postsynaptic den¬ 
sity appears as a well-established 
entity earlier than the presynaptic 
region with its dense projections 
(Jones et al. 1974; West and Del Cerro 
1976), The converse arrangement, 
whereby the presynaptic membrane 
appears prior to the postsynaptic, is 
far less frequently encountered 
(Hayes and Roberts 1973). 

These diverse developmental pat¬ 
terns reflect the range of ways in 
which pre- and postsynaptic junc¬ 
tional elements establish their adult 
organization, It is not known whether 
a particular pattern characterizes a 
particular synaptic population, or 
whether similar synapses are put to¬ 
gether in different ways under dif¬ 
fering environmental pressures. 

Once synapses have been established 
they increase dramatically in number 
during the growth spurt. In rat cere¬ 
bral cortex the most rapid increase in 


synaptic numbers occurs predomi¬ 
nantly in the first two postnatal 
weeks (Armstrong-James and John¬ 
son 1970). The precise period of rapid 
increase varies between different 
layers of the cerebral cortex (Molliver 
and Van der Loos 1970). There may 
also be more than one period of rapid 
increase over the developmental pe¬ 
riod. 

A complementary approach to syn¬ 
aptogenesis is to investigate the 
changes that take place in the orga¬ 
nization of developing synapses. In 
order to do this, schemes have been 
devised for the quantitation of both 
synaptic junctions and presynaptic 
terminals. These schemes are very 
much in their infancy, and are not 
generally accepted at present. In spite 
of the presence of speculative fea¬ 
tures, however, they provide useful 
clues to the direction of future re¬ 
search in this area and hence deserve 
mention in the present context, 

One means of assessing the maturity 
of synaptic junctions is by dividing 
E-PTA-stained junctions into,various 
categories on the basis of variations in 
the organization of their presynaptic 
densities (Dyson and Jones 1976a). 
On the assumption that these cate¬ 
gories represent a mature-immature 
continuum, development can be 
characterized by an increase in the 
frequency of mature forms and a de¬ 
crease in the frequency of the more 
immature varieties. 

Specific indices, such as the height 
and base width of the dense projec¬ 
tions, the width of the cleft, and the 
length of the postsynaptic thickening, 
have been exploited in their own right 
in a number of studies. For instance, 
Bloom (1972), in a study of postnatal 
rat cerebellar cortex, concluded that 
the principal morphological change 
during maturation is a gradual in¬ 
crease in the number and density of 
dense projections. These findings 
have been echoed in studies by other 
workers, and there is a consensus that 
the height of the dense projections 
increases during development, ac¬ 
companied, in most situations, by an 
increase in their width (Jones et al. 
1974; Jones and Dyson 1976; Burry 
and Lasher 1978; De Groot and 
Vrensen 1978). Synaptic length does 
not increase during the course of de¬ 
velopment (e.g. Aghajanian and 
Bloom 1967; Jones et al. 1974; Vren- 
sen et al. 1977); indeed, it is now be- 
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coming increasingly evident that this 
parameter fluctuates over the devel¬ 
opmental period (Jones and Dyson 
1976; Jones and Cullen 1979; Devon 
and Jones, in press; Dyson and Jones 
1980). 

Besides t hese criteria centering on the 
pnramembranous densities, increas¬ 
ing emphasis is currently being placed 
on an appraisal of the presynaptic 
t erminal. The number of vesicles per 
terminal increases dramatically dur¬ 
ing synaptic development, although 
this has to be viewed in conjunction 
with the variation in terminal area 
during development. Increases in 
vesicle numbers per unit area in rat 
cerebral cortex are about fivefold over 
the first two weeks of postnatal de¬ 
velopment (Armstrong-James and 
Johnson 1970). 

Relatively little attention has been 
paid to vesicle size changes during 
development. Larramendi and co¬ 
workers (1967), in their study of ves¬ 
icle populations in mouse cerebellum, 
noted a consistent decrease in mean 
vesicle area in most synaptic popu¬ 
lations from early development 
through old age; accompanying this 
size decrease was an increase in vesi¬ 
cle elongation. Burry and Lasher 
(1978), however, were unable to de¬ 
tect any size changes in rat cerebel¬ 
lum cultures, while in my laboratory 
we noted a fluctuation in surface area 
of individual vesicles as part of an 
overall decrease in size between 7 and 
75 days postnatal in rat cortex (Jones 
and Cullen 1979). 

There appears to be fluctuation in 
terminal size during the develop¬ 
mental period with an overall de¬ 
crease in size by the end of this period 
(Armstrong-James and Johnson 1970; 
Jones and Cullen 1979; Devon and 
Jones, in press). During early adult 
life there is either an increase in size 
or a stabilization. 

Early in development synaptic cur¬ 
vatures extend relatively uniformly 
within both the negative and positive 
ranges of the scale (see Pig. 8), the 
overall distribution being bimodal. 
With increasing age the frequency of 
relatively flat junctions increases and 
there is a shift in the entire popula¬ 
tion toward a flatter type of junction 
(Dyson and Jones 1980). With de¬ 
velopment, there is also a change in 
the way in which the entire popula¬ 
tion is distributed; a larger proportion 
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Figure 10, Synaptic parameters are plotted 
over a 224-day period for protein-deprived rat 
cerebral cortex. The horizontal line at 0 rep¬ 
resents the stable levels of these parameters in 
well-nourished control animals; percent, of in¬ 


crease or decrease in the protein-deprived an¬ 
imals is calculated by comparison with the level 
measured at the equivalent age in the control 
animals. 


of the population is negative rather 
than positive at the younger ages, and 
more or less equivalent at the older 
ages. 


Synaptic quantitation 

Now that we have sketched the way in 
which quantitative parameters throw 
light on some of the sequences of 
normal synaptic development, the 
stage is set for employing these se¬ 
quences as a baseline for further in¬ 
vestigations. I shall deal with two: the 
comparison of synapses from, first, 
well-nourished and malnourished 
animals and, second, anesthetized 
and unanesthetized animals. Again, 
these investigations are in their in¬ 
fancy and many of the present results 
are suggestive rather than defini¬ 
tive. 

The maturity of synaptic junctions as 
structural units appears to be un¬ 
dermined by malnutrition. Working 
within the confines of the synaptic 
categories previously described, 
Dyson and I (1976b) demonstrated 
that, throughout development, there 
is a shift toward the immature end of 
this synaptic continuum in mal¬ 
nourished brains. Parameters pro¬ 
vided by the presynaptic terminal are 
also proving useful (Jones and Dyson, 
in press). Figure 10 summarizes the 
overall changes noted in these pa¬ 
rameters, and it can be seen that all 
the parameters at 15 and 20 days are 
deficient in protein-deprived animals. 


All parameters, however, with the 
exception of the area of the presyn- 
aptic terminal, are either equivalent 
to or above the control values at 224 
days. When synaptic curvature trends 7 
in protein-deficient animals are J 
compared with those in controls, it f 
emerges that at 15 days the deficit in 
positive junctions is more pronounced 
than in control material. By 224 days 
the proportion of positive junctions is ) 
higher in the protein-deprived than 
in the control situation. 


The final illustration of the use to 
which synaptic ultrastructural pa¬ 
rameters have been put is the com¬ 
parison of unanesthetized and anes¬ 
thetized material. Strait -'and co¬ 
workers (1972) noted that barbitu¬ 
rates have certain morphological 
consequences for the presynaptic 
terminal, including an effect on the 
curvature of the synaptic junction 
and an increase in the number of 
presynaptic membrane modulations 
(approximate equivalents in thin* 


ment sites in freeze-etched prepara¬ 
tions). Preliminary efforts at repeat¬ 
ing this work in my laboratory con- 


curved synapses decreases with in¬ 
creasing doses of barbiturate (Cooke 
et al. 1974). 

Mowing these initial barbiturate 
studies, Jones and Devon (1977,1978) 


unanesthetized rats and in those 


subjected to 40-400 mg/kg doses of 
pentobarbitone. The major trend to 
emerge is a change in synaptic cur¬ 
vature with increasing doses of pen¬ 
tobarbitone: there is a marked in¬ 
crease in curvature negativity over 
the 0-80 mg/kg dose range and a de¬ 
crease in negativity at higher dose 
levels. The increase in curvature 
negativity is accompanied by an in¬ 
crease in synaptic length and dense 
projection numbers, with a consonant 
increase in the perimeter and area of 
the presynaptic terminal. Reversal of 
the negativity trend at higher dose 
levels is paralleled by reversal of these 
accompanying trends. Furthermore, 
“excess” intraterminal membrane is 
found in unanesthetized and in the 
160-400 mg/kg material (Jones and 
Devon 1978). This excess intrater¬ 
minal membrane intermingles with 
synaptic vesicles and is in the form of 
double-membrane profiles, vacuoles, 
cisternae, tubular profiles, and coated 
vesicles. Another feature is the in¬ 
creased frequency with which exocy- 
totic sites occur at the presynaptic 
membrane in the unanesthetized 
material. 

Studies from other laboratories have 
underscored these findings. Turner 
(1977), for instance, in a combined 
pentobarbitone-HRP study, noted 
that at a 40 mg/kg dose of pentobar¬ 
bitone there is a significant decrease 
in the number of peroxidase-labeled 
vesicles in cortical synaptic terminals. 
He concluded that pentobarbitone 
exerts an inhibitory effect on vesicu¬ 
lar membrane transport and synaptic 
vesicle turnover. Hajos and co-work¬ 
ers (1978), using rat cortical synap- 
tosomes, found that pentobarbitone 
decreases the number of synaptic 
vesicles attached to the presynaptic 
membrane, implicating once again 
the presynaptic terminal as one of the 
foci of pentobarbitone action. Even 
more interesting is the consistent in¬ 
volvement of the synaptic vesicles— 
particularly their reformation, mi¬ 
gration, and exocytosis—in this pro¬ 
cess. 

More recent work has detected dif¬ 
ferences in unanesthetized synaptic 
ultrastructure when different tech¬ 
niques for killing the animals are 
employed (Devon and Jones 1979). It 
has also been shown that in rat cere¬ 
bral cortex pentobarbitone exerts 
differential effects on synaptic ul¬ 
trastructure at different ages 
throughout the developmental peri¬ 


od, with little influence up to 15 days 
postnatal (Devon and Jones, in 
press). 

Toward an integrated 
view 

The burden of this review has been to 
demonstrate some of the capabilities 
of a quantitative approach to synaptic 
ultrastructure, and no attempt has 
been made to integrate the data with 
those obtained from neurophysiolo¬ 
gical and neurochemical realms. 
Nevertheless, considerable progress 
has been made in this demanding 
task, and many avenues of integration 
await exploration. In particular, we 
need to devise means for morpholog¬ 
ical recognition of synaptic popula¬ 
tions with different excitatory neu¬ 
rotransmitters, synapses in different 
states of functional activity, and im¬ 
mature and degenerating synapses in 
adult cortical material. 

The synaptic parameters discussed in 
this review will, it is hoped, form the 
basis of a more integrated apprecia¬ 
tion of synaptic organization. Unfor¬ 
tunately, it is impossible at present to 
express our current knowledge of the 
morphology of central synapses in one 
simple model, because of the multi¬ 
plicity of descriptive and cytochemi- 
cal techniques used to demonstrate 
the many profiles currently recog¬ 
nized as having a presynaptic loca¬ 
tion. Some profiles that can be seen 
clearly with one technique are not 
visible with another technique. In 
spite of these difficulties, we consider 
that no constituent of the presynaptic 
terminal can be adequately consid¬ 
ered in isolation from all the others. 
Further, the presynaptic terminal, 
including its various constituent 
profiles, is a highly labile entity, and 
many ultrastructural approaches are 
ill equipped to tackle a labile system.. 
Extra care must be taken, therefore, 
in interpreting the data. 

Using the parameters discussed in 
this review, we are beginning to show 
that minor variations in synaptic 
morphology can not only be detected 
but also be assessed alongside func¬ 
tional considerations. It is to be hoped 
that this capability will be rigorously 
applied in other experimental inves¬ 
tigations, including those on synaptic 
regeneration in the central nervous 
system, the response of neural tissue 
to enriched environments, and syn¬ 
aptic aging phenomena. 
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George Mandler 


The Recognition of Previous 
Encounters 


The highly diverse aspects of recognition memory 
are now thought to depend on complex interacting 
processes involving both familiarity and 
retrievability 


The psychology of memory has un¬ 
dergone a therapeutic experience 
during the past two decades, recov¬ 
ering from the somewhat constrained 
and inhibiting tradition of the prior 
decades. The experimental psychol¬ 
ogy of memory was initiated by Her¬ 
mann Ebbinghaus in the nineteenth 
century. Committed to the notion 
that psychological science should be 
devoted to the discovery and specifi¬ 
cation of the basic building blocks of 
experience and behavior, this exper¬ 
imental approach rarely left the lab¬ 
oratory, became notorious for its 
preoccupation with nonsense syll¬ 
ables (to avoid contamination with 
the meanings of everyday life), and 
built exquisite theories about events 
that seemed to have little to do with 
the memorial requirements of the 
active human mind operating in the 
context of natural language and 
common experience. Diagnostic of 
this approach was the banishment of 
the usual mnemonic devices to the 
wastebasket of mental tricks, not 
worthy of serious scientific atten¬ 
tion. 

In the 1960s and 70s, with the advent 
of modern cognitive psychology and 
linguistics, increased attention to the 
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more obvious achievements and 
characteristics of human memory 
carried with it some well-deserved 
suspicion of the relevance of the 
classic memory experiments to the 
observations of the freely and com¬ 
plexly operating human mind. In ex¬ 
ploring the problem of recognition, I 
shall show—inter alia—that an ap¬ 
preciation of the complexity of com¬ 
mon human memory performance 
can be combined with experimental 
work. The laboratory thus takes its 
proper place in the specific testing of 
theories that range over both common 
and experimental observations. The 
psychological laboratory is still im¬ 
portant today in permitting the ob¬ 
servation of events over which we 
could have no control in the raw. 

The dictionary definition of recogni¬ 
tion refers to “the action,,. of per¬ 
ceiving that some thing, person, etc,, 
is the same as one previously known” 
(Oxford Universal Dictionary, 3d 
ed.). Thus we say that we recognize 
an old friend on the street, a lost 
wallet as being ours, the meaning of a 
word in a foreign language, a suspect 
in a police line-up, the author of a 
poem, an old telephone number of 
ours, and so on. All of these examples 
fall under the rubric of recognition, 
even though the mental action re¬ 
quired differs quite radically in the 
various cases. The recognition, of the 
friend seems to occur almost instan¬ 
taneously, while the wallet might take 
just a bit longer. The suspect in the 
line-up usually requires fairly lengthy 
deliberation and conscious reesta¬ 
blishment of the context in which he 
or she was originally seen. The old 
telephone number may at first seem 
only faintly familiar, until its proper 
place in our past is discovered and 
confirmed. The meaning of a word 
and the style of a poet require rather 


elaborate cogitation and abstrac¬ 
tion, 

A theory of recognition should, at 
least in principle, subsume these 
various kinds of recognition—if, in 
fact, these events do form a class on 
the basis of some common criterion. 
A common element does exist in the 
tasks that all of these recognition 
events require of the human actor. In 
all cases some copy or representation 
of a previously encountered event is 
presented to us; such a copy is the 
starting point of the act of recogni¬ 
tion, This procedure contrasts 
sharply with recall or retrieval, 
wherein a cue or description of the 
sought-for event is presented to the 
actor; such a cue is related to, but not 
in any sense a copy of, the target 
event. In the case of recall we are 
asked to retrieve a telephone number, 
describe a friend (or a suspect), give 
a description of the wallet, or sum¬ 
marize the theme of a poem. 

Experimental approaches 

In contrast to these common phe¬ 
nomena of recognition, the classical 
experimental approach has been to 
present lists of words or word pairs to 
subjects who are then required to 
make judgments about a new set of 
items—some of which were in the 
original list, while others were not. 
The usual testing procedure involves 
the presentation of old and new items 
in random order and requires an 
“old” or “new” response to each word. 
Alternatively, the subject might be 
presented with pairs or larger sets of 
items, containing the old item to¬ 
gether with new items, and be asked 
to judge which of the items is “old.” It 
should be noted that the items pre¬ 
sented—whether words, sentence's, 
pictures, or faces—are not actually 
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“new" to the experimental subject, 
but are usually events that have been 
experienced previously, that is, they 
are common words, sentences, and so 
on. Subjects are required to judge 
only whether the particular target 
item has previously been presented in 
the experimental situation. This fact 
has generated the speculation that 
what evokes the response is some 
memorial tag or identifier that is laid 
down at the time of presentation. 
Recent theory, however, holds it un¬ 
likely that recognition judgments in 
this situation are made in response to 
such "tags.” 

Traditional models of recognition 
memory have usually taken into ac¬ 
count the phenomenal appearance of 
familiarity that accompanies recog¬ 
nition decisions. Events that we rec¬ 
ognize seem familiar, and conversely 
things that look familiar are "recog¬ 
nized” as previously encountered. 
The generally accepted notion until 
about a decade ago was that recogni¬ 
tion depended solely on a recognition 
decision, which was based on the fa¬ 
miliarity of the target event. A judg¬ 
ment of familiarity presumably de¬ 
rives from some characteristic of a 
stored pattern that fits the presented 
copy. Recall, on the other hand, was 
believed to involve some retrieval 
operation which generated one or 
more "candidate” events, which were 
then subjected to the same decision 
process involved in recognition, A 
retrieved event that was recognized 
was then'produced as a “recalled” 
event Thus, recall involved two pro¬ 
cesses—generation and a familiarity 
decision—whereas recognition in¬ 
volved only one. The familiarity value 
could be conceived as a kind of "tag” 
associated with the memory repre¬ 
sentation (see Kintsch 1977) or as a 
frequency count, incremented with 
each appearance (see Underwood 
1971). 

A somewhat different approach to the 
problem of recognition is based on an 
apparent symmetry between recall 
and recognition. When we recall an 
event, we are typically presented with 
some context or cue which is sup¬ 
posed to provide access to the target 
event. By contrast, when we recognize 
an event, it appears that the target 
event is given and a context is sought. 
Consider, for example, trying to re¬ 
member a friend’s telephone number. 
We have the context available—the 
friend’s name, his address, the last 
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time we called him—and we use these 
cues or descriptions to find the num¬ 
ber in memory. Conversely, consider 
finding the telephone number on a 
slip of paper: whose is it? What we are 
searching for now is the triend’s 
name. His address (related to the ex¬ 
change code of the number) and the 
last time we called him may well be 
the contexts that we need to find in 
order to arrive at his name (see, for 
example, Norman 1968; Norman and 
Bobrow 1979). 

The last example serves to introduce 
the basic problem with the decision 
theories of recognition. Clearly, more 
is involved in the case of “recogniz¬ 
ing” the telephone number than sheer 
familiarity, and a variety of retrieval 
operations seem to be required to ar¬ 
rive at a final judgment of "knowing” 
the number. It is this kind of obser¬ 
vation, together with a number of 
experimental results (see Murdock 
1974), that cast doubt on the asser¬ 
tion that recognition judgments are 
based primarily, or even entirely, on 
judgments of familiarity or exper¬ 
iential frequency of an event, We can 
now consider the circumstances that 
led the work in our laboratory toward 
a theoretical position and empirical 
demonstration combining the con¬ 
cepts of familiarity and retrieval in 
defining the recognition process, and 
toward a specification of the pro¬ 
cesses underlying the familiarity ex¬ 
perience. 

Let us start with the realization dis¬ 
cussed above, that recognition judg¬ 
ments can be quite complex, Consider 
an example familiar to all of us in one 
variation or another. You enter a 
store and see another customer who 
looks familiar, but no matter how 
hard you try you cannot remember 
who the person is, There is no ques¬ 
tion about the fact that you “know” 
him, his familiarity value is clearly 
very high; but such a judgment is not 
enough. In order to say you have rec¬ 
ognized him you need to know who he 1 
is. At this point you go through a va¬ 
riety of attempted retrievals: Is he 
somebody at work? somebody who 
works m another store? a relative? 
Sometimes these attempts are suc¬ 
cessful, sometimes not, In any case, 
this example demonstrates two kinds 
of processes in recognition: a judg¬ 
ment based on familiarity and a sub¬ 
sequent judgment or decision which 
requires a search or retrieval process. 
As will be shown below, the typical 


recognition decision of prior en¬ 
counters is based on a combination of 
these two processes. 

Two processes in 
recognition 

Our excursion into new ways of look¬ 
ing at the problem of recognition In 
the laboratory was serendipitous, in 
the 1960s we had completed a series 
of studies on the effect of organiza¬ 
tional variables on recall (Mandler 
1967). Specifically, we had shown that 
the recall of unrelated sets of words 
was strongly dependent on the num¬ 
ber of categories that the memorizer 
imposed on the set. A typical experi¬ 
ment consisted of giving an experi¬ 
mental subject a deck of 100 cards of 
randomly selected nouns and asking 
the subject to sort them into two to 
seven subsets of words that “seem to 
belong together,” We found that re¬ 
call of the original ! 00 words, bil¬ 
lowing this sorting task, was a linear 
function of the number of categories 
used in sorting. In other words, the 
organization imposed by the memo- 
rizer on the to-be-remembered set 
determined a large part of the vari¬ 
ance of recall. 

Having established that relationship 
to our satisfaction, we then intended 
to demonstrate, in one last experi¬ 
ment, the existence of the "well- 
known” disjunction between recall 
and recognition. We reasoned that if 
recognition is due to a simple decision 
process and involves no retrieval 
process, then recognition perfor¬ 
mance on the original word set should 
be unaffected by the organizational 
variable (number of categories used 
in sorting). 

Several studies later we knew t hat t lie- 
organizational variable did affect 
recognition, but not in a simple lash 
ion (Mandler etal. 1969). Figure J il¬ 
lustrates the basic phenomenon: 
whereas the organizational variable 
had relatively little effect on imme¬ 
diate recognition, that effect in¬ 
creased remarkably as the time in¬ 
terval between the sorting task and 
the recognition test increased. Over a 
five-week period, the number ot t 
categories used in sorting had a* I 
much effect on recognition as they S 
had originally had on recall. Red! 
performance, on the other hand, I 
showed some decline in the effect of I 
organization as the time between | 

presentation and test increased. I 




The phenomenon certainly looked 
unusual: an experimental variable 
increased in effect over time. The 
hypothesis we advanced assumed 
that the familiarity effect was a rea¬ 
sonable starting point, at least it was 
intuitively appealing. However, it was 
unlikely that the familiarity of an 
event would increase over time. If, as 
seems more likely, familiarity de¬ 
creased over time, then there must be 
some other factor that tends to be¬ 
come more important as an event 
“appears” to be less familiar. Here a 
simple appeal to common experience 
was helpful—the attempt to decide 
who somebody is if he or she looks 
only vaguely familiar. This process 
suggested to us that retrieval factors 
become important when recognition 
of sheer prior occurrence (familiarity) 
fails. But how can we define such a 
“failure” of recognition on the basis 
of familiarity alone? We assumed 
that the shift to a retrieval strategy is 
dependent on some threshold level of 
familiarity. This line of reasoning 
gave rise to the hypothesis that an 
event is called “old” (i.e. previously 
encountered) if it exceeds some spe¬ 
cific criterion of familiarity, and that 
i f it fails to exceed that criterion then 
the retrieval operations are invoked, 
The model can be formalized as fol¬ 
lows: 

Let F ~ probability that an event is 
called old on the basis of familiarity 

then (1 - F) ~ probability that the 
familiarity level is too low 

Further, let R = probability that an 
event can be retrieved from 
memory 

then R (1 - F) ® probability that a 
low-familiarity event can be re¬ 
trieved 

In summary, the probability of rec¬ 
ognition (Rg) can be stated as 

Rg*F+R(l-F) 

or simply as 

Rg = F+R-FR 

The general form of this recognition 
model was definitely in the air around 
1970 . Juola and co-workers (1971) 
independently proposed a model that 
differed primarily in invoking two 
criteria of familiarity: a high criterion 
above which all events are called 


“old,” and a low criterion below which 
all events are called “new.” This 
particular approach, developed in 
several papers by Atkinson and his 
associates (e.g. Atkinson and Juola 
1974), proved highly productive, 
particularly in the analysis of reaction 
time in item recognition. Also in 1971, 
Wolford proposed a model that had 
the same general form, except that it 
replaced the familiarity variable by a 
guessing parameter. 



immediate 2 weeks 5 weeks 


Time of testing 

Figure 1. Experimental data on recall and 
recognition indicate that the number of cate¬ 
gories imposed by the subject on material to be 
memorized—the organizational variable— 
exerts a strong immediate effect on the ability 
to recall words from a word list. In contrast, 
effect of the organizational variable on the 
ability to recognize whether a word was on the 
original list is slight at first and increases 
steadily with the passing of time after the 
presentation of the list, 


All these models assume that the 
processing of familiarity and retrieval 
is sequential—that is, first the fa¬ 
miliarity value of an event is assessed, 
and only if that value fails to reach 
criterion is the retrieval process in¬ 
voked, Current speculation, in line 
with a general emphasis on parallel 
rather than serial processes, suggests 
that both processes are initiated as 
soon as the event is encountered, but 
that the retrieval process is markedly 
slower than the one that assesses the 
familiarity value of an event. Such a 
parallel operation of two processes of 
unequal speed can of course also 
produce an Overt judgment on the 
basis of familiarity alone. With a high 
familiarity value well above criterion, 
the judgment of “old” is made before 
the retrieval process has been com¬ 
pleted, 

The model contains one assumption 


that may seem paradoxical. We speak 
about the retrieval processes that are 
Invoked following, or in parallel with, 
an evaluation of familiarity. How can 
we retrieve an event that is, by defi¬ 
nition, staring us in the face? After 
all, recognition involves a presenta¬ 
tion of a fairly faithful copy of the 
target event. What does it mean that 
an attempt is made to retrieve it? 
Consider the Mowing two exam¬ 
ples. 

Suppose that you are in your local 
supermarket, but you have forgotten 
your shopping list, As you walk up 
and down the aisles, familiarity seems 
to work quite well: yes, I remember 
putting orange marmelade on the 
list; no, I am sure that coffee was not 
on the list; yes, I recall writing down 
flour, In all these cases, some rea¬ 
sonable copy of the original item 
achieves a high familiarity value, 
Then you come to the cookie shelf. 
Did I write down cookies? I am not 
sure, Well, do we need cookies? Why 
would I have put them on the shop¬ 
ping list? And here comes the re¬ 
trieval test in recognition; you try to 
retrieve the organizational structure 
that would have made you put 
cookies on the list. Did we run out of 
cookies, did something else (baking 
chocolate?) remind me of cookies? 
Yes, I remember my daughter saying 
to put brownies on the list, The re¬ 
trieval test has succeeded; you have 
recognized cookies as an entry on the 
shopping list, 

Another example is the one described 
earlier. You meet someone who looks 
familiar; with the “copy” of the event 
present, you try to retrieve the 
structure that this particular person 
is part of. The general principle of 
retrieval in the presence of a copy of 
the target event is that we look for 
some context or structure which 
serves as a cue of the desired event. In 
recall we also look for such cues, but 
Without having the target event be¬ 
fore us, If such a process is successful 
in recall it is also likely to be success¬ 
ful in the retrieval check during rec¬ 
ognition. Consequently, recall 
probabilities frequently provide good 
estimates of retrieval probabilities 
during recognition, 

I now turn to the basis for the famil¬ 
iarity judgment. What psychological 
processes produce the familiarity 
continuum and the resulting experi¬ 
ence of something being familiar? 
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The basis of familiarity 

Psychologists have achieved many 
insights in recent years about the 
nature of retrieval and search pro¬ 
cesses. The nature of the organization 
of semantic memory, the use of con¬ 
text-specific cues, the description of 
memory contents, and similar topics 
have given us a reasonable under¬ 
standing of the process of retrieval. 
However, relatively little is known 
about the mental representation that 
gives rise to the phenomenal experi¬ 
ence of familiarity. Various locutions 
have been used to describe familiarity 
variables during the past decade, in¬ 
cluding such concepts as occurrence 
information, item information, pre¬ 
sentation code, and perceptual 
code. 
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Figure 2. Integration and elaboration, two 
complementary processes in the phenomenon 
of memory, can be represented pictorially as a 
number of nodes (elements of a remembered 
event) connected by relational links (mental 
associations). In the process of integration, the 
relational links among the nodes of a particular 
structure (event) increase in strength and 
number; in elaboration, a particular structure, 
itself unchanged, develops relational links to 
other nodes and structures. 


how to operate the clutch in a car, to 
perform skilled movements in sports, 
or to play a trill on the piano. The fa¬ 
miliarity arising out of such integra¬ 
tion is also obvious in the verbal 
arena. One, somewhat outmoded, 
school of foreign language learning 
stressed the acquisition of a context- 
free vocabulary; students first learned 
how to pronounce words properly, 
then learned what they meant. In 
learning a technical language, too, we 
encounter new words, which begin to 
look and sound familiar some time 
before we find out what they mean. 
This kind of learning seems to re¬ 
semble what is commonly called rote 
learning or rote recitation. However, 
recitation leads only to integration; it 
does not lead to knowledge (see 
Mandler 1979). 


Most of these approaches have im¬ 
plied that an event (or set of events) 
is represented mentally by a structure 
that is unique to the particular event. 
Let us assume that the basis of fa¬ 
miliarity is such a representation and 
that it is independent of the context 
in which the event occurs or in which 
it is embedded. Such a representation 
is not only unique to the event but 
also independent of other represen¬ 
tations of the event, specifically those 
that relate it to the semantic network 
or to long-term memory. This repre¬ 
sentation is intuitively reasonable. As 
mentioned earlier, we do sometimes 
respond to an event (a face, a scene, a 
word) in terms of such context-free 
familiarity: we know that we have 
encountered it before, but we do not 
know who it is, whence it came, or 
what it means. 

It appears that the underlying psy¬ 
chological event that gives rise to an 
impression of familiarity can be found 
in the internal organization of the 
event, which consists of the various 
relationships existing among the 
constituent features of the event. 
These intraevent processes have been 
referred to as integration , in contrast 
to interevent processes that relate an 
event to others, which I have labeled 
elaboration (see also Craik and 
Tulving 1975). The context-free 
character of event integration can be 
examined in many examples of ev¬ 
eryday experience. 

Motor skills often require the struc¬ 
tural integration of various compo¬ 
nents; examples are found in learning 
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Figure 3. The difference between integration 
and elaboration can be practically demon¬ 
strated in memory experiments involving two 
sets of instructions for the subjects: “remem¬ 
ber’’ and “forget,” Subjects succeeded in rec¬ 
ognizing words from lists in proportion to the 
number of times the words had been presented, 
regardless of whether they, had been told to 
remember or to forget them; this recognition 
indicates integration that took place as a direct 
result of repetition of the words. However, in 
recalling words, subjects succeeded far better 
with words which they had been told to re¬ 
member than with words they had been told to 
forget. This is because the process of elabora¬ 
tion, the basis of recall, was activated only by 
“remember” instructions. 


The mam variable responsible for 
increases in event integration appears 
to be attentive repetition. The act of 
repeating a particular action appar¬ 
ently reactivates the representation 
of that action and increases the rela¬ 
tional links within that representa¬ 
tion, as well as strengthening the ex¬ 
isting links. Such an effect contrasts 
with elaboration, which involves the 
establishment of relational links be¬ 
tween the target event and other 
representations in memory. 

Figure 2 shows a visual analog of the 
two processes. The vertical axis shows 
increasing and decreasing integration: 
the relations within the structure 
become relatively stronger or weaker 
and more or less numerous. The hor¬ 
izontal axis shows elaboration: there 
are no changes within the structure, 
but relations to other structures and 
nodes increase along this axis. In 
principle these two processes are in¬ 
dependent, but it is likely that most 
encounters with a particular event 
affect both intra- and interevent re¬ 
lationships. 

For direct evidence on the Integra- 
tion-elaboration distinction we must 
turn to the laboratory. According to 
our theory, if material is presented to 
an experimental subject with specific 
instructions that it will not be re- 
quired for long-term retention, then 
the experience should have only in¬ 
tegrative and no elaborative effect. 
The rehearsal process used by the 
subject under these circumstances is 
referred to as maintenance rehearsal, 
m contrast to elaborative rehearsal, 
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which is designed to provide oppor¬ 
tunities for the elaboration (organi¬ 
zation) of target events. Craik and 
Watkins (1973) and Woodward and 
co-workers (1973) have provided ev¬ 
idence for these two kinds of re¬ 
hearsal. If the subjects in an experi¬ 
ment are instructed that certain 
words need be identified only a short 
time later or that they may be for¬ 
gotten, the subjects’ ability to recall 
the words later, at a final testing date, 
is not improved by the fact that the 
words were previously presented. 
However, the subjects’ ability to rec¬ 
ognize the words later does show the 
effect of the previous presentation, 
presumably due to an increment in 
familiarity as a result of reactivation 
of the word’s representation in 
memory. 


A items B items A-B pairs 



Figure 4. The probability of recognition can be old items ("hits”) and misrecognition of new 
predicted for various items, given their famil- items (“false alarms”) of word pairs and their 
iarity and retrieval probability, Predicted and component items, 
observed values are shown for recognition of 


Figure 3 illustrates the results from a 
similar experiment (Bartz 1976). 
Subjects were shown sets of words, 
some of which they were told to 
“forget” after they had been pre¬ 
sented, others of which they were told 
to “remember.” Some words were 
presented more than once in succes¬ 
sive sets. The theoretical expectation 
is that increasing number of repeti¬ 
tions should produce increasing 
probability of recognition, showing 
the effect of increased familiarity, or 
integration. However, active elabo¬ 
ration, and therefore an effect on re¬ 
call, could be expected only with 
“remember” instructions, "Forget” 
instructions should have no effect on 
recall, regardless of the number of 
repetitions. Figure 3 shows exactly 
those effects. The higher recognition 
probabilities for the “remember” in¬ 
structions are presumably due to the 
fact that the subject makes some at¬ 
tempt to rehearse these items after 
the “remember” instructions are 
given. 

A startling demonstration of the 
context-free nature of the effect of 
repetition (and incremented famil¬ 
iarity) has been provided by Atkinson 
and co-workers (1974). During a 
pause in their experiment their 
subjects were given instructions tan¬ 
gential to the purpose of the experi¬ 
ment. When some of the words that 
had been used in these instructions 
were included as new words in a sub¬ 
sequent recognition test, they showed 
increased false alarm rates—in¬ 
stances of misapplied recognition due 
to the effect of incremented famil¬ 


iarity. While the predominant mode 
of the experimental tests of recogni¬ 
tion has been verbal, similar effects 
can be found in other modalities. For 
example, J. Mandler and Ritchey 
(1977) have shown that organiza¬ 
tional variables increase their effect 
over time on recognition of line 
drawings, Geiselman and Bjork 
(1980) tested recognition of spoken 
material as a function of the speaker’s 
voice used during presentation and 
recognition. Recognition probability 
increased following rehearsal that 
involved no elaboration only if the 
same speaker’s voice was used during 
both presentation and test. In other 
words, the perceptual characteristics 
of the event determined its familiar¬ 
ity and recognition, 

Testing the recognition 
model 

We have examined a number of ev¬ 
eryday experiences supporting the 
notion that a recognition judgment 
involves judgments of both familiar¬ 
ity and retrievability. For specific 
tests of the additive operation of the 
two processes (familiarity and re¬ 
trieval) we return once again to the 
laboratory, 

One series of tests involved the ac¬ 
quisition of word pairs, followed by 
recognition and recall tests. In this 
kind of experiment the subjects are 
given a number of randomly paired 


nouns, one pair at a time. Prior to the 
presentation of the pairs, the subjects 
are told that they will be tested later 
for their ability to recognize or recall 
individual A and B items or A-B 
pairs. Subsequently, in the recogni¬ 
tion test, they are given not only old 
(previously presented) As, Bs, and 
A-Bs, but also new items (not previ¬ 
ously presented) as distractors. In the 
recall test they are given an A item 
and asked to provide the B that went 
with it, or are given a B item and 
asked to provide the accompanying A, 
It is generally accepted that the kind 
of encoding that takes place in the 
acquisition of such word pairs con¬ 
sists of a unitary representation of the 
pair, achieved by some image, con¬ 
necting concept, or other mnemonic 
device, 

Given the basic formulation of the 
model, Rg = F + R - Ffi, we need 
estimates of F and R in order to pre¬ 
dict recognition probabilities Rg, The 
retrieval factor can be obtained from 
the recall data. Consider the recog¬ 
nition of an A item; what kind of re¬ 
trieval would establish theR factor in 
the model? If the familiarity value of 
A is not high enough to reach criteri¬ 
on, then the retrievability of A is 
tested by the mental system by the 
process of trying to find an A-B pair 
of which A is a member. But that is 
equivalent to a recall test in which A 
is presented and B must be recalled. 
Similarly, for testing of the B items, 
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Table 1. Recalled and nonrecalled B-items 
of a word pair show different probabilities 
of recognition of B. 



Recall of A, 

Recognition 


given B 

ofB 

Recall of B, 

high 

high 

given A 



No recall of B; 

low 

low 

given A 




the recall of A is required. For A-B 
items, we assume that their familiar¬ 
ity value is F 2 —that is, the product of 
the familiarity of the two constituent 
items—which gives the probability 
that both items reach a threshold 
level of familiarity. For the retrieval 
factor in A-B pairs we compute the 
additive probabilities that A can be 
retrieved, given B, and that B can be 
retrieved, given A. We then have 
three equations (for A items, B items, 
and A-B pairs) which contain the 
obtained recognition values and the 
appropriate retrieval values as well as 
a common unknown F, which is pre¬ 
sumably the same for all items. 

Similar equations can be applied to 
the distractor items, using the prob¬ 
ability of false alarms (saying “old” to 
new items) for the recognition values 
and the probability of intrusions 
(recall of items not on the original list) 
for the retrieval probabilities. We can 
then estimate the value of F for hits 
(saying “old” to old items) and for 
false alarms and using this estimated 
value, we obtain predicted recogni¬ 
tion probabilities. 

The results of this procedure are il¬ 
lustrated in Figure 4, which shows 
obtained and predicted hits and false 
alarm rates for the three kinds of 
recognition tests. In this case the F 
value for old items was estimated at 
.63 and for new items at .19. 

A strong test of the model would be 
an experiment in which items that 
had been presented equally often 
(and that therefore should have equal 
familiarity values) could be shown to 
have quite different recognition 
probabilities. In that case the differ¬ 
ence should be due entirely to re¬ 
trieval factors and the F values esti¬ 
mated from the theoretical model 
should be unaffected. We took ad- 
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vantage of the fact that in the acqui¬ 
sition of word pairs, recognition of B 
varies with the probability that B can 
be recalled, given A. When B can be 
recalled, given A, the probability of its 
recognition is high; when B cannot be 
recalled, its recognition probability is 
low. In addition, if the recall of B, 
given A, is high, then the recall of A, 
given B, is also high. Thus there are 
two kinds of B items, whose relative 
recall and recognition status is shown 
in Table 1. 

Thus, recognition probabilities of the 
two kinds of B items differ markedly, 
but since they have been presented 
equally often, their familiarity (F) 
values should be the same. In Figure 
5 we show the results obtained by 
testing of this kind. 

A similar test was carried out in the 
context of an experiment in which the 
experimental subjects were given ten 
different word-pair tasks over a pe¬ 
riod of six weeks (Mandler and Bar- 
salou 1979). The F values estimated 
for the recognition tests in each of the 
ten different lists should be about the 
same, since in each session the new 
list of word pairs was presented just 
once. Figure 6 shows the results of 
this test: even though recognition 
probabilities rise slightly over the ten 
sessions and recall rises quite mark¬ 
edly, the estimated F values remain 
relatively constant. 

In another test of the model we 
showed that for items that can be re¬ 
called almost perfectly (i.e. where the 
R value is approximately 1.00) the 
recognition probability was also close 
to 1.00 (actually .93). Conversely, for 
items that could not be recalled (i.e. 
where the value of R is near 0), the 
recognition probability of .42 was 
near the estimated F value of .37. 

Further applications of 
the model 

An interesting application of the 
model involves the long-term memory 
defects symptomatic of patients with 
anterograde amnesia. Laboratory 
studies have shown that while these 
amnesics have difficulty in remem¬ 
bering material that is days or hours 
old, they have essentially intact 
short-term memories—access to 
material that is kept in conscious at¬ 
tention. If the amnesic patient suffers 
from a long-term retrieval deficit, 
such a difficulty implicates the R 


i.oo. 

.80 



B recalled, B not recalled, 
given A given A 


Figure 5. The theoretical value F (familiarity 
of an item) is a function of the number of I iim* 
the item is presented. Thus, while recognition 
(colored bars) of one item of ft word pair . art 
vary widely—here, from ,7ft to .4:4, depending 
in the ability to recall B of the word pair, given 
A-the value of F(gray barn), as derived I ruin 
the model equation, remains more or lev, run- 
stant: from .39 to .41. 


(retrieval) process in our recognition 
model. We would therefore expect 
amnesics to have difficulty in stan¬ 
dard recognition tests. Clinical evi¬ 
dence suggests that amnesics respond 
normally to the familiarity of events, 
but in tests that require some re¬ 
trieval, their recognition performance 
suffers significantly (e,g. Huppertaisd 
Piercy 1976). The patients have rel¬ 
atively little difficulty in dealing with 
the familiar objects of their environ¬ 
ments and recognizing them as such. 
However, questions that require re¬ 
trieval in addition to recognition for 
example, “When did you last see this 
object?”—demonstrate their retrieval 
deficit. 

Certain observations seem to dem¬ 
onstrate an intact familiarity judg¬ 
ment in these patients, Warrington 
and Weiskrantz (1978) have shown 
that amnesics are very good in using 
partial information about previously 
seen words—in fact, they are appar- 
ently at least as good as normal 
subjects in this respect. While the 
patients find it difficult, if not im¬ 
possible, to remember which words 
were included in a previously pre¬ 
sented list of words, they are able to 
complete partial presentations of the 
words with surprising accuracy. For 
example, if the word “lamp” was a 
member of the original list, amnesics 
snow a high probability of completing 
the string “la—» with “_mp” 
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(rather than with “-te” or 

“-ke,” for example). This phe¬ 

nomenon occurs even when the pa¬ 
tient is not able to remember that 
there was a prior list. If we assume 
that the familiarity of “lamp” was 
increased during the prior task, in the 
sense that presentation of the whole 
word brings about a recent integra¬ 
tion (or reintegration) of the 1-a-m-p 
string, completion of the string can be 
viewed as a perceptual task that re¬ 
quires no retrieval. The completion 
task is performed well because the 
1-a-m-p string has greater familiarity 
than do alternative strings that have 
not recently been presented, such as 
1-a-t-e or 1-a-k-e. 

A challenge to the dual process model 
is the so-called word-frequency effect 
in word recognition. Word frequency 
as such refers to the frequency of 
usage of words in the corpus of the 
everyday language—usually the 
written language. This has been 
shown to be a powerful variable in 
many experimental studies of mem¬ 
ory and comprehension, as we might 
expect: the more frequently a word is 
used, the more effectively it is repre¬ 
sented in memory, and the more eas¬ 
ily it is retrieved, remembered, and 
comprehended. Frequency counts 
have been taken for the corpus of 
written English (e.g. Kucera and 
Francis 1967). The expectation that 
sets of high-frequency words should 
he more easily recalled than low-fre¬ 
quency words has been well estab¬ 
lished. 

It should be noted that low-frequency 
words are still easily identifiable as 
English words (such as “giraffe,” 
“obnoxious”). The paradox of this 
effect consists of the fact that low- 
frequency words are recognized bet « 
l t»r than are high-frequency words. If 
subjects are given lists of high- and 
low-frequency words to study, a sub¬ 
sequent test (whether immediate or 
delayed by several days) shows that 
t he probability of recognizing low- 
frequency words as having been pre¬ 
viously presented is higher than that 
for high-frequency words. Inter¬ 
estingly, the new distractor words 
that are usually presented on the 
recognition test show the opposite 
effect: new iow-frequency distractors 
are less likely to be called “old” than 
are new /u#/i-frequency distractors. 

As far as our model is concerned, it is 
dear that the paradoxical effect must 
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Figure 6. In extended teHting of the constancy from word pairs, forward recall (of item B of a 
of F, subjects were presented with ten lists of pair, given A), and backward recall (of A, given 

word pairs over a period of six weeks. Each list B ) all show a relatively wide range of values 

was presented only once, in the expectation over the testing period, with recognition and 

that the items from the different lists would both forms of recall generally rising during the 

thus have the same value for F. The results ten sessions; meanwhile, F remains relatively 

bear out this thinking; recognition of B-items stable throughout. 


be due to some change in the famil¬ 
iarity value, The retrieval value is, as 
we have noted, always greater for the 
high-frequency words. We have ap¬ 
plied our model to the word-fre¬ 
quency effect by assuming that what 
is evaluated at the time of the recog¬ 
nition test is the increment in famil¬ 
iarity (integration) of the item, which 
occurred during the initial presenta¬ 
tion. Specifically, we have proposed 
(Mandler et al, unpubl.) that the ef¬ 
fective familiarity value of an item is 
the ratio of the increment in famil¬ 
iarity to the sum of the increment and 
the familiarity value prior to the in¬ 
crement. If one assumes that the in¬ 
crement due to a single presentation 
is the same for high- and low-fre¬ 
quency words, then the ratio is larger 
for low- than for high-frequency 
words. 

In a series of experiments, we have 
replicated the word-frequency effect 
and demonstrated the applicability of 
the ratio model, It has been shown 
also that the general application of 
the model is unaffected by an incre¬ 
mental variation, which would only 
increase the complexity of the model 
by substituting the incremental ratio 
for each occurrence of F; actually, the 
previous uses of the model can be 
read as using Fas a shorthand sub¬ 
stitution for the appropriate ratio. 

The fact that the recognition of pre¬ 


vious encounters with an event in¬ 
volves more than a simple frequency 
count or decision process is by now 
generally accepted. Recognition often 
requires just as much retrieval from 
organized long-term memory as does 
the search involved in the usual pro¬ 
cess of remembering (see Mandler 
1972). The simple additive model 
presented here opens new avenues for 
research, not only on the nature of the 
interaction between the two processes 
of familiarity (integration) evaluation 
and retrieval (elaboration), but also 
on the structure of each process. In 
particular, the nature of the integra¬ 
tion process provides a promising 
approach toward solving the persis¬ 
tent puzzle about the characteristics 
and formation of the units of mem¬ 
ory—-the chunks of information that 
are the constituents of mental con¬ 
tents, 
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The opinions expressed by reviewers 
are their own and do not represent 
the views of the editors or of Sigma 
Xi, The Scientific Research Society. 
Reviews have been grouped under 
broad headings, with the reader's 
convenience in mind. Some books 
could appropriately he included in 
more than one category, and the ed¬ 
itors suggest that the reader consult 
the Review Index, on page 241, for 
interdisciplinary titles. 


The Scientists’ Bookshelf 


Dictionary of Scientific 
Biography 

Vok 1-16, C. C. Gillispie, ed. Pub¬ 
lished under the auspices of the Amer¬ 
ican Council of Learned Societies. 
1.0,061 pp. Scribner’s, 1970-80, $55 
each, $695 set. After 1 May, $595 set of 
8 double vols. 

With the publication of Volume 16— 
containing a remarkably full index of the 
preceding 15 plus listings of scientists by 
field, of societies, of periodicals indexed, 
and of contributors and their locations, 
and a commendably short inventory of 
errata-—a monumental work of great 
scholarly distinction and wide usefulness 
realizes the goals its planners laid down a 
decade ago. Since 1970, under a grant 
from the National Science Foundation, 
volumes of the Dictionary of Scientific 
Biography have regularly appeared, 
moving with careful dispatch from A 
through Z and presenting in authoritative 
form a record of science and its practi¬ 



tioners (excluding living persons) from 
antiquity to modern times. 

Primarily an American undertaking, 
the enterprise has drawn freely on an in¬ 
ternational community of historical and 
scientific scholars. In doing so, it gained 
Breadth, variety, and validity. Under a 
“Committee on the DSB" made up of 
eight eminent American historians of 
science (one of whom is president of the 
sponsoring ACLS) and with the assistance 
of a distinguished American editorial 
hoard and of a notable international panel 
of consultants, the editor-in-chief, the 
highly regarded historian Charles Gillis¬ 
pie, and the managing editor, Marshall de 
Bruhl, have brought into being in a rela¬ 
tively short period a large work of out¬ 
standing importance. The careful atten¬ 
tion and the handsome and convenient 
form which Charles Scribner’s Sons have 
given the set—clear and attractive type¬ 
face, heavy paper and quarto-size 
sheets—do honor to it and to that es¬ 
teemed publishing house. Already the 
DSB has taken its place alongside such 
indispensable cultural tools as the Dic¬ 
tionary of National Biography and the 
Dictionary of American Biography, 


supplementing both and doing for science 
what they do for their respective national 
histories. 

No previous biographical encyclopedias 
of science—from the initial Poggendorffs 
Biographisch-literarisches Handwort- 
erbuch... (1863 and subsequently) down 
through the more than two dozen spe¬ 
cialist and national guides to scientists 
currently available—match the DSB in 
scope, fidelity, and discernment. Nor do 
they incorporate, as it does so well,, the 
approaches and apparatus of history of 
science. The potency of this relatively new 
discipline and the skill and erudition of 
many of its present practitioners are ap¬ 
parent in all the volumes. Entries in the 
DSB not only, in its own words, "draw 
upon existing scholarship but... [often] 
constitute scholarship where none exists." 
The work is much more than merely an 
expertly annotated directory; it is a 
demonstration of the state of the art in 
history of science today. 

Nearly 5,000 separate entries, written 
by 1,274 authorities, focus on “those fig¬ 
ures whose contributions to science were 
sufficiently distinctive to make an iden¬ 


tifiable difference to the profession or 
community of knowledge.” For the most 
part there can be little quarrel with the 
choices, save to deplore omission of some 
lesser figures, The areas covered are those 
today designated astronomy, biology, 
chemistry, mathematics, physics, and the 
sciences of the earth; a few historians of 
science are also included. The behavioral 
and social sciences, medicine, philosophy, 
and technology "are included only in in¬ 
stances of persons whose work was in¬ 
trinsically related to the science of nature 
or to mathematics," This stipulation leads 
to a number of interesting pieces, such as 
those on Goethe, Freud, Marx, Engels, 
and William of Ockham. 

Emphasis is on the “scientific accom¬ 
plishments and careers” of the men and 
women chosen. Personal biography, be¬ 
yond that necessary for adequate identi¬ 
fication, “has intentionally been kept to 
the minimum consistent with explaining 
the subject’s place in the development of 
science," an understandable editorial 
decision that may later be regretted as the 
study of sociology of science gains in im¬ 
portance. Particularly valuable are bib- 
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liographies accompanying each entry. 
Divided between "Original Work” and 
“Secondary Literature,” they give full 
bibliographical information on writings 
by the subject and on significant writings 
about the subject. An innovative touch are 
the seven splendid “topical essays” in 
Volume 15. These deal with Japanese 
science prior to the 19th-century wester¬ 
nization of that nation and with scientific 
outlooks and accomplishments in four 
ancient civilizations—Indian, Mesopo¬ 
tamian, Egyptian, and Mayan—and in¬ 
clude helpful identifications of real and 
mythical personages, of terms, and of 


As with all great biographical dic¬ 
tionaries, this one lays out for its users the 
principles on which it is designed. From 
the first its editors and their advisers 
recognized the limitations and options 
facing them—paucity of scholarship in 
certain areas, possible unreliability of 
historical perspectives on the recent past, 
the unsuitability of a biographical format 
in certain instances, and the arguments 
for a topical rather than a biographical 
arrangement—and worked both with and 
around these difficulties. Individual 
entries vary in length from many pages 
(for example, 61 for Newton, 56 for Pas¬ 


tor Antonio Pacchioni), the significance 
of the subject’s scientific work and influ¬ 
ence being the main determining factor. 
In a few cases the entry is a cooperative 
effort; that on Laplace—130 pages by 12 
collaborators—is such. Only occasionally 
does the choice of contributor surprise, so 
successful have the editors been in en¬ 
listing the services of well-known experts 


Some notion of the wide geographical 
spread of history of science scholarship is 
apparent from the locations of the con¬ 
tributors. Every continent is represented, 
as are India, the Middle East, and 
Southeast Asia. Well over half the con¬ 
tributors are affiliated with American 
institutions found in more than three- 
fifths of our states, Canada, and Mexico. 


the Eastern bloc. The flavor of the whole 


While the large number of authors 
lends a welcome diversity, it also results 
in an unevenness in quality, All the text 


a good standard of writing; nevertheless 
individual differences are inevitable. In 
addition to the important factual mate¬ 
rial, there are sometimes unexpectedbo¬ 
nuses: C. P. Snow’s piece on J. D. Bernal, 
for example, will interest not only the 
student of 20th-century science but the 


serving its chief purpose fully, theDSB is 


browsers, 

A. C. Crombie, writing in American 
Scientist of this work in 1973 as it neared 
half-completion, noted that it marked “i 


high point of historical scholarship and 
synthesis in general and of the history of 
science in particular.” Now that the first 
important phase is finished—for addi¬ 
tional volumes must surely appear as the 
course of science moves onward—I can 
but echo Dr. Crombie’s words and ap¬ 
plaud an achievement for which we shall 
continue to be grateful —Elizabeth C. 
Patterson, Natural Science, Albertus 
Magnus College 


Third World and 
Technology 

Science and Technology in Develop¬ 
ment Planning. Victor L. Urquidi, ed. 
Science^ Technology, and Global 
Problems. 193 pp. Pergamon Press, 
1979.$30. 

Issues of Development: Towards a New 
Role for Science and Technology. 
Maurice Goldsmith and Alexander 
King, eds. 277 pp. Pergamon Press, 
1979. $35. 

Science and technology cannot be 
turned off and on, rearranged and repack¬ 
aged, to suit the shifting preferences of 
governments about short-range goals. 
Rather, technical capacity must be nur¬ 
tured within the entire social, economic, 
and cultural context. For any nation, that 
nurturing takes a long time and a steady 
commitment. An environment with free¬ 
dom and incentives helps to evoke both 
the scientific base and the technological 
power that nations seek. Even when cir¬ 
cumstances are favorable, the process is 
risky and short-term results are unpre¬ 
dictable. Yet for the authors here, the 
long-term outlook is hopeful, 

These books are proceedings of two 
technical and policy-oriented (but not 
diplomatic) conferences with a total of 


expe¬ 
rienced practitioners drawn from 
throughout the world. The conferees 
gathered in 1979 in Singapore (January) 
and in Mexico City (May) to assess 
science and technology in relation to the 
many issues now dividing—and perhaps, 
for the sake of the world’s future, soon 
unifying—rich and poor nations. 

_ Do we now need to devote more atten¬ 
tion to the diverse ways in which science 
and technology fit into political rhetoric 
and economic doctrine about national and 
global problems? Yes, for at least two 
basic reasons, First, consider the countries 
showing alternative views about mod¬ 
ernization—contrast Jamaica with Sin- 


clarity about what works and why. Solid 
answers would guide national decisions, 
inform international negotiations, and 
resolve global struggles. Second, consider 
the profoundly humane motives of the 


world’s professionals arc so engaged. 
These publications may catalyze the 
critically needed new action. 

A constructive consensus onierps 
across these volumes. For example, all of 
the 70 contributors emphasize that it k 
imperative that each country build a 
“self-reliant and indigenous base” of sci¬ 
entific, engineering, biomedical, ami r 
technical-managerial know-how. This \ 
does not, of course, mean reinventing j 
every wheel and ignoring opportune in 
for cooperation. Furthermore, the con¬ 
tributors locate the enormous gaps in 
available conceptual models and analyt¬ 
ical means for managing technology in 
poor countries. How do you measure Ha¬ 
state of “development" in any country': 

In comparing trends among countries, 
what lessons have we learned 
strategies for the future? These books at*, 
concentrate upon economic choices: she 
national resources allocated to science ami 
technology; the costs of obtaining tec h¬ 
nical information to guide policies on al¬ 
locating resources to all sectors; and the 


institutions in “transferring technology” 
within and between countries. 

Unfortunately, despite their cogent? 
and vision on many matters, these vm!- 


iiml for research on the main sectors. 

Second are the general choices about 
how a poor country organizes itself for 
modernization. Can innovation lie pro 
moled in ways that are both culturally 
alert and economically stable? How much 
basic research and advanced education 
are needed? Although reflecting different 
perspectives, the authors muster a good 
deal of realism in weighing experience and 
aspiration against the bitter consequences 
that flow from any combination of the 
current trade offs with scarce resources. 

Tlu? contributors never Ike a third 
group of issues, which are frankly politi¬ 
cal. Some people believe nations run 
’tiler without much freedom; lml few 
.'denlists do. Totalitarian societies can 
taster tin* technology to manufacture 
idvann d missiles, but they also are more 
Qqjkt-ly to plunge into the intellectual mil 
,iie sacs that foster Lysenkoism or Cul 
ftnr.-d Revolution. In tlu* old-fashioned 
sense, “political economy" matters; and 
it may count, most for the pace of success 
■in -nonce and technology. The authors, 
apprehensive about such politically sen- 
Egpitivi* themes, are generally content with 


integration of the contributors' wt* 


a But today only a small fraction of the 
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comparative effectiveness of variw;* 
economic systems, about technologic#! 
strategies, about historical causes ami 
effects, and about the roles of major m 
stitutions such as the universities, the 
military, and the church. Yet Goldsmith 
and King appeal eloquently and knowl¬ 
edgeably for greater coherence in gov¬ 
ernment programs and international un¬ 
derstanding. Urquidi’s volume, highly 
professional in its parts, never frames tin* 
whole. The books also appear to have 
been edited hurriedly: jargon frequently 
is not defined, many terms are used is 
consistently, and references are rare!* 
given. In retrospect, these conferences daj 
not achieve their primary objective: lfin 
did not deepen, nor even much affect, the 
substance of the massive United Nation* 
Conference on Science and Technology 
for Development that was held later in 
1979. 

Nonetheless, these books ought to be 
required reading for a large audience. 
Thomas Malone, who was chairman of tfe 
Singapore, meeting and who deserve 
great credit for its success, has sketched 
the global challenge in coherent and in 
spiring terms. In a sense, his challenge 
spans two important clusters of issue* 
First, there are “sectoral topics" such to 
food, population, energy, and industrial 
ization for economic growth. World order 
is surely at stake unless all countries ~ 
collaborating more generously and per 
sistently—fulfill their next generation*! 
needs : Sever *l contributors offer 
action 


m 




tin limn-riil ic and diplomatic euphe- 

litins. 

fan lln* unrertuin fate of humankind 


umes have defects. There is no meM El h ' k ihc power of modern 


h iv.nci* and technology? Answering in the 


sionally divergent arguments about lb f ■dtmnatiye, these volumes earnestly 


nfrniii the opportunities that cry out for 
1 attention in villages and cities, on farms 
and in laboratories, industry and gov¬ 
ernment. limlney IV. Nichols, The 
flothefellvr University 

Internationalization to 
Movent the Spread of 
Utelear Weapons 

itorkhulm International Peace Re- 
«ardt Institute. 224 pp. Crane, Rus- 
*k. 11180. $24.ol). 

n tlu* immediate aftermath of World 
r 11 it appeared that internationalize* 
ol all aspects of nuclear industry of- 
i tin* best hope indeed,-perhaps the 
real long-term hope- of preventing 
;prend of nuclear weapons. When it 
kI impossible to establish an inter¬ 
nal nuclear order based on this 
P^ m^ ohi*. the world turned to second-best 
f aiiutTons: widely, but far from universally, 
accept ed treaties obligating nations not 
to acquire or test, weapons, and arrange¬ 
ments for the inspection by the Interna¬ 
tional Atomic Energy Agency (IAEA) of 
nuclear power plants and other facilities 
in order to detect and deter diversion of 
critical materials to weapons purposes, 
With growth in nuclear power and a 
growing belief during the last few years 
that these safeguards may be inadequate, 
there has been a renaissance of interest in 
internationalization of at least some as¬ 
pects of nuclear fuel cycles as a means of 
reducing the likelihood of nuclear weap¬ 


ons proliferation. This concern led to the 
symposium under the auspices of the 
Stockholm International Peace Research 
Institute (HIPRI), which was the basis for 
this volume, and a number of other ac¬ 
tivities during the last several years, in¬ 
cluding, notably, the International Nu¬ 
clear Fuel Cycle Evaluation (INFCE), an 
effort of some (50 nations, instigated by 
the United Stales in 1977, to explore al¬ 
ternatives that would permit the use of 
midcar power while reducing weapons 
proliferation risks. 

Two other motivations might lead to 
the development of international or 
multinational fuel cycle facilities and in¬ 
stitutions: economic advantage and the 
possibility of solution of some of the en¬ 
vironmental problems associated with 
nuclear power, particularly waste dis¬ 
posal. The SIPRI volume, unfortunately, 
gives short shrift to economic questions, 
even though in the organization of mul¬ 
tinational fuel cycle entities.-those with 

interests in the enrichment of uranium 
and the reprocessing of spent fuel—the 
major motivations have been to capitalize 
on economies of scale, to avoid duplica¬ 
tion of development effort, to minimize 
the cost of technology transfer, and to 
realize cartel-type profits. It therefore 
avoids nr glosses over the most interesting 
questions about fuel cycle International¬ 
ization-Are the economies of scale and 
the advantages in avoiding duplication of 
development effort that might apply to 
large-scale reprocessing or enrichment 
sufficient to offset the administrative and 
political problems that arise with the in¬ 
volvement of a number of governments? 
Can the interests of nations in assurance 
of access to fuel services be met through 
involvement in multinational activities 
without there being such a transfer of 
technology that the net effects from a 
nonproliferation perspective will be neg¬ 
ative?; How will the answers to these 
questions depend on organizational ar¬ 
rangements, and what can we learn about 
these questions from experience with the 
several European multinational fuel cycle 
activities? If one wishes to reduce anxiety 
aboubaccess to uranium- natural or en- 
riche J-and hence interest in developing 
national enrichment and reprocessing 
capabilities, how do stockpiling, the es¬ 
tablishment of an international fuel bank 
or authority, and diversification of supply 
compare? 

For answers-or even relevant data and 
approaches—to these and the host of 
other technical-political-economic prob¬ 
lems that arise in any serious consider, 
ation of fuel cycle problems, readers arc 
advised to turn elsewhere, e.g., to a more 
substantial SIPRI volume, Nuclear En¬ 
ergy and Nuclear Proliferation (1979); to 
the nine-volume INFCE study, published 
by the IAEA . (1980); and Plutonium, 
Power, and Politics by Gene Rochlin 
(University of California Press, 1979). 

There are other problems with this 


volume because of timing. The papers 
were written in anticipation of the second 
quinquennial review of the Nuclear 
Non-Proliferation Treaty, which occurred 
in August-September 1980 but developed 
rather differently than expected by some 
of these authors (and this reviewer). Both 
the SIPRI symposium and the publica¬ 
tion occurred too early to reflect the 
findings of JNFCE and the results of the 
NPT Review Conference, but too late to 
influence either -not that many of the 
papers would have been likely to have had 
much influence anyway. 

It is unfair to leave the impression that 
all the contributions are vacuous. Seven 
or eight merited publication and are 
worth reading. Most of the others, in¬ 
cluding the introduction to the book, 
however, read as if they were the price of 
admission to the symposium, This may be 
a useful way of limiting attendance to a 
conference to those who are willing to give 
a subject some thought, but it does not 
follow that all the papers should be pub¬ 
lished.—George W. Rathjens, Political 
Science, MIT. 

Entropy 

A New World View, Jeremy Rifkin. 
305 pp. Viking Press, 1980, $10,95. 

We have entered a time when the as¬ 
sumptions of the prevailing world view, of 
the Age of Reason, face increasing chal¬ 
lenge, Yet because the new world view is 
not well developed, many of the chal¬ 
lenges are still phrased in the old meta¬ 
phor, rendering them neither fish nor 
fowl. This is the case with Entropy, whose 
author might have written a fine book if 
only he had never heard of the second law 
of thermodynamics. Rifkin’s portrait of 
the disintegration of centralized, tech¬ 
nological society is comprehensive and 
largely accurate. His description of the 
failure of modern economics and the 
poverty of its theory is very nicely done, 
But then there is entropy. 

Rifkin’s belief that all the world’s 
problems can be explained in terms of one 
law of physical chemistry is itself a gross 
exaggeration of the power of pure reason, 
and a conceit that demonstrates extraor¬ 
dinary scientific naivete, The second law 
is indeed one of great subtlety and power. ■ 
When dealing with the energy crisis it 
must be kept constantly in mind, for it 
explains such things as the absurdity of 
“synfuels” and the paramount impor¬ 
tance of energy conservation. 

However, like so many mathematical 
entities in vernacular translation, the 
concept of entropy invites shallow spec¬ 
ulation and generalization. This general¬ 
ization has a kind of scientific verisimil¬ 
itude which, however spurious, tends to 
conceal the fact that the power of the law 
decreases rapidly, as its speculative , use 
increases, One or two decades ago, many 
ecologists became fascinated with the idea 
of entropy and applied it in all kinds of 
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inappropriate ways, much as Rifkin has 
done now. Soon this interest waned as 
ecologists began to understand better the 
limitations inherent in the definition of 
entropy. For example, physical chemists 
have long understood that the laws of 
thermodynamics cannot tell us about the 
rates and mechanisms of reactions; that 
is the reason for the study of kinetics. This 
limit to the usefulness of entropy does not 
disappear when the idea of entropy is 
used by analogy outside chemistry. 

Thus it is not surprising to find that 
“entropy” is employed in a vague way in 
this book—like “fascism," it comes to 
mean “something bad." The most glaring 
example is in Rifkin’s chapter on urban¬ 
ization, in which he implies that the sec¬ 
ond law bolsters his prejudice against 
large cities. But does it? Although I don’t 
intend this as a proof of the superiority of 
the urban life, isn’t it true that heating, 
human transportation, residential con¬ 
struction, and waste disposal (especially 
toxic waste disposal) all result in a smaller 
per capita increase in entropy in cities 
than in suburbs or rural areas? 

Even the construction of the volume 
reflects the simplistic nature of Rifkin’s 
approach to a complex problem. There 
are 260 pages of text and 43 chapters—an 
average of six pages per chapter. Yet, for 
all their brevity, the chapters carry vast, 
pretentious titles such as “Reformulating 


Scientific analogies are very useful; we 
all use them. Yet the danger inherent in 
this way of thinking must never be over¬ 
looked. If there is a single-factor expla¬ 
nation that is common to all of the im¬ 
portant problems of humanity, it is very 
unlikely that it will be found in chemistry 
or physics texts .—David Ehrenfeld, 
Biology, Rutgers University 


Physical Sciences 

Seabrook and the Nuclear Regulatory 
Commission: The Licensing of a Nu¬ 
clear Power Plant, Donald W. Stever, 
Jr. 248 pp. University Press of New 
England, 1980. $15. 

Seabrook epitomizes the consequences 
of an uncertain regulatory climate. The 
Nuclear Regulatory Commission lacked 
a well-defined mechanism for resolving a 
host of issues, and as a result construction 
of the plant was successfully challenged 
and delayed on all possible grounds: 
safety, environment, and economics. Even 
now the ultimate completion of Seabrook 
is uncertain. 

Stever provides a wealth of detail about 
events surrounding the situation. Im¬ 
portantly, he avoids becoming too emo¬ 
tionally involved with any particular point 


sion-making body. After reading the book, 
no sensible utility would contemplate 
construction of a nuclear facility at this 
time. Such realization may well be the 
book’s most valuable contribution to re¬ 
form.—/?. V. Kline, Energy Center , 
Harvard University 

Encyclopedia of Physics. Rita G. Lerner 
and George L. Trigg, eds. 1157 pp. Ad- 
dison-Wesley/Advanced Book Pro¬ 
gram, 1980. $99.50. 

The true test of any encyclopedia is 
whether, in addition to providing the 
specific answer sought, it encourages 
browsing. This one passes the test admi¬ 
rably. A second test, which each reader 
can apply, is whether the roughly 500 
contributors to the encyclopedia have 
been well selected. Applying this test, I 
found that almost without exception the 
contributor for a particular entry was 
among the top five I would have listed as 
best qualified to write on the topic. This 
is clearly the definitive encyclopedia of 
physics currently available. 

The editors, both of whom have long 
experience with physics and physicists (in 
the American Institute of Physics and the 
editorial offices of Physical Review Ut¬ 
ters, respectively), state that they have 
intended to provide “a comprehensive 
reference source in a single volume." In 


Science” (5 pages), “Technology” (2 
pages), and “Toward a New Economic 
Theory” (3 pages). Chapters flash by like 
images on a television screen, so fast that 
the sloppy, superficial quality of the 
underlying thinking is effectively con¬ 
cealed. 

No hint of doubt or uncertainty creeps 
into this book, no thought that there are 
questions to which there are no answers. 
“The laws of thermodynamics,” says the 
author, "govern the physical World.... A 
thorough comprehension of the Entropy 
Law is crucial for understanding the 
physical context from which all spiritual 
sojourns must start.” This sort of patro¬ 
nizing smugness is the hallmark of the 
person who has not penetrated far enough 
into science to perceive its constraints and 
uncertainties. 

If one has to pick a single law or quality 
to explain the troubles of the world, why 
pick the second law of thermodynamics 
and entropy? Why not the first law, or the 
equations governing the compounding of 
interest, or Le Chatelier’s law, or Von 
Neumann and Morgenstern’s theorem, or 
the Heisenberg uncertainty principle (I 
fancy the last two, myself)? Each lends 
itself to facile explanations of the deteri¬ 
orating world situation. But this is pre¬ 
cisely the problem. The irony of this book 
is that a major part of the social deterio¬ 
ration that Rifkin describes so well is 
caused by his and others’ antiquated as¬ 
sumption that the application of simple 
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of view. Starting with a brief review of 
Seabrook’s inception and early difficul¬ 
ties, he proceeds to discuss in detail 
problems relating to siting, safety, fi¬ 
nancing, the environment, and public 
participation. Each topic is illustrated 
with many exemplary instances. 

The main weakness of the book is that 
it does not properly put nuclear power in 
context. For example, many of the prob¬ 
lems surrounding the Seabrook plant edn 
and probably will be extended to cpetl- 
fired plants. Most of the environmental 
and health questions raised are just as 
serious for coal, and just as unanswerable 
at present. New England has few realistic 
energy options that can alleviate its de¬ 
pendence on oil-fired generating capacity, 
Thus, although the book draws a vivid 
picture of institutional paralysis and a 
failure of participatory democracy, it 
sheds little light on how to avoid these 
difficulties in the future. 

On the contrary, at times the author 
seems to despair of solutions. Much space 
is devoted to questions of safety, but often 
in such a way as to make safety seem 
fundamentally unattainable. At one point 
it is mentioned that the economic benefits 
of having the plant in a locality would 
probably induce people to move closer to 
it, thus rendering the site unsafe in the 
event of a mishap. This kind of reaso nin g 
is not calculated to resolve issues. 

The book nevertheless effectively 
points out the urgent need for a top-to- 
bottom overhaul of the NRC, leading to 
a more streamlined and responsive deci¬ 


UMljr» 

Coming at one of the moat dynamic and 
challenging periods in the entire history 
of physics—when Einstein’s dream of a 
unified theory of the forces of nature 
seems within our grasp, whert we may a! 
last have gained access to the fundamen¬ 
tal building blocks of matter, when the 
applications of physics are changing our 
lives in ways ranging from the most trivial 
to the most profound, and when this 
fundamental science is making increasing 
contributions to the well-being of our 
race—this encyclopedia provides a timely 
and welcome snapshot of the field. The 
field will unquestionably change, and now 
editions of this encyclopedia will be re¬ 
quired. I wish that I could even guess 
where the most striking changes will 
occur, but if I could we would not be dis¬ 
cussing physics. For the present, however, 
I have thoroughly enjoyed my initial quick 
traverse of this volume: it will be the first 
of many. 

The articles are self-contained, signed, 
usually about a page in length, followed hy 
5-10 pertinent references (some as recent 
as mid-1980) for those who wish to dig 
more deeply. While keeping tine entries to 
a manageable size, the editors have very 
wisely allowed their authors adequate 
space to provide more than the usual 
definition or supercondensed prose. In- 
deed, I suspect that most users of the en¬ 
cyclopedia will find their specific ques¬ 
tions answered without additional search, 
but they will surely find themselves se¬ 
duced into asking new questions as they 


search and browse. Illustrations have been 
used liberally but only where they actually 
add content rather than mere ornamen¬ 
tation. 

A detailed index including some 2,000 
entries provides entry into the encyclo¬ 
pedia. Generous cross-referencing leads 
the user from the general articles to the 
more detailed and specialized material. 
The format, two columns per large page, 
is convenient, and in general the volume 
is attractive and easy to use. 

The editors deserve our thanks and 
congratulations for filling a very real need 
with this volume, which will be a much- 
used addition not only to each physics 
office but also to all those that find 
themselves dealing with any of the phys¬ 
ical sciences and with modern science 
generally.—/). Allan Bromley, Physics, 
Yale University 

Electrochemical Methods: Funda¬ 
mentals and Applications, Allen J. 

Bard and Larry R, Faulkner. 718 pp. 

Wiley, 1980. $29.95. 

With the appearance of modern elec¬ 
tronic circuitry, microcomputers, and 
Fourier transformation techniques, elec¬ 
trochemistry has emerged as a valuable 
tool for both the analytical chemist and 
the physical chemist. The entire spectrum 
of electrochemistry is presented here in 
the light of the most recent advances. 
Written as a textbook for beginning 
graduate or senior undergraduate stu¬ 
dents, according to the authors, this book 


Helicopter Theory 


Wayne Johnson 


In a depth and range nor previously available, 
Wayne Johnson provides a modern, 
comprehensive, and consistent coverage of the v 
fundamentals of helicopter theory. In doing so, c 
he focuses on the engineering analysis required 
ro design, develop, and evaluate helicopters < 
rather than on rhe synthesis or resting of the <- 
aircraft, For the design of a successful 
helicopter, both rhe first cost and operaring cost c 
of rhe rotor system must be weighed against c 
rhe value of vertical flight capability, while rhe 
penalties of vertical flight must be minimized. - 
1,090 pages. $95.00 



Princeton University Press 

Princeton, New Jersey 08540 


will be particularly welcomed by analyt¬ 
ical and theoretical chemists interested in used to collect electrochemical data. Op- highlights is Chapter 6, which develops 


the application of electrochemical meth¬ 
ods. Those who wish to add these skills by 
independent study will also find it use¬ 
fully arranged: basic principles are pre¬ 
sented in the early chapters, a very helpful 
mathematical appendix is found at the 
end of the book, and an excellent set of 
problems follows each chapter. 

Knowledge of physical chemistry and 
calculus is assumed, Although courses in 
differential equations or advanced cal¬ 
culus would be helpful, the serious stu¬ 
dent without these courses should have 
little difficulty if generous use is made of 
the appendix and the references given 
there. Reviews of topics found in most 
undergraduate physical chemistry courses 
are given in the first four chapters, which 
are followed by a very thorough treatment 
of the various microelectrode techniques, 
Maeroelectrode or bulk electrolysis 
methods are discussed in detail in a later 
chapter. Techniques involving both small 
and large perturbations are discussed in 
detail. Applications of Fourier transfor¬ 
mation in the analysis of data are intro¬ 
duced in Chapter 10. 

The short chapter on electrochemical 
instrumentation is little more than a brief 
introduction, but it does provide the stu¬ 
dent with some understanding of the 
contents and function of the black boxes 


erational amplifiers, current and voltage 
feedback circuits, and potentiostats are 
discussed in principle and application. 

The last chapter is perhaps the most 
exciting of all. Here both spectroscopic 
and electrochemical methods are applied 
to the problem of learning the character¬ 
istics of matter. Included are brief treat¬ 
ments of such topics as electrogenerated 
chemiluminescence, photoelectrochem¬ 
istry of semiconductors, and the electro¬ 
chemical detection of photolytic and ra- 
diolytic products, Although the authors 
do not claim to present a comprehensive 
review of current literature, the 800 or 
more references they give are certainly 
sufficient to start an inquiring student on 
his way into any of the topics covered by 
this text Clarence M. Cunningham,- 
Chemistry, Oklahoma State University 


Symmetry Groups: Theory and Chemi¬ 
cal Applications. R. L. Flurry, Jr, 356 
pp. Prentice-Hall, 1980. $26.50, 

This textbook is intended for an intro¬ 
ductory course at the graduate level, The 
first five chapters, after a useful review of 
vectors and matrices, provide a lucid in¬ 
troduction to the representations of point 
groups and space groups. One of the 


four special groups: the rotation-reflection 
group, double groups, the symmetric 
(permutation) groups, and the symmetry 
groups of nonrigid molecules, The second 
half of the book treats selected applica¬ 
tions, beginning with chapters reviewing 
quantum mechanics and the interaction 
of radiation with matter. 

The material is clearly presented, the 
content is up-to-date, and the format is 
appealing as well as different from other 
textbooks in the field, The subjects are set 
forth in terms of effective and convincing 
examples and intuitive reasoning. Formal 
proofs of the great orthogonality theorem 
and Schur’s lemma are given in a handy- 
appendix. The presentation emphasizes 
constructing symmetry-adapted func-, 
tions that belong to the appropriate irre¬ 
ducible representations of the group 
under consideration, with little attention 
to symmetry factoring of the associated 
secular equation or to finding eigenvalues. 
This latter approach, is typical of other 
textbooks in the field. 

The sections dealing with applications 
treat the contributions made by group 
theoretical analysis, while leaving out 
much of the introductory material which 
might logically be obtained in class or by 
independent reading. Applications not 
readily found, in chemical textbooks in- 
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elude the Wigner-Eekhart theorem and 
coupling of angular momenta, rotational 
states, and nuclear spin states. Applica¬ 
tions to spectral assignments are given but 
not emphasized. Oddly, although the 
representations of .space groups and the 
symmetry groups of nonrigid molecules 
are presented, no applications are given 
for the former and for the latter the only 
application is vibrational analysis. The 
book meets its goal of providing a solid 
introduction to the chemical and physical 
aspects of group theory in a new for¬ 
mat.— Charles Dimukes, Chemistry, 
Princeton University 

Gauge Fields: Introduction to Quantum 
Theory. L. D. Faddeev and A. A. Slav- 
nov. Trans. D. B. Pontecorvo, Frontiers 
in Physics, 50. 232 pp. Benjamin/ 
Cummings, Advanced Book Program, 
1980. $28.50. 

Yang-Mills field theory, which is a ' 
generalization of Maxwell’s electrodyn¬ 
amical field theory, stands today, together 
with Einstein’s general theory of relativ¬ 
ity, as a great monument to the ingenuity 
and imagination of theoretical/mathe¬ 
matical physicists. Both are based on the 
principle of local gauge invariance. In¬ 
deed, Weyl’s analysis in the 1920s of 
gauge-transformation properties of gen¬ 
eral relativity and electrodynamics set the 
stage for the generalization achieved by 
Yang and Mills a quarter-century later. It 
took another quarter century for physi¬ 
cists to learn how to use the theory in de¬ 
scriptions of nature. Currently the model 
is essential for an understanding of weak, 
electromagnetic, and strong interactions, 
and there is some hope that it can be 
combined with general relativity for a 
truly grand unified theory of all natural 
processes, based on an all-encompassing 
gauge principle. 

The 25-year interval between the initial 
formulation by Yang and Mills and the 
first successful application to electro- 
weak processes by Weinberg and Salam 
was used by physicists to overcome the 
difficulties of quantizing and renormal¬ 
izing the theory. The authors of this book 
made crucial contributions at this stage of 
the development (Faddeev-Popov pro¬ 
cedures, Slavnov-Taylor identities), and 
the book reflects their authority and ex¬ 
pertise. The discussions of path-integral 
quantization and renormalization are 
excellent. They are especially enhanced 
by a Russian tradition of teaching and 
research which is subtly different from the 
American/European approach and - 
therefore provides an interesting alter- ■ 

native emphasis. No better book can be \ 
recommended to the reader interested in j 
these topics. 

However, although the subject has ■ 
moved beyond the perturbation theory , 
explorations that are so well described, in i 
a preface to the English edition the au- ] 
thors characterize the recent develop. > 
ments as not definitive and demur from 1 
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very intriguing nonperturbative discov¬ 
eries, which in fact are more firmly based 
than the perturbative ones, must turn 
elsewhere- for instruction.— Roman 
Jackiw , Physics, M.I.T. 


discussing them, This is unfortunate, The book is not without other weak- 
since the omission makes the book nesses. In particular, it would be imski- 

somewhat out-of-date. The student erably improved were the bibliography of 
wanting to learn about these newer and reference works expanded and collected 
very intriguing nonperturbative discov- in one place. Some important topics, 
eries, which in fact are more firmly based particularly details of experimental 
than the perturbative ones, must turn techniques, are given much too brief ex- 
elsewhere- for instruction— Roman position. Nomenclature is sometimes i»- 
t Jackiw, Physics,M.LT, correct: for example, the cofactor of a 

determinant is called its minor, and the j 
Modern X-Ray Analysis on Single trace of one plane on another is called the 
Crystals. Peter Luger. 312 pp, Walter projection. There is an excessive number 
de Gruyter, 1980. DM 96. of misprints—I counted 11 without fife- 

In the interval of over 65 years since its bailed search. Nevertheless, the book 
discovery by von Laue and its first use in should prove useful not only for the neo- 
crystal-structure determination by the pHyte, for whom it is intended, but even 
Braggs, x-ray diffraction for crystal- as a compact reference handbook lor the 

structure analysis has progressed from an experienced practitioner.. Henri A, 

esoteric laboratory curiosity to an every- Levy , Chemistry, Oak Ridge National 

day tool of the chemist and solid state Laboratory 

physicist. During most of this interval, the r, , x „ „ 

practice has been the province of the n V ' R 

specialist. Typically, the crystallography “““■ £ * Z “ ralty ' 1K 

learns his trade in an established crys- R 4 Wrnyeva am V. F. 

tallographic laboratory and from refer- 1 h S"“-'«’■> 

ence books and journal articles written for ^ e ^’ 

specialists. This interesting and unusual textbook 
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specialist. Typically, the crystallography “““■ £ P d 1h 

learns his trade in an established ays- R 4 Wrnyeva am V. F 

tallographic laboratory and from refer- 1 h S"“-'«’■> 

ence books and journal articles written for ^ e ^’ 
specialists. This interesting and unusual textliook 

Two recent developments have made on plasma physics lies somewhere be- 
feasible the practice of crystal-structure tween a book containing ‘'gas discharges" 
analysis, not strictly as a specialty of the in the title and the ?nore recent works on 
expert, but as a powerful, useful tool to be the physics of fully ionized plasmas. An 
applied by the general researcher as ap- introductory chapter discusses quasi- 

propriate to his problems. These are, first, neutrality, introducing the Debye length, 

the mechanization of data measurement the plasma frequency, and typical value? 


by automatic, computer-controlled in¬ 
struments and, second, the development 


of plasma parameters and is billowed by 
a chapter on the nature of the types Jf 


of direct solutions to the crystallographic collisions, elastic and inelastic, treated by 
phase problem and the encoding of these both classical and quantum methods, The 

solutions in easily applied computer major topic of the central third of the 
programs, Consequently, a primer on book is relaxation processes of various 
crystal-structure analysis such as this one kinds: ionization, energy exchange, pur 
by Professor Luger of Berlin Free Uni- tide diffusion, response to electro and 
vemity is appropriate. magnetic fields, in both slightly ionized 

this book covers, in concise but clear and fully ionized gases. The discussion of 


form, mathematical techniques and dif- diffusion in magnetic fields leads to n ] 
raction-theory results, experimental study of magnetic confinement There are 
techniques, crystal-symmetry and several stability studies of the ionization 
space-group determination, diffractom- mode, drift waves, and the M.H.I) inter- 
eter measurements, phase-problem so- change modes, with some remarks on 
iution by Patterson, Fourier and direct anomalous diffusion. On the other hand 
routes, refinement techniques, and pre- there is very little on wave propagation or 

s sms 

ar.smg „ on. or another stage of the sense of presenting fairly twpto 


» “ - ** V-M in mathematical developmen tit, ta S 
8 ^ r0D £k °n physical arguments to make 


na^achonpatternspresented. plan* 

The result is a book which goes far phenomena. This makes for Mh 
toward achieving the author’s ambitious reading and physical insisht 
S to f serv< ; as agmdeand to enable the I find one major and one minor fit 
reader to solve his structural problems is surprising that. n lvinlr lit 


I find one major and one minor flaw, U 
is surprising that a book of this kind has 


almost without further preparation’’As so few raZn ? T T k,n i 

routine, abnormal problem arises, which, soje of h ” 

the experienced crystallographer knows” lesa convtocSmditfc'’“T ; 
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“summary” usually means “total,” for 
example, while the solar “corona" be¬ 
comes the solar “crown" at one point. 

It- might lie a suitable text for an intro¬ 
ductory course, although it would not be 
my first choice. I would, however, rec¬ 
ommend it as useful auxiliary reading for 
a course based on a text that stresses ei¬ 
ther fully ionized plasma or gas dis¬ 
charges— William B. Thompson, Phys¬ 
ics, University of California, San Diego 

Symmetries in Science. Bruno Gruber 

and Richard S, Millman, eds, 495 pp. 
Plenum, 1980. $49.50. 

This book contains the Proceedings of 
the Einstein Centennial Symposium held 
at Southern Illinois University in 1979, 
dealing with applications of symmetry 
considerations to several fields of natural 
science, in particular physics, biophysics, 
and chemistry. 

Like the large majority of conference 
proceedings, it suffers from the fact that 
each article is written in its own notation 
and style, with no attempt to coordinate 
the various subjects. For this reason, it 
cannot lie recommended to students 
wishing to learn how to use and apply 
group theory to scientific problems. 

On the other side, since the book brings 
together experts from various fields, it 
may he of use to experienced scientists 
who wish to know recent developments in 
neighboring fields. The articles can be 
broadly divided into three types: those of 
very speculative nature; reviews sum¬ 
marizing work done by the authors or 
others in a particular field of physics, 
biophysics, or chemistry; and reports on 
recent developments in mathematical 
techniques. The last type is perhaps the 
most interesting aspect of the book. In 
particular, worth mentioning are the ar¬ 
ticles of Biedenharn and Louck, of 
Klirnyk, of Patera and Saint-Auhin, and 
of Smirnov.- 

Comparing this book with similar ones 
on the subject, we may note that the 'fre¬ 
quency of conferences and symposia has 
become so great that the contents of many 
of them overlap. For example, a good 
fraction of the articles in this book can be 
found also in the Proceedings of the Sev¬ 
enth International Colloquium on Group 
Theory and Mathematical Physics held 
in Austin, Texas, in 1978, especially those 
articles which present applications of 
group theoretical methods to elementary 
particle, nuclear, and atomic physics, 

Perhaps the major merit of this addi¬ 
tion to the series of many books on the 
subject is in providing, under a single 
cover, articles on many different fields 
with good bibliographies giving easy ac¬ 
cess to the original literature. Its demerit 
may lie in the fact that the majority of the 
articles are a repetition of similar articles 
already published, or soon to appear, in 
other conference proceedings.— F. Ia - 
chcllo, Physics, Yale University 


The (p,n) Reaction and the Nucleon- 
Nucleon Force. Charles D. Goodman, 
Sam M. Austin, Stewart D. Bloom, J. 
Rapaport, G. It, Satchler, eds. Proc. 
Conf., Telluride, CO, 1979. 539 pp. 
Plenum, 1980. $55. 

This book is the proceedings of a con¬ 
ference held in the convivial surroundings 
of Telluride, Colorado, and intended to 
bring together nuclear experimentalists 
and theorists directly involved in the 
study of the nucleon-nucleon force and its 
manifestation as an effective force in 
nucleon-nucleon interactions. Following 
a review of our present knowledge con¬ 
cerning the free N-N force, various ap¬ 
proaches to deriving effective N-N forces 
from free N-N forces are discussed. The 
problems manifested by tests against 
nucleon-nucleus scattering are detailed 
and shown to provide the promise of 
gaining new information concerning both 
nuclear structure and the effective nuc¬ 
leon-nucleus interaction. This will prob¬ 
ably be achieved first at energies of >1.00 
MeV, where the reaction mechanism ap¬ 
pears to be considerably simpler. The 
questions and difficulties raised by mul¬ 
tistep processes, particularly at lower 
energies, are addressed, 

Data on (p,n), (n,p), and pion charge- 
exchange reactions are presented, and the 
importance of these reactions for probing 
specific components of the isovector ef¬ 
fective N-N interaction is emphasized. 
For example, it is shown how theoretical 
analysis of the zero-degree (p,n) cross 
sections allows the corresponding /3-decay 
transition matrix elements (Fermi and 
Gamow-Teller) to-be used to obtain the 
volume integrals of the central compo¬ 
nents of the isovector interaction at zero 
momentum transfer. G-T strength not 
accessible via /3-decay is uncovered in 
(p,n) and (n,p) reactions. 

The general aim of this conference was 
certainly achieved, if one can judge by the 
mix and timeliness of the theoretical cal¬ 
culations and experimental data con¬ 
tained in this volume, In great measure 
the contents are interesting, current, well 
written, and error free; and. the quality of 
the many figures is excellent.—F. P. 
Brady, Physics, University of California, 
Davis 


Synchrotron Radiation: Techniques 
and Applications. C. Kunz, ed. Topics 
in Current Physics, 10, 442 pp. 
Springer-Verlag, 1979. $42.90. 
Synchrotron Radiation Research. 
Herman Winick and S. Doniach, eds. 
754 pp. Plenum, 1980. $65. 
Synchrotron radiation, the electro¬ 
magnetic radiation emitted by accelerated 
electrons that move at close to the speed 
of light, has been used in the past decade 
as an alternate source of ultraviolet ra¬ 
diation and x-rays. While conventional 
sources, which cover the entire electro- 


Science in 

Contemporary 

China 

Edited by LEO A. ORLEANS 

Covering every major discipline, this monu¬ 
mental work is the first comprehensive survey 
of Chinese science since 1961-28 papers by. 
distinguished American scientists describing 
developments of the late 1970’s in the natural 
and social sciences, and several key areas of 
technology. Chapters dealing with individual 
disciplines include a brief historical sketch, an 
account of current research, a description of 
the relevant research centers and scientific 
journals, and an assessment of the subject’s 
importance within China’s developmental 
priorities. Also included is an account of the 
history of Chinese science and an analysis of 
science policy since 1949. Nearly all the con¬ 
tributors have recently visited China. $35,00 

Stanford University Press 



magnetic spectrum, have been accessible 
for laboratory experiments, these sources 
are usually based on line spectra. The 
radiation is thus available in abundance 
only at particular wavelengths. By con¬ 
trast, synchrotron radiation sources fill 
the gaps in wavelengths and provide 
abundant radiation at all wavelengths. A 
technological development of high-energy 
physics—the electron storage ring—has 
proved to be an ideal source of such ra¬ 
diation. Emissions from such storage rings 
have four useful properties; tunability, 
polarization, a high degree of collimation, 
and a time structure, By using .a mono¬ 
chromator (either a diffraction grating or 
a crystal), a slice of the spectrum can be 
taken and used for experiments in much 
the same way as radiation from a con¬ 
ventional source, The storage ring also 
provides unusual stability for the 
source. 

Synchrotron radiation was first de¬ 
tected during the war as an unexpected 
difficulty in accelerating electrons in a 
synchrotron, The theory of such radia¬ 
tion, however, goes back to the turn of the 
century. The radiation is a considerable 
annoyance to an accelerator builder who 
wants to produce very high energy elec¬ 
trons, The radiation is emitted in great 
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abundance when the particles are i 


Winick and Doniach because of the appear in the physics of plasmas, the solid 


ended perpendicular to the direction of broader coverage. Both volumes will need state, field theories, and elsewhere. There 
their motion, as in a circular accelerator, updating in a few years because of the has also been a breakthrough in the ana* 

The highest electron energies have thus rapid pace of development, but this only lytical solution of the wave equations 

been produced in linear accelerators such indicates the vigor of the changes being (Kerteweg-de Vries, sine-Gordon, etc.) 

as the two-mile-long linear accelerator at brought about in many areas of science by that give rise to solitons. 

Stanford, which was designed to avoid the utilization of synchrotron radia- In this remarkable volume, Bullough 

synchrotron radiation. tion .—Martin Blume, Physics, Brook- and Caudrey have assembled articles from , 


Stanford, which was designed to avoid the utilization of synchro 
synchrotron radiation. tion .-Martin Blume, Phy 

During the past decade, solid state haven National Laboratory 
physicists, biologists, crystallographers, 
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In this remarkable volume, Bullough 
and Caudrey have assembled articles from 
many luminaries in the field—Calogero, 
Degasperies, Faddeev, Gibbs, 'Hirota, 
Lamb, Luther, McLaughlin, Newell, 
Novikov, Toda, Wadati, and Zakharov. 
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The seven chapters in Kunz’s book and 
the twenty-two in Winick and Doniach’s 
show the breadth of application of syn¬ 
chrotron radiation and give some idea of 
future developments. Topics treated in¬ 
clude, among others, atomic, molecular, 
and solid state spectroscopy, microlitho¬ 
graphy, x-ray microscopy, catalysis, the 
structure of biological molecules, small- 
ang e scattering, microprobes for chemical 
analysis, nuclear resonant, and 
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owned lands. Underwriting of the Rifle, 
Colorado, project by 17 industrial and 
research companies proved the feasibility 
of modem commercial techniques. For 
the first time, major oil companies are 
seriously interested in production of oil 
from oil shales and can provide the heavy 
capital needed. 

The author’s review leads the reader to 
an understanding of the many basic 
problems of this important resource. The 
minimal use of technical terminology, 
moreover, makes it possible for any in¬ 
telligent layman to benefit from reading 
this discussion .—Hazel A. Peterson, 
Consulting Geologist, Commerce, TX 


Polluted Rain, Taft Y. Toribara, Morton 

W. Miller, Paul E. Morrow, eds. Envi¬ 
ronmental Science Research, 17. 502 

pp. Plenum, 1980. $49.50. 

We should never total up the cost of 
books like this one and the conferences 
that were held to produce them. In this 
case, I’d guess that the amount of money 
spent on the conference and book (not 
counting the time of the participants and 
the editors) was equivalent to that re¬ 
quired to fund a modest research project. 
The key question is: Would that money 
have been better spent on the research 
project? The answer is yes because of the 
abundance of information available on 
the subject from other conferences. 

There have been three other such, 
publications—all proceedings of confer¬ 
ences also primarily on acid rain. The fact 
that in one year four books were pub¬ 
lished on this same subject indicates that 
there is not a dearth of available infor¬ 
mation. Of the four conference proceed- 
i ngs, this one is the weakest, not only be¬ 
cause of the lack of new material but also 
because of a relative lack of depth in 
comparison to the others. An exception 
must be granted for the papers that rec¬ 
ognize the existence of things in atmo¬ 
spheric deposition other than acids—i.e. 
metals, radioactivity, oxidants. It is un¬ 
fortunate that there was not more such 
information. 

The main weakness of this addition to 
the growing population of hardbound 
proceedings of acid-rain conferences is 
that it appeared when other, stronger 
volumes were available, Its main strength 
is the recognition that atmospheric de¬ 
position is indiscriminate with respect to 
the periodic table.—Jama? N. Galloway, 
Environmental Studies, University of 
Virginia 


Ground Water. Robert Bowen. 227 pp. 

Halsted Press, 1980. $44.95. 

The general appearance and the title 
might lead one to believe that this book is 
either a treatise on the management of 
ground-water resources or an introduc¬ 


tory textbook for geohydrologists, It is 
neither. The book is a survey of factors 
that influence development of ground 
water as a renewable resource and of the 
ways in which ground water figures sig¬ 
nificantly in civil-engineering practice. 
Bowen presents a collection of facts, ideas, 
and caveats that would interest any 
landowner, investor, or political official 
contemplating a major ground-water de¬ 
velopment or civil-engineering project but 
would be of little use to a serious student 
of management, hydrology, or engi¬ 
neering. 

The book examines many of the 
ground-water hydrologist’s techniques for 
exploration, evaluation, and development. 
Each technique is discussed far too briefly 
to permit its application, and the discus¬ 
sion rarely indicates sources of additional 
information. Well hydraulics, borehole 
and surface geophysics, aquifer geo¬ 
chemistry, and remote-sensing techniques 
are all presented with few references to 
manuals for information on their appli¬ 
cation or to scientific articles for discus¬ 
sion of their theoretical basis. (By con¬ 
trast, compare the extensive bibliography 
in a recent book of the same title by 
Freeze and Cherry.) 

Resource-management principles and 
physical principles of hydrology are both 
introduced without rigor or clear logic, 
Each subject is approached obliquely 
through “allusions” (Bowen’s term) and 
historical examples. . Definitions of terms 
and concepts are scarce in the text but are 
included in an appendix, For those who 
are interested in the subject of ground 
water, but who need neither a rigorous 
mathematical development of its theory 
nor a logically coherent approach to its 
management, Bowen’s book could be in¬ 
teresting reading .—Rufus T . Getzen , US, 
Geological Survey, Menlo Park, CA 


Life Sciences 

Pleistocene Mammals of North 
America. Bjorn Kurten and Elaine 
Anderson, 442 pp. Columbia University 
Press, 1980. $42.50. 

Since 0. P. Hay’s work became 
outdated half a century ago, general per¬ 
ceptions of Pleistocene mammal history 
have been kaleidoscopic at best, despite 
many local advances in stratigraphy, 
ecology, and systematica. Only the brief 
summary by Hibbard and others in 1964, 
following the International Quaternary 
meetings, heralded such a major synthesis 
as this large book, which ably sets forth 
almost everything known about the 
subject. 

The key to KurtSn and Anderson’s 
success is a vastly refined new chronology. 
In the 1920s Hay saw no evolution—only 
extinction—in the Pleistocene. In the 
1950s a threefold division of mammal ages 1 


(Blancan, Irvingtonian, and Ranchola- 
brean) emerged. The 1960s brought 
tephrochronoiogy and the 1970s magne¬ 
tochronology into the long fossiliferous 
sections of western North America, As a 
result, this volume recognizes four divi¬ 
sions of the Blancan and three divisions 
each of the Irvingtonian and Ranchola- 
brean, The late Pliocene and Pleistocene 
become exciting times, rampant with ex¬ 
tinctions, immigrations, and manifold 
evolutionary changes, The authors con¬ 
duct a scherzo, not a dirge. 

Recognizing that their subject is one of 
the most extensively documented chap¬ 
ters in the history of life, the authors 
present it as a vast and tasty banquet and, 
much to their credit, avoid serving up any 
thin generalities, Part 1, about 100 pages 
long, details the ages and occurrences of 
some 250 mammal faunas, including 
succinct statements of the new chrono¬ 
logical framework. Five maps show the 
key sites, as far south as northern Mexico. 
Twelve simple but graceful scenes, mainly 
by Margaret Lambert, evoke the lives of 
ice-age mammals, The accounts of these 
“faunas” (which strictly should have been 
“local faunas” or “localities”) vary greatly 
in length. Some are hardly worth the ef¬ 
fort, but most, such as Rancho La Brea 
(the tar pits) with two pages and a scene, 
are elegant summaries, Incidental infor¬ 
mation, e.g. the legend of the Indian 
maiden from Samwel Gave, enlivens these 
accounts. Some localities produce few 
mammal species (the Taber Child site 
produces only the Taber Child), while the 
largest produce about 50, Blancan sites 
average only 11 species; the mean from 
later sites is nearly 30, Each account in¬ 
cludes full references to the published 
literature. 

Part 2, some 250 pages in length, covers 
562 mammal species, most of which are 
extinct, Although many readers may not 
devour this section as they will Kurten’s 
new novel, it is meticulously and intelli¬ 
gently prepared. A brief characterization 
of each genus appears under the heading 
of its first species. Each species is diag¬ 
nosed succinctly but in essential technical 
detail, and its mode of life, evolution, and 
geography are discussed. Most of the 42 
mammalian families receive two or three 
line drawings neatly illustrating the key 
osteological features treated in the text, 
(The mustelidae get seven figures,) Nine 
maps indicate twelve of the most in¬ 
triguing species distributions, In discus¬ 
sions of relationships, the concepts of 
“ancestry” and “non-ancestry” are used 
freely. Some species are of dubious dis¬ 
tinction, e.g. Glyptotherium mexieanum, 

' for which the type is lost and the diagnosis 
, may be based on a pampathere skull 
fragment, but most are well substantiat¬ 
ed. Biological notes on related modern 
mammals are neatly introduced at ap¬ 
propriate points. 

The last pages of the text skillfully re¬ 
view but do not resolve the enigma of 
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Pleistocene extinctions. In addition, the 
reader is provided with an excellent bib¬ 
liography, a complete stratigraphic range 
chart, a list of terminal carbon dates, and 
four extensive indexes to the book’s con¬ 
tents and taxa. 

Kurten and Anderson deserve high 
praise for this remarkable achievement, 
Their book will be essential for students 
of mammalian paleontology, who will at 
last have at their fingertips reliable sum¬ 
maries of sites and species, supported by 
a full set of current references; they can 
even find out which collections to visit. 
This marvelous volume will also be in¬ 
valuable to scholars from related disci¬ 
plines, notably mammalogy and Quater¬ 
nary studies, as a source of orderly and 
authoritative summaries of an otherwise 
scattered (and unpublished) discipline, It 
is handsomely produced and essentially 
error free.— S. David Webb, Florida State 
Museum, Gainesville 


Mesozoic Mammals: The First Two- 
Thirds of Mammalian History. Jason 
A, Lillegraven, Zofia Kielan-Jaworow- 
ska, William A. Clemens, eds. 311 pp. 
University of California Press, 1979. 
$35 cloth, $9.75 paper. 

Reptiles dominated terrestrial ecosys¬ 
tems throughout the Mesozoic, giving way 
to mammals 65 million years ago at the 
beginning of the Cenozoic. Mammalian 
remains have long been known from the 
Mesozoic, but these are small, relatively 
rare, and usually overlooked in the quest 
for dinosaurs. However, anyone who still 
doubts the abundance, diversity, or evo¬ 
lutionary significance of Mesozoic mam¬ 
mals is in for a surprise in reading this 
book. As the title indicates, Mesozoic 
mammals represent the first two-thirds 
of mammalian history. During the past 20 
years, a wealth of new fossils documenting 
the Mesozoic history of mammals has 
been discovered on almost every conti¬ 
nent, and functional studies of living an¬ 
alogs have contributed to understanding 
the diet, locomotion, and life history of 
these extinct forms. 

This book attempts to review oil the 
modern literature of significance on the 
systematics and evolution of Mesozoic 
mammals. It started as a graduate semi¬ 
nar at the University of Wyoming, and 
several of the chapters were compiled by 
students working under Lillegraven’s di¬ 
rection. Of most general interest are an 
exhaustive survey of the stratigraphic and 
geographic distribution of Mesozoic 
mammals by Clemens, Lillegraven, 
Lindsay, and Simpson; chapters on the 
origin of mammals by Crompton and 
Jenkins, on Multituberculata by Clemens 
and Kielan-Jaworowska, on Marsupialia 
by Clemens, and on Eutheria by Kielan- 
Jaworowska, Bown, and Lillegraven (in¬ 
cluding, for the primatologist, the first 
illustration of a maxillary dentition of 
early Paleocene Purgatorius)-, and an 


essay on reproduction and life history 
strategies in mammals by Lillegraven. 

The book is a much-needed summary 
of information on all aspects of the early 
history of mammals; it is up-to-date and 
attractively produced. Attempting to use 
it as a text, I found many of the chapters 
too detailed and technical for a general 
course on mammalian evolution, but the 
volume is most appropriate for use in 
graduate seminars and is an invaluable 
reference.— Philip D. Gingerich, Muse¬ 
um of Paleontology, University of 
Michigan 


The Ecology and Conservation of 
Large African Mammals. S. K. El- 
tringham. 286 pp. University Park 
Press, 1979. $49.95. 

While intended to be appropriate for 
the interested layman, this book is aimed 
primarily at undergraduates in biology, 
particularly those at East African uni¬ 
versities from whose ranks the future 
managers of East Africa’s national parks 
will be recruited. This is a key audience, 
and the aim must be welcomed, as there 
are no general texts on African wildlife 
ecology and management. To fill this gap, 
Eltringham has compiled a clear and un¬ 
complicated summary of the subject from 
somewhat scattered sources. 

The book falls into two unequal parts: 
the first constitutes five-sixths of the 
volume and deals with the biology of large 
African mammals; the rest concerns 
conservation and management. The book 
is not intended as a state-of-the-art re¬ 
view, and the specialist reader might feel 
that the level of interpretation stops short 
of current thinking and that a more 
comprehensive and up-to-date bibliog¬ 
raphy would be desirable. The section on 
management is fair and unruffled, advo¬ 
cating careful but decisive intervention 
when events are clearly running contrary 
to,the park’s stated objectives. My main 
criticism (and it is a big one) is that the 
first section is much too heavily weighted 
in favor of social organization and con¬ 
tains almost nothing about soils and 
vegetation. The imbalance is even more 
apparent in,the second section, since most 
ecological management has to do with 
such factors rather than with animal be¬ 
havior. As a result, there is almost no 
connection between the two parts of the 
book, and the first part will do little to 
assist future managers in decision-mak¬ 
ing. However, the serious-minded tourist 
visiting Africa for the first time will find 
the book readable and instructive.— R, H. 
V. Bell, Department of National Parks 
and Wildlife, Kasungu, Malawi 


Galapagos: Islands Lost in Time. Tui De 
Roy Moore. A Studio Book. 71 pp. 
Viking Press, 1980. $25. 

Here is a “coffee-table” book which 
should be of special interest to naturalists. 


228 American Scientist, Volume ( 


Tui De Roy Moore has lived in the Gala¬ 
pagos since her childhood. She learned 
photography while a teenager arid pub¬ 
lished her first article at seventeen. What 
places her book above the other Galapa¬ 
gos photography books I have seen, and 
indeed ranks it among the best nature 
photography books published, is the 
combination of the special and the com¬ 
mon which gives us a rather comprehen¬ 
sive view of these unique islands. On one 
hand, we are presented with the tiny lav¬ 
ender flower Polygala, which, although it 
grows right along the trail at Punta Cor¬ 
morant on Floreana Island, is missed by 
most visitors. Then, at the other extreme, 
we can see an extraordinary confrontation 
between a flightless cormorant parent, and 
chick and a juvenile Galapagos hawk. 

The book contains nearly 300 photo¬ 
graphs and introduces us to the Galapagos 
landscapes, the impressive volcanic ge ¬ 
ology of the islands, the remarkable bird 
life (including 12 of the 13 species of 
Darwin’s finches), the vegetation of the 
various coastal arid and highland humid 
zones, and the predominantly reptilian 
land animal life. Every photograph is of 
excellent technical quality, and the Jap¬ 
anese color printing is first class. Many of 
the photographs give us extraordinary 
views of animals in their habitats. My only 
regret is that certain subjects, such ns fish 
and lichens, are not covered. 

While this is essentially a book of pho¬ 
tographs, there is an interesting personal 
text describing the islands, their history, 
and current conservation problems. 

If you have always heard about the 
special character of the Galapagos 
Islands, but never appreciated the actual 
reasons for this status, read this book, 
keeping in mind that many of the things 
Tui De Roy Moore presents in her pho¬ 
tographs can be seen by every visitor. It is 
a rugged, beautiful land, and this hook 
brings it forth very well indeed, liny- 
mond C. Murphy, Avionics, Canadian 
Marconi Company, Montreal 

The Role of Insectivorous Birds in 
Forest Ecosystems. James G. Dickson, 
Richard N. Conner, Robert R, Fleet, 
James C. Kroll, Jerome A, Jackson, eds. 
Proc. Symp., Nacogdoches, TX, 1978. 
381 pp. Academic Press, 1979, $31. 

This book is a collection of 18 papers 
originally given at a 1978 symposium, i 
They are presented without editorial 
comment, there is little evidence that- the 
authors were aware of each other’s con¬ 
tributions, references are given without 
titles, and no index is provided. The book 
is divided into four main sections: cen- 
susing birds, sampling prey populations, 
foraging strategies, and ecology, 

A comprehensive paper by Otvos re¬ 
views published accounts of the impact of 
forest birds on insect populations. Sur¬ 
prisingly, it appears near the end of the 
book, as it would have served better as a 


lead-off paper establishing the topics for 
subsequent discussion. However, this is of 
little consequence, because the majority 
of papers which precede it do not address 
the topic of the symposium. Subjects 
suggested by the title might include the 
role of insectivorous birds in insect con¬ 
trol, as distributors of seeds, as dispersal 
agents of insect pathogens, as agents in 
tree damage, and as agents of nutrient 
cycling. Of these topics, only the question 
of insect control is addressed, in the paper 
by Kroll and Fleet. 

Many of the papers discuss differences 
in foraging behaviors of sympatric species 
or strategies of individual species, Of 
these papers, only two present data on the 
identity of particular prey species in the 
diet, and none compares prey consump¬ 
tion with an estimate of prey availability. 
The relationship between specific forag¬ 
ing behaviors and differences in diet is 
addressed only by Pinkowski. In general, 
the question of avian control of insect 
populations is never rigorously addressed 
hut is implicitly assumed by many au¬ 
thors. 

Although many of the papers were not 
appropriate to the symposium topic, 
several contributions in addition to those 
mentioned above are of interest. Dahlsten 
and Cooper successfully manipulated 
avian predator densities and monitored 
their effect on a specific prey species; 
Jackson suggests the importance of sub¬ 
strate texture as a means of foraging 
separation; Anderson and colleagues use 
a novel approach to illustrate the signifi¬ 
cance of temporal as well as substrate 
separation in foraging of similar species; 
and'Gar ton presents theoretical argu¬ 
ments that optimal foraging by avian 
predators in patchy environments may 
stabilize the populations of some prey 
species. 

Despite these highlights,! cannot rec¬ 
ommend purchasing the book. Rather, I 
would suggest borrowing it from your li¬ 
brary and being selective in your read¬ 
ing.—/iarry R. Noon, Migratory Bird and 
Habitat Research Laboratory, US, Fish 
and Wildlife Service, Laurel, MD 

Ecology of Fresh Waters. Brian Moss. 
332 pp. Halated Press, 1980. $24.95 
paper. 

The plethora of recently published 
books dealing with limnology forces us to 
consider any newcomers with an increas¬ 
ingly critical eye. Moss provides a treat¬ 
ment of freshwater ecology that should be 
a welcome addition to the current crop of 
texts and treatises. His approach is not 
novel, focusing on the general question 
asked by most limnologists throughout 
this century: What determines the pro¬ 
ductivity of freshwaters? What I find re¬ 
freshing about this book are the scope and 
style. 

The author includes a good discussion 
of fish ecology and production, a topic 


generally neglected in limnology. His ex¬ 
amination of stream ecology and conser¬ 
vation of freshwater systems is also 
noteworthy. Much of the remainder of the 
book treats the traditional paddock of 
limnologists (e.g. light, heat, hydrome¬ 
chanics, nutrients, sediments, and pro¬ 
ductivity), and Moss conveys his points in 
a lucid, scholarly manner, The use of case 
histories provides an empirical dimension 
often abstracted out of conventional texts. 
Whereas many of his examples are taken 
from British and African studies, there is 
sufficient breadth to his selection that we 
can apply them universally to temperate 
and tropical systems. His treatment is up 
to date and well referenced. I heartily 
recommend this paperback volume to 
anyone wishing to explore the eternally 
fascinating realm of water.— Donald J, 
Hall, Zoology and Kellogg Biological 
Station, Michigan State University 

Deep-Sea Biology: Developments and 

Perspectives, N. B. Marshall. 566 pp. 

Garland STPM, 1979. $50. 

A thorough revision of Aspects of 
Deep-Sea Biology, published in 1954, this 
book is written explicitly for “all students 
of the oceans, both academic and other¬ 
wise.” By design, the treatment is a 
smorgasbord. As a taster-reviewer, I took 
full helpings of all the dishes but came 
away both bloated and unsatisfied. The 
menu is not quite what I had expected; 
“deep-sea” is synonymous with “open- 
ocean,” and fishes are prominent on all 
the platters. 

Marshall attempts to summarize vir¬ 
tually all the published work on open- 
ocean marine biology (from physiology to 
evolution) and biological oceanography at 
a detailed, technical level and comes as 
close as anyone could to success, In at¬ 
tempting to avoid the biased view poten¬ 
tially forced by an underlying theme, 
however, the text must rely on some 
means of dealing economically with the 
welter of available data. Unfortunately, 
the mechanism seems to be that of ad hoc 
“explanations,” which rarely take the 
form of rigorously testable hypotheses, In 
fact, many of the explanations verge on 
teleology (e.g. “clearly, the pattern must 
enable enough of the young to grow up in 
the right ecological surroundings,” p, 431), 
or even tautology (“evolutionary theory, 
as it should be, is very adaptable,” p. 


These problems, the highly technical 
terminology (including Latin names for 
organisms), and the general lack of focus 
make me reluctant to recommend the 
volume as an introductory text or as 
reading material for curious scientists 
outside the marine biology realm. Espe¬ 
cially troublesome for the uncritical 
novice will be occasional errors of fact (e.g, 
the statement that quill worms secrete 
calcareous tubes, p, 203) and more fre¬ 
quent assertions that are erroneous when 
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taken out of context (“at a depth of about 
200 metres all plant material has been 
oxidized back into mineral form,” p, 63). 

I find the coining of the term minifauna 
and its subsequent usage especially con- 
fuaing. 

The dangers are minor for experienced 
smorgasbord diners—ones, who know 
enough to take small portions until they 
encounter treats to match their tastes. 
Specialists on open-ocean nekton or zoo¬ 
plankton or on deep-sea benthos will be 
rewarded amply for reading selectively 
and critically. They may also find sections 
of the book useful as introductory grad¬ 
uate readings. It is a convenient, well- 
indexed, and handsomely illustrated 
volume for reference.—Peter A. Jumars, 
Oceanography, University of Wash¬ 
ington 

Decomposition in Terrestrial Eco¬ 
systems. M. J, Swift, 0, W. Heal, J, M. 
Anderson, Studies in Ecology, 5. 372 
pp. University of California Press, 1979. 
$48.50, 

This volume was written to provide a 
simple framework that allows the subject 
matter from a variety of disciplines to be 
integrated into a coherent set of concepts 
about.the ways in which decomposition 
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■useful in organizing my own thoughts 
about decomposition dynamics. The 
strategy of the book is to consider de- 
compowtmn at various levels of biological 
organization; from the "holistic" ecosys¬ 
tem level to the "reductionist” molecular 
level,. 

First, the importance of decomposition 
processes to ecosystem structure and 
function is established, and a series of 
concepts is set out. Then, extensive 
treatment is given to the major factors 
controlling decomposition dynamics: the 
composition of the community of organ¬ 
isms involved, the chemical and physical 
quality of the material undergoing de¬ 
composition, and the physicochemical 
environment in which decomposition oc¬ 
curs. Hie author provides much rich de¬ 
tail without losing sight of the central 
question: Do the data from intensive 
studies of specific decomposition pro- 
e®s«s support the general hypotheses 
about dynamics set out early in the text? 
In keeping with the integrative theme, the 
book doses with some very general 
statements about the major patterns of 
variation in decomposition processes on 
| a global scale. 

Several features of the book make it 
particularly useful for beginning Ph.D. 
students. The authors encourage critical 
thinking. Where necessary they point out 
inappropriate interpretations commonly 
given to certain types of data derived from 
decomposition studies. In an appendix 
devoted to the discussion of frequently 
used techniques, they stress the crucial 
point of selecting methods appropriate to 
the scale and aims of the research, The 
appendix includes a list of selected ref¬ 
erence that are recent and that provide 
a good introduction to the literature on 
research methods. The bibliography as¬ 
sociated with the main text is extensive 
and includes many citations from Euro- 
pw journals not routinely read in the 
witdStotw. 

® an excellent and unique 
wfitiM to the rapidly growing literature 
« decomposition in terrestrial ecosys¬ 
tem It excellence results from the au¬ 
tos’ scholarly management of the 
tatter, their careful organization, 
and their straightforward style; its uni- 
pews results from their holistic ap- 
P8teh to t topic that is often considered 
kTr of the special- 

^Ecosystem Cen- 
ter, Woods Hole, MA : < 


ogically viable approaches to production 
of food, management of renewable re¬ 
sources, and conservation of natural areas 
must be based in plant ecology. Students 
taking plant ecology courses will benefit 
from this text. Ecological concepts are 
integrated with field investigations to 
provide a synthesis that spans diverse 
areas and different levels of organization 
ranging from individual plants to popu¬ 
lations to primary procedures in ecosys¬ 
tems. Continuity is provided mainly by 
the paradigm of succession, however, and 
alternative hypotheses regarding the or¬ 
ganization of plant communities are not 
presented. For example, disturbances are 
considered as events reinitiating or pre¬ 
venting succession, not as agents of se¬ 
lection influencing evolution of plant 
populations. 

Initially, the authors present an over¬ 
view and brief history of plant ecology, the 
presentation of which, interestingly, 
seems to imply that major intellectual 
thought in the field began in the 1700s but 
ended in 1945 with the death of F. E. 
Clements. In the section dealing with the 


the authors have, creditably, extracted 
information pertinent to a basic knowl¬ 
edge of plant populations. While the 
strength of different chapters here is 
variable, the overall result, with minor 
exceptions (e.g. the use of concepts such 
as r- and K-selection with a framework of 
succession to discuss dynamic processes 
such as competition), should help stu¬ 
dents understand how plant populations 
behave in nature. Inclusion of a section 
dealing with environmental factors af¬ 
fecting plants is important in that there 
has been a trend away from teaching basic 
autecology of organisms, and some basic 
variables (e.g. fire) now recognized as 
important are given considerable atten¬ 
tion. This text should be useful in plant 
ecology courses.—- William J. Platt, 
Biology, Tall Timbers Research Station 
and Florida State University 


i secondary succession. They assert, on the 
• much-disputed authority of F. E. Cle- 
i ments, that “it is well known that the 
i whole is more than the sum of its parts.” 

, Taking Eugene Odum’s largely untested 
“trends to be expected” in succession as 
representative of those found in nature, 
Gutierrez and Fey construct a “dynamic 
hypothesis, a theory of how system be¬ 
havior results from its internal feedback 
structure.” In their “basic dynamic hy¬ 
pothesis,” incoming energy is incorpo¬ 
rated into community biomass and then 
divides into two positive feedback loops, 
one providing soluble inorganic nutrients 
to the resident biomass, the other in¬ 
creasing community diversity (number of 
species), which in turn increases "soil 
carrying capacity.” Soil carrying capacity, 
not including inorganic soil nutrients, 
turns out to be a function of space and is 
“induced” by species diversity to an ap¬ 
parent maximum “indicated” value. 
Other elements of the model are similarly 
unclear, or doubtful, representations of 
what happens in ecosystems. In keeping 
with their research methodology, the au¬ 
thors “revise the model until it is accept¬ 
able as a representation of the actual , 
system,” and the results of their simula¬ 
tions are described as “consonant" with 
those seen in nature. Empirical tests of 
the model, however, falter on the familiar 
ground that the ecological data available 
for testing are inadequate. 

The modeling methodology adopted by 
Gutierrez and Fey to create “the best 
model available” is the feedback dynam¬ 
ics of J. W. Forrester. A1976 publication, 

On Systems Analysis, by David Berlinski, 
casts serious doubt on the mathematical 
methods of Forrester and raises questions 
about the entire concept of systems 
theory, its pantheon of Von Bertalanffy, 
Klir, and Mesarovic, and the use of sys¬ 
tems analysis in the social and biological 
sciences. Others have questioned the 
theoretical merit of general systems 
theory and the utility of information 
systems or cybernetic concepts in biology. 


f 1 ? 1 Eco, °Sy* Michael G. 
Ww, Jack H. Burk, Wanna D. 
f itte, Series in the Life Sciences. 604 
$18,95 B efl iamin/ C ununi n gs, 1930 . 

of interactions 
ftcumng between plants and their envi- 
for appreciation of 
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Ecosystem Succession: A General Hy¬ 
pothesis and a Test Model of a Grass¬ 
land. Luis T. Gutierrez and Willard R. 
Fey. MIT Press/Wright-Allen Series in 
System Dynamics. 231 pp. MITPress 
1980.$25. 

(l The authors claim that this book 
contributes (for the first time) an endo¬ 
genic theory of secondary succession” and 
provides a model to test the theory. They 
come down on one side of a major meth¬ 
odological and philosophical split in 
ecology between those urging an ana¬ 
lytic-reductionist approach and those 
pressing for a holistic-organismic ap¬ 
proach. For the latter, systems analysis, 
with a bewildering variety of guises and 
terminology, provides the touchstone and 
a new paradigm for theoretical ecology. . 
I he authors briefly review concepts of 


is too difficult for “many ecologists to 
understand and apply.” What is needed 
is more impressive evidence that learning 
the new jargon and necessary mathe¬ 
matics is worth the effort. This book does 
not advance the cme.~Robert P, Me- 

Dame Bial ° Sy ’ Universit y °f Notre 

Biology and Systematics of Colonial 
Organisms. G. Larwood and B, R. 

“Santas«« 

d»plm en „ t01 t sel{isarecentiiin()>ii 

Lolomes; Development and, Function 
through Time (Halsted Press, 1973 ) was 

of e w 0 ? t eviden « that a group 
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interests shared such a common ground, defining the “essential and unique char- 
Responding to the American volume—in acteristics of forest hydrology” at the 
part simply a geographical response— upper-level undergraduate and intro- 
biologists in Europe and Britain held a ductory graduate level, In the first chap- 
symposium of their own in 1976. This ter (“The Hydrologic Perspective”) Lee 
book contains some of the papers pre- gives a concise but effective review of the 
sented at that symposium. Although development of hydrology as a science 
published some time after the meeting, and of the special hydrologic roles that 
the papers remain timely. have been attributed to forest lands. He 

The editors, recognizing the broad is careful to point out that some of these 
connotations of coloniality, have included roles (particularly the effects of forests in 
works which run the full range of possible enhancing precipitation) have turned out 
interpretation. B. R. Rosen’s Introduction to be spurious, but argues that forest hy- 
is a lucid discussion of the many defini- drology is a distinct interdisciplinary 
tions of coloniality. He points out that, to science that “recognizes the singular im- 
understand coloniality deductively and portance of forest cover influences on 
intuitively, biologists should consider hydrologic phenomena and related envi- 
botanical studies, especially the work of ronmental qualities.” 

J. L. Harper and his co-workers. Yet only The book differs in many ways—some 

in the final paper of this book is mention positive, some negative—from other hy- 
made of plants, and this, I think, is the drology texts, For example, the second 
major shortcoming of the symposium. In chapter (“Hydrologic Entities”) gives 
spite of the obvious exclusion of botanical concise but comprehensive coverage of 
examples, the taxonomic scope of the three diverse topics: properties of water 
book is broad. It includes 13 major taxa, substance (with many very useful tables), 
with provocative discussions of fungi, basic principles of water and energy bal- 
bacteria, mycobacteria^ and social insects, ances, and geomorphology of drainage 
Possibly the taxonomic spread is too basins. This provides a useful reference, 
great, for there are some papers in which because the material is compiled from 
the authors excuse themselves for pre- widely scattered sources and much of it is 
senting topics that have little to do with lacking in other texts. Pedagogically, 
colonial organisms. Certainly, such papers however, I feel it is preferable to treat the 
could have been omitted, last two topics when they naturally arise 

There are some fine reviews in this in the discussion of the hydrologic cycle, 
volume, which, though at times difficult The next chapters deal with the land 
going, bring together widely scattered phase of the hydrologic cycle in the tra- 
material, some of it original data of the ditional order: precipitation, interception, 
authors. The sometimes controversial infiltration, soil moisture, ground water, 
syntheses of these data are generally log- evapotranspiration, and water yield and 
ical and well put. streamflow. The strong points here and 

As reviews, many of these papers will be throughout are Lee’s clear writing style 
indispensable. As new ways of under- and his concise, consistent, and scientifi- 
standing old problems, papers such as cally sound treatment of most subjects, 
those of J. B. C, Jackson and L. W. Buss The discussion of evapotranspiration, 
(largely ecological) and of M, J. Orlove leading to the Penman-Monteith equa- 
and R. E, Howse on social insects are tion (which, unfortunately, is not identi- 
stimulating beginnings. Among the fied as such), is particularly good. In 
broader questions raised but generally not contrast to other texts, the concept of 
ta ken on are: Why are most colonial ani- potential evapotranspiration is critically 
mals aquatic? Why are the most highly examined, and it is difficult to argue with 
integrated animal colonies pelagic? But Lee’s conclusion that it cannot be pre- 
the most rewarding aspect of this book is cisely defined. The chapter on water 
the broad array of keen and pertinent quality, contributed by W, E. Sharpe and 
data which the authors draw upon. Many D. R. DeWalle, is also a well-done and 
of these data are inaccessible to the novice welcome addition, 
who is exploring the often complex liter- In spite of these attributes, Forest 
ature of, say, bryozoans. Hydrology has some important limits- 

In content and presentation this is a tions, Its principal weakness is the almost 
superb book, handsomely representing complete absence of a discussion of runoff 
the state of theart. It could nevertheless processes—none of the important work by 
have used some editorial pruning, even Dunne and Black and Freeze elucidating 
outright omission of some papers. The the variable-source-area concept is men- 
intended audience includes professional honed, It is also somewhat puzzling that 
ecologists, zoologists, botanists, and those snow hydrology is relegated to a brief 
simply interested in coloniality .—Richard section in the chapter on “Special Top- 
Grosberg, Biology, Yale University ics,” since one of the major hydrologic 
influences of forests is on snowmelt pro- 
.. ... " cesses. The discussion of infiltration ca- 

Porcst Hydrology. Richard Lee. 349 pp. pac ity during a storm suffers because it is 
Columbia University Press, 1980. $25. b ase( j on ^ Norton equation, which is 
In many ways this is an excellent book neither physically based nor empirically 
that thoughtfully fulfills its objective of useful. 


Because of these limitations and the 
lack of problems or exercises for the stu¬ 
dent, I find this book more suitable as a 
reference or supplementary text than as 
the main text in an upper-level hydrology 
course.—& Lawrence Dingman, Insti¬ 
tute of Natural and Environmental Re¬ 
sources, University of New Hampshire 


Vectors of Plant Pathogens. Kerry F. 

Harris and Karl Maramorosch, eds. 467 

pp, Academic Press, 1980. $48. 

This book succeeds in its objective of 
providing an up-to-date account of the 
interrelations of plant pathogens and 
various vectors, The third in a series of 
four books on this topic (the first con¬ 
cerned aphids and the second leafhop- 
pers), its 17 chapters span a range of ar¬ 
thropods, mites, nematodes, and fungi. 
Most of the authors are plant patholo¬ 
gists, and they come from several 
countries. 

Both the quality of writing and the 
standard of the contributions are mixed. 
My confidence in the editors was shaken 
by a statement on page 137 implying that 
this book is the record of a conference. 
Two chapters on Psyllids, or jumping 
plant lice, and Membracids, treehoppers, 
are so short (3 and 2 pages of text, re¬ 
spectively) that they would have been 
better combined with the first chapter, 
which itself is little more than a com¬ 
mercial for the first two books in the se¬ 
ries. 

These criticisms aside, there is a wealth 
of useful information to be found here. 
For example, in the chapter on insect 
transmission of bacterial pathogens, a 
table covering 49 pages is the most concise 
yet exhaustive survey of bacterial plant 
pathogens—arthropod associations—I 
have seen, Except for two chapters on 
insect transmission of fungal pathogens, 
one on Dutch elm disease and the other a 
general survey, the book is concerned with 
virus disease vectors which include mites, 
nematodes, and fungi, 

Cursory inspection by a plant pathol¬ 
ogist gives the impression that this is an 
entomology text, while some entomolog¬ 
ists may have comparable misgivings in 
the other direction. However, examina¬ 
tion reveals that this book will be an im¬ 
portant milestone for students and re¬ 
searchers in the often neglected border¬ 
land between these two major disci¬ 
plines.—Peter R, Day, Plant Breeding 
Institute, Cambridge, UK 


The Theory of Plant Breeding. 0. 

Mayo. 293 pp. Oxford University Press, 

1980. $69. 

“Whoever could make two ears of com, 
or two blades of grass, to grow upon a spot 
of ground, where only one grew before, 
would deserve better of mankind... than 
the whole race of politicians put togeth- 
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This appeal in the king of Brobding- 
hmj/ init i:i!es and st'ls the tone of this 
!v>iik. We are confronted by Brobding- 
nagian expedfitions, shown our Lillipu- 
tian liiieiits. and finally given a glimpse of 
the land of the Huuyhnhnms! 

This hook consolidates much of the 
widely disseminated literature relating to 
quantitative plant-breeding theory and 
application. Its appeal is to the profes¬ 
sional breeder-geneticist seeking a well- 

... appraisal of current thought 

ami a fresh perspective in resolving 
quantitative problems. The author draws 
heavily from the current literature and 
freely offers his personal insights and 
commentary. 

At the heart of all quantitative treat¬ 
ments of genetic problems lie models and 
their attendant assumptions. It is appro¬ 
priate then t hat the author takes pains to 
reconcile theory with observation. Prob¬ 
lems so examined include the relative ef¬ 
fectiveness of early generation selection 
and the relative efficiencies of pedigree, 
single-seed descent, and bulk-selection 
methods of breeding. A particularly re¬ 
vealing analysis concerns the ability of the 
diallel test to assess correctly the nature 
and interactions of known genes by direct 
measurement of gene products. Fortu¬ 
nately, controversy in the literature is not 
neglected. Disagreements concerning 
diallel interpretation, effective factor es¬ 
timation, and multiplicative interactions 
in het erosis represent a few of many that 
are thoughtfully analyzed. 

Throughout the book Mayo expresses 
a progressive outlook toward plant 
breeding. A recurring theme is the ne¬ 
cessity to define precisely the basic ele¬ 
ments underlying complex physiological 
processes. The author encourages the use 
ol more sensitive methods for detecting 
genotype-environment interactions. He 
also proposes that interplant competitive 

effects be more thoroughly defined, since 
their consequences upon selection are 
often very significant. And he looks 
toward the day when the techniques of 
somatic cell genetics and molecular biol¬ 
ogy will become integrated into existing 
breeding structures. He notes, however, 
that "the bridge between molecular biol¬ 
ogy and quantitative genetics is still under 
construction.” 

, J’hi* is a direct and clear exposition. We 
highly recommend it to geneticists and 
their associates in allied disciplines,— 
John P. Humperger and Peter S. Carl- 
i on > WP. and Sail Sciences, Michigan 
State University 

Irrigation and Agricultural Develop- 
ment. S. S. Johl, ed, 370 pp. Pergamon 
Press, 1980, $50. 

The 26 research papers published here 
were delivered and discussed at a meeting 
organized by the United Nations Eco- 
nomic Commission for Westem Asia 
!U « A > “anally made up of the twelve 

232 American Scientist, Volume 69 


Arab countries lying east of the Suez 
Canal) in cooperation with the Founda¬ 
tion for Scientific Research of Iraq, and 
held in Baghdad, Iraq, in 1979. According 
to the organizers, “A major challenge 
facing the governments of the ECWA 
countries during the coming decade lies in 
countervailing the poor performance of 
their agricultural sector. This challenge 
can he met only through accelerated de¬ 
velopment of irrigated agriculture, which 
would require appropriate management 
of the sector involving more efficient use 
of land and water resources.” 

The book should be helpful in pro¬ 
moting that course, although the infor¬ 
mation given is one-sided because of the 
omission of highly relevant irrigation re¬ 
search by Israelis. Six of the papers stress 
the important socioeconomic and envi¬ 
ronmental aspects of irrigation projects 
and point out that it is often the cultural 
pattern of a country that determines 
whether agriculture will be able to adjust 
to a new technology. 

The papers on irrigation systems, water 
use efficiency, and yield response mostly 
describe specific experiences from the 
region and do not attempt to represent 
the state of the art. Case studies reporting 
projects in Iraq, the Arab Republic of 
Egypt, Kuwait, and Saudi Arabia are 
important for the student of agriculture 
in these countries. They partly explain the 
condition of insufficient plant production 
described in the first paper on “Irrigated 
Agricultural Development in the ECWA 
Region” as being due to inadequate 
standards of water management. 

It would be a blessing for the whole 
population of the region if the economic 
wealth accumulated by the oil-rich Arab 
countries could be combined with the 
wealth of knowledge on irrigation accu¬ 
mulated by all countries in Western Asia 
to make the desert bloom .—Herbert Z. 
Enoch, Soil and Water Institute , The 
Volcani Center, Israel 


but at times this is carried to a fault, e.g- 
feather-like leaves is not an adequate 
substitute for pinnately compound 
leaves.—Graeme P.Berlyn, Forestry and 
Environmental Studies, Yale Unioer- 


The Complete Trees of North Ameri¬ 
ca: Field Guide and Natural History. 
Thomas S. Elias. 948 pp. Van Nostrand 
Reinhold, 1980. $19.95. 

Trees are a source of beauty and inter¬ 
est as well as utility in human life and 
consequently there exists a multitude of 
tree books for the nonscientist, Elias has 
written what is probably the most com¬ 
prehensive field identification guide for 
North American trees. The book includes 
range maps and a smattering of natural 
history, covering 652 native trees and over 
100 introduced species. Both common and 
scientific names are provided for families 
and species. The quality of the. book 
would have been enhanced if more had 
been done with the pines of northern 
Mexico, but overall this is an excellent 
addition to the literature and is highly 
recommended. The author is to be com¬ 
plimented on avoiding technical terms, 


The Recombinant DNA Debate. David 

A. Jackson and Stephen P. Stich, edfi. 

385 pp. Prentice-Hall, 1979. $19.95. 

Although this book is barely two years 
old, it is already of only historical interest, 
and limited historical interest at that, It 
is an attempt to examine, from the view-, 
point of a variety of disciplines, the con- 
tentious debate over the wisdom and 
safety of pursuing biological research 
using methods which have become known 
as the recombinant DNA technique. 
Rather than being a cool examination of 
the polemic over recombinant DNA, this 
book belongs to the polemic itself, 

The introductory essay, which is sup¬ 
posed to provide a “case study” of the 
debate at the University of Michigan (the 
episode which spawned the book), is de¬ 
ficient in useful historical detail, like the 
names of the principal actors, who are 
referred to only as "the historian,” "the 
sociologist,” etc. Several chapters then are 
devoted to providing scientific "back¬ 
ground,” although not always without 
partisanship. The field has moved so 
swiftly that the specifics of many of the 
arguments addressed here are already 
irrelevant. Much is made, for example, of 
the safety provided by the "enfeebled” 
host organism E.coli K12, strain chi 1776, 
Under recent revision of the regulations 
that govern researchers who use recom¬ 
binant DNA techniques, there is little 
need to use this form of biological con¬ 
tainment any more. Many of the following 
essays on the legal, ethical, and social 
questions raised in the course of the de¬ 
bate have been printed elsewhere, Carl 
Cohen’s lengthy Afterword, which is po¬ 
sitioned as if to give an objective appraisal 
of the debate, is actually a one-sided at¬ 
tack on the critics of recombinant DNA 
research. While trenchant overall, it fails 
to apply the same standards to the argu¬ 
ments of those who defended the work. ; 
This gives the. whole book the appearance 
of bias. While some of it makes interesting 
reading (such as the article on journalistic 
response), there is a great deal that is 
neither very new nor very valuable, given C 
the current state of the field,-M 
Ozonoff Environmental Health, Boston 
University School of Medicine 


Developmental Biology of Prokar¬ 
yotes J. H. Parish, ed. Studies in Mi- 

crobidogy 1. 297 pp. University of 
California Press, 1979. $48.50. 

There is a clear need for a textbookof 
prokaryotic development. Although it is 


a subfield of a subfield, transcended by compilation of data. A text should have a 
microbial development and develop- clear point of view. It should have a syn- 
mental biology in general, prokaryotic thetic quality about it, Ideas, principles, 
development has evolved a characteristic generalizations should emerge, Questions 
set of problems and approaches. While and approaches should crystallize. In this 
these are not always unique, they are sense, Developmental Biology ofProka- 
often more sharply focused in prokaryotic ryotes fails .—Martin Dworkin, Micro¬ 
systems, The ability to begin to frame biology, University of Minnesota Medical 
these problems in molecular genetics and School 
biochemical approaches has generated a 
real sense of excitement and anticipation 

in the field. Whether the concern is with Gene Expression, Vol. 2: Eucaryotic 
spore morphogenesis in Bacillus, tem- Chromosomes, 2nd ed. Benjamin 
poral and spatial differentiation in Cau- - Jjg®* J 160 PP' Wiley-Interscience, 
lobacter, cell interaction, communication 

and cooperative behavior in myxobae- This is a terrific book. Terrific, in fact, 
teria, or patterning in cyanobacteria, in both senses of the word: wonderful, 
collectively they constitute a subject because it gracefully and satisfyingly fills 
matter. a profound gap in the scientific literature, 

All the more disappointing that the and intimidating, s& well, because the 
first text to address itself to the subject author combines such a marvelous ex- 
not only falls short of the mark, but is pository gift with an equal mastery over 
aimed in the wrong direction. This book, the vast expanse of contemporary bio¬ 
like symposia on the subject of microbial chemical research. The second edition of 
development, is strictly organism-ori- Gene Expression , by the founder and 
ented, with an array of virtuosi doing their editor of the journal Cell, is very ambi- 
thing with their organisms. The issues are tious and succeeds in every possible way. 
never focused on, if even touched. What The book is equally suitable as a reference 
is the interaction between the environ- volume for active scientists seeking in-, 
ment and the life cycle? How is the envi- spiration or reeducation and as a text for 
ronmental signal transduced into devel- graduate students and advanced under- 
opmental change? How can one describe graduates interested in understanding 
shape change in chemical terms? What how the traditionally separate disciplines 
sorts of developmental signals are ex- of cell biology, biochemistry, molecular 
changed between cells? How are they biology, and genetics are currently fusing 
synthesized, regulated, perceived, trans- into one infinitely richer indissociable 
duced? How is the temporal and spatial whole. 

organization of developmental events Lewin first takes us on a grand tour of 
regulated at a molecular level? How can the subcellular architecture (role of the 
one use prokaryotic genetics, including cytoskeleton and nucleoskeleton in mei- 
recombinant DNA technology, to inves- osis, mitosis, and the cell-division cycle); 
tigate development? These sorts of next we examine the structure of chro- 
questions are simply not touched on in mosomes and chromatin in more detail 
any pedagogically systematic way. Thus, (euchromatin and heterochromatin, 
the book is less a textbook than a collec- nucleosomes, histones, and nonhistone 
tion of rather interesting (and in many chromosomal proteins); thereafter we 
cases exciting) descriptions of various zoom in at even higher resolution on the 
systems for asking developmental ques- organization of the DNA sequences 
tions. As in many other collections, the themselves (repetitive, satellite, and 
chapters vary In approach, quality, and nonrepetitive DNA, with an aside on or- 
relevance to the subject, They cover all ganelle genomes); and finally, we take a 
the major systems currently being inves- look at the genomic organization of sev- 
tigated by developmental microbiologists eral selected gene families (for example, 
as well as some of the minor ones, Thus, tRNA, ribosomal RNA, globins, and his- 
Bacillus endospores, streptomyces, cy- tones) as well as the transcription of DNA 
anobacteria, prosthecate bacteria, myx- into heterogeneous nuclear RNA and the 
obacteria, Arthrobacter, Bdellovibrio, processing of nuclear RNA into mature 
and E. coli are covered. In almost every cytoplasmic species such as mRNA, ri- 
case the. chapters are written as review bosomal RNA, and tRNA. Each section 
articles rather than as textbook chap- and subsection of the book opens with an 
ters. incisive introduction framing the major 

The concluding chapter (by the editor) questions and hinting at likely directions 
asserts that the book is essentially a for future research. The text itself sum- 
biology text and a compilation of detailed marizes and interprets the entire relevant 
data on developing organisms. “The value literature in a manner that is at once as 
of a compilation such as this book ought apparently effortless as it is encyclopedic, 
to be that the reader is able to draw an- The bibliography is extensive and essen- 
alogies and see if any ground rules emerge, tially complete. 

The authors believe that this synthesis of Lewin’s expository strategy of moving 

knowledge is an activity that the readers from the cytoskeleton to the nucleotide 
can most valuably perform individually.” pair works admirably, because each cel- 
But a student is entitled to more than a lular process is carefully nested between 
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higher and lower levels of cellular orga¬ 
nization: thus the book itself reproduces 
the interlocking hierarchy of a living cell, 
With a little bit of luck, we will be treated 
perhaps in ten years’ time to a still larger 
third edition in which the classic problems 
of cellular interaction and morphogenesis 
can be meaningfully disciissed at the 
molecular level both as determinants and 
reflections of gene expression .—Alan M, 
Weiner, Molecular Biophysics and Bio¬ 
chemistry, Yale University 


Transfer of Cell Constituents into 
Eukaryotic Cells. J. E. Celis, A. 
Graessmann, A. Loyter, eds. NATO 
Advanced Study Institutes, Series A: 
Life Sciences, 31.443 pp. Plenum, 1980. 
$ 45 .' /, . 


The purpose of this book, the pro¬ 
ceedings of a NATO Advanced Study 
Institute, is to describe the available 
techniques for introducing macromole¬ 
cules into eukaryotic cells and to suggest 
avenues of research. It is composed of 18 
chapters divided among seven subjects. 
All subjects are not treated equally, 
though in all fairness to the editors, the 
space allocated to the various topics di¬ 
rectly reflects the amount of work going 
on in each field at the time the meeting:) 
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was held in 1979. The chapters are some- infancy, magnesium deficiency in car- 

what uneven and reflect in part the con- diovascular disease, skeletal and renal 

tributors’ attitudes concerning the effects of magnesium defic 
meeting. In some instances extensive ex- effects of calcium and phot 
perimental detail is given, whereas in py on magnesium balance, 
others the authors discuss the various Epidemiologists will fii 


lently brought together and cogently re¬ 
viewed. In the first section, the authors 


effects of magnesium deficiency, and the deal with adverse effects on health of toxic 
effects of calcium and phosphorus thera- environments produced by poisoning of 

py on magnesium balance. air, water, food, and the workplace. The 

Epidemiologists will find useful the approach is global and the ecology ex¬ 


methodologies in the context of future data relating magnesium deficiency to plained. The second and longest part of 
research goals. coronary heart disease in adults (and in the book deals with the adverse effects 


research goals. coronary heart disease m adults (and in 

The first section on microinjection of children and infants). Workers in human 
somatic cells describes the utility of the and population nutrition will appreciate 


system for introducing a variety of mac- 
romolecular components as diverse as relative to calcium and phosphorus and the nature of the solutions needs to lit 

mRNAs, DNA fragments, and ATC U- on the interactions between magnesium brought out and isn’t. Water reuse is the 

proteins. These experiments open the and the D vitamins. Of course, cardiolo- model for solutions and is hardly a suffi- 

door to future research on the expression gists and pediatric cardiologists will find cient one, by reason of economic factors 

of endogenous and exogenous genetic in- much of interest in nearly half of this that vary from field to field and place to 

formation in somatic cells. Other sections book, and specialists concerned with renal place in the toxic environments. The legal 

explore the utility of red cell ghost and function and chronic renal disease will chapter is just that—no application!), 

liposome-mediated transfer for the same find major sections of interest. simply an exposition of the lawyers’ point 

purposes. The later chapters cover the To give some numbers, 78 pages are of view. And the legislative chapter avoids 


children and infants). Workers in human themselves, and the third section with 
and population nutrition will appreciate solutions. This is by far the weakest sec- 
data on changing intakes of magnesium tion, since it is here that the complexity of 


purposes. The later chapters cover the 


simply an exposition of the lawyers’point 
of view. And the legislative chapter avoids 


newly introduced gene transfer tech- devoted to references (approximately coming to grips with interest group ac 

nologies and their use in mammalian cells 2,300), which are updated to early 1980. tivity, political philosophy in America, nr 

as a method of exploring eukaryotic gene There are 17 pages of tables devoted to the nature of corporate life in the world 

structure and function. Since the meeting infantile ischemic heart disease and sev- today. It tantalizes without satisfying. Air 

took place there has been an explosion of eral pages of tables on “normal” serum pollution, also discussed in the volume, 

information on gene transfer and the fate plasma magnesium levels. Though clini- an important environmental issue, but it 

of transforming DNA, which supports the cally oriented, this is by no means a is neither the epitome of the problem 


cally oriented, this is by no means a is neither the epitome of the problem 
timeliness .of this conference. The final “clinical” book; rather, it is one for the faced in trying to rid the environment «i 
chapters discuss the use of xenopus oo- biomedical community, including those its toxicity and make the work! safe fur 

cytes as in vitro factories for studying concerned with calcification mechanisms, human beings nor the only one. 

coupled transcription and translation and cardiac function, renal function and diet, This is a good text for the uninitiated 
the use of acetabularia as a.plant host, nutrition and disease, and, of course, both and a useful reference for those with 

The articles are both highly informative juvenile and adult osteoporosis.— Stanley special interests in the environment 

and useful to the novice interested in M, Gam, Center for Human Growth and hazard.— George A. Silver, Epidemiology 

applying this technology. This is a useful Development, University of Michigan and Public Health, Yale Uniumit 

book for departmental and university li- School of Medicine .' 

braries to acquire, as it represents a 

comprehensive source for a variety of Environment and Health. Norman M. 


techniques,—Saul J. Silverstein , Mi¬ 
crobiology, Columbia University College 
of Physicians and Surgeons 


Trieff, ed. 652 pp. Ann Arbor Science, 
1980. $39.95. 


International Review of Neurobiolo- 
gy, Vol. 21. J. R. Smythies and K, J, 
Bradley, eds. 417 pp. Academic Press, 
• 1979. $39. 


This is an excellent text and reference Hadley, eds. 417 pp. Academic Press, 

for the reader looking for information 1979. $39. 

agnesium Deficiency in the Patho- J' lth , out to ° much interpretation. Trieff Eight review articles, written by experts 
genesis of Disease: Early Roots of a ® brougM together a galax V of experts in their fields, reflect the diversity of re- 
Cardiovascular, Skeletal, and Renal ln ,7 ie vanous aspects of environmental cent research developments in neuro- 
Abnormalities. Mildred S, Seelig. t° write chapters from their biology, ranging from molecular niechu- 

Topics in Bone and Mineral Disorders. spec ‘ allzed ™ edge ' The book is almost nisms to behavioral and clinical iilit- 
488 pp. Plenum, 1980. $39.50. wholly concerned with description, and it noraena. Yet the common theme is a 

s ( z:z k “, importa ” t s^ answerai ” te “" f '—■ 

IWA nf motor _-• major can be avoided, but to a very considerable AmoSathe tonics 


Magnesium Deficiency in the Patho- 


fraction of the earth’s crust, 


nomena. Yet the common theme is a 
search for answers in terms of basic neu¬ 
roscience. 




Among the topics covered, two focus on 


v“:t:; andphosph r f s ' : 

considered—he explores not only what is 


ate 


■ t . ls tarclive dyskinesia; the other considers 
3 in dopamine systems as components of 


ciency states in man and other animalsj tardive dyskinesia; the other eonsirii, 

magnesium is exceptionally important in management AnoLr lntL?? dopamine^ systems as components of 
the perinatal period, and there are reasons radiation and nuclear power in the mn g self ' stlmulat,on behavior and simulta- 
to link magnesium to coronary heart dis- text of the dangers involved minimi y eXp0Se8 the difficultieH in inter- 

stfisa a*-« 

including a tabulation of magnesium- cent effort onthe nlt ? he f' from application to the brain stem ore- 

containing foods. Of these, Brazil nuts, example to restrict iobs to thn^ % °+ Sented;m the other hand, investigate 

peanuts, whole grains, and a few seafoods “spedal risk” has ^ T ^nune the pitfalls of idntophoretic and 

winkles,whelks, conch, and shrimp) may binding 8tudies whe " ™edford' n fi 

—r “ “ d de8e ™ of amino acid receptora! The vol- 

reasonable - size. Subsequent sections However it is fair m u, + * . ume a* 30 contains an overview of glia with 
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functions of the mature brain. Western 
readers are offered a view of Soviet re¬ 
search on Cetacea; the emphasis here is on 
the large amount and scope of research 
activity, including neuroanatomy, brain 
function, and social behavior, primarily 
using dolphins. Another article elucidates 
the molecular properties of gramicidin A 
as model for ion-selective membrane 
channels. Still another critically reviews 
each sequential step implicated in 
presynaptic inhibition, including poten¬ 
tials, transmitters, and ionic mecha¬ 
nisms. 

The volume as a whole not only extracts 
recent developments from a vast amount 
of literature hut also captures the excite¬ 
ment inherent in the process of proposing 
and challenging ideas. It should be in¬ 
valuable to anyone seriously interested in 
keeping abreast of developments in neu¬ 
roscience.— Maria A . Biedimbach, 
Physiology, University of Texas Health 
Science Center , San Antonio 


Neurotransmitters, Receptors and 
Drug Action. Walter B. Essman, ed. 
Monographs in Modern Neurobiology. 
209 pp. SP Medical & Scientific Books, 
1980. $35. 

This volume reviews "current research" 
on CNS nicotinic ACh, noradrenaline, 
dopamine, serotonin, GABA, and hista¬ 
mine receptor function. Unfortunately, 
although the book provides competent 
reviews of the literature through 1978, 
receptor research has marched on re¬ 
lentlessly and greatly reduced the vol¬ 
ume’s current value. Thus, topics such as 
multiple serotonin, benzodiazepine, and 
dopamine receptors are barely touched 
on, while GABA modulin or the up-and- 
down regulation of catecholamine recep¬ 
tor*? involved in action of antidepressant 
drugs go unmentioned. The authors could 
certainly have tackled these subjects ef¬ 
fectively--but the rapid progress of re¬ 
search in these areas does not wait for 
publishers’ deadlines.— Ian Creese, 
Nmrmdmces, University of California, 
San Diego, School of Medicine 


The Laboratory Rat, Henry J. Baker, J. 
Russell Lindsey, Steven H. Weisbroth, 
eds. Vol. 1: Biology and Diseases. 435 
pp. 1979. Vol. 2; Research Applications, 
276 pp. 1980. Academic Press. $52,50 
each. 

These volumes are necessary and 
valuable for anyone working with rats. 
They will inform the rat producer and 
caretaker as well as the rat user. They are 
essential for the student, the animal 
technician, and the neophyte research 
investigator, but also worthwhile for the 
more experienced investigator. Every 
aspect of husbandry and biology is cov¬ 
ered to furnish a basis for good research 
practice in proper animal care and pro¬ 


tocol development to assist in obtaining 
meaningful results from investigation. 
Each chapter has an excellent, very com¬ 
plete reference section that can lead the 
investigator to further details if desired. 

A history of the development of the rat 
as a laboratory animal is provided for 
those who might have assumed that the 
white rat was always with us. This will be 
much appreciated by those who value 
their “roots." The volumes have all the 
basic features needed in a reference work 
to provide information now and also a 
base for future editions. Before the next 
edition, however, the authors will be able 
to read the other contributions with 
benefit to all. Presumably, the section on 
“Special Sense Organs” will include the 
ear as well as the eye. 

The emphasis on spontaneous diseases 
will be welcomed by all who attempt to 
evaluate the results of research studies, 
especially in the study of the safety of 
drugs and chemicals. Even though the 
laboratory rat is perceived as a relatively 
safe animal to handle, there are potential 
hazards, and a chapter is included to in¬ 
form the handler and to motivate him to 
work safely. The American College of 
Laboratory Animal Medicine is to be 
commended for seeing their responsibility 
and opportunity and for developing these 
two volumes on the rat as well as the ear¬ 
lier Biology of the Laboratory Rabbit and 
Biology of the Guinea Pig—Ernest S. 
Feenstra, Pathology and Toxicology 
Research and Research Animal Services , 
The Upjohn Company, MI 

Nutrition in Health and Disease. 

Myron Winick, 261 pp. Wiley-Inter- 

acience, 1980. $18.95. 

This relatively small book follows a 
required nutrition course taught at Co¬ 
lumbia University College of Physicians 
and Surgeons for first-year medical and 
dental students. Of the four parts—nu¬ 
trition during the life cycle, nutrient de¬ 
ficiencies, nutrient excess, and use of diets 
in prevention and treatment—the great¬ 
est amount of space (35%) is given to nu¬ 
trient deficiencies, perhaps because the 
emphasis is on clinical nutrition, Some 
controversial subjects are covered, and the 
author shares his personal views with the 
audience. 

Although the basic material is generally 
appropriate for the nonspecialized med¬ 
ical student, I was somewhat disappoint¬ 
ed, partly because most of the 250 refer¬ 
ences listed as recommended reading 
antedate 1976. This is unfortunate con¬ 
sidering the level of activity in nutrition 
research and the articles, books, and 
monographs on human nutrition that 
have appeared in the past five years, As a 
pediatric nutritionist, I was disappointed 
that Winick focused on infant feeding 
rather than infant nutrition. 

A number of factual errors detract from 
the overall quality of the book, although 


they are not critically important for the 
intended audience. For example, the 
statement is made that the most up-to- 
date height and weight curves for infants 
are those derived from the recent HANES 
study. In actuality, the curves covering 
the first two years on the new NCHS 
growth charts were derived from the lon¬ 
gitudinal growth study conducted at Fels 
Research Institute. It is incorrect to cite 
the TSNS triceps skinfold percentiles as 
being “normal skinfold thickness,” and 
when discussing "recommended level (40 
mg/day)” of vitamin C, the author fails to 
acknowledge that the 1980 RDA for the 
adult is 60 mg/day.— George M, Owen, 
Human Nutrition Program, University 
of Michigan School of Public Health 


Behavioral Sciences 

Traces of the Past: A Field Guide to In¬ 
dustrial Archaeology. David Weitzman. 

229 pp, Scribner’s, 1980, $17.95. 

The physical remains of our industrial 
past are usually regarded as quite ugly, 
reminders of a grim aspect of our heritage 
that is better forgotten. In addition to the 
natural attrition of disused sites, much 
has been swept away by urban renewal 
and more lost through the continued re¬ 
building of industrial equipment that is 
a natural part of evolving technology, The 
first industrial sites to be preserved and 
interpreted have been ancient rural in¬ 
dustries, such as the Hopewell (Pennsyl¬ 
vania) and Saugus (Massachusetts) iron 
works, which have been rebuilt as park¬ 
like, open-air museums. Industrial ar¬ 
chaeology, the study of the physical re¬ 
mains of industry, is usually said to have 
originated in the effort to preserve the 
facade of Euston Station, London, in 
1962. 

Although the initial interest in indus¬ 
trial archaeology was antiquarian- and 
preservation-oriented, a broader intel¬ 
lectual base has evolved in the past 16 
years. In England, both professional 
scholars and gifted amateurs contribute 
to the discipline, and an abundant liter¬ 
ature was developed. Industrial ar¬ 
chaeology is concerned todaj/with the 
interpretation of industrial sites in their 
social and economic context, The physical 
evidence uncovered and interpreted by 
the industrial archaeologist is often the 
only evidence we have about large seg-, 
ments of industrial society, particularly 
the workers who left no written records 
about their lives. The scope and objectives 
of industrial archaeology are well de¬ 
scribed in Neil Cosson’s Introduction to 
Keith Falconer’s recently published 
Guide to England’s Industrial Heritage 
(London: B, T. Batsford, 1980). 

Industrial archaeology in the United 
States today has attained about the level 
of development reached in England 15 
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years ago. There is only a limited litera¬ 
ture, and relatively few sites have been 
studied in depth. Yet, interest in indus¬ 
trial history is on the rise, as is demon¬ 
strated by the establishment of an urban 
National Park in the old New England 
textile city of Lowell. Weitzman’s book is 
aimed at stimulating this interest. It 
shows how much can be read from com¬ 
monplace industrial scenes by the careful 
observer. This is done by presenting four 
subjects Tor study by way of illustra¬ 
tion-railroad rights-of-way, truss 
bridges, iron-smelting blast furnaces, and 
oil wells. The types of artifacts likely to be 
found are described, and the author ex¬ 
plains how they related to their parent 
industries, This makes for a short, easy- 
. to-read book, However, the subtitle is “A 
Field Guide to Industrial Archaeology,” 
and it is a very incomplete guide, A field 
guide should certainly deal with such 
important topics as the location of sites by 
grid coordinates, their proper description 
and measurement, and the various 
sources of information that the investi¬ 
gator-amateur or professional-may 
use. None of this is included, or even al¬ 
luded to, in this book. The text lacks ref¬ 
erences, and the very short and incom¬ 
plete bibliography offers but little guid¬ 
ance as to where to find more information. 
Technical terms are often used without 
explanation. A more serious difficulty is 
the author’s misinterpretation of his 
sources. For example, the discussion of 
the stiickofen (p. 164) follows Frederick 
Overman’s Manufacture of Iron in All Its 
Various Branches (Philadelphia: Henry 
C, Baird, 1851) closely, but implies that 
this type of furnace was used in America; 
Overman is clear that he is describing a 
fourteenth-century iron smelting furnace 
used in central Europe. 

Many excellent texts on industrial ar¬ 
chaeology have been published in Great 
Britain. Much of the material they con¬ 
tain is as applicable to the United States 
as it is to the British Isles, and books of 
comparable quality are much needed in 
this country ,-Robert B, Gordon , Geol¬ 
ogy and Geophysics, Yale University 


Adaptive Radiations in Prehistoric 
Panama. Olga F. Linares and Anthony 
J. Ranere, eds, Peabody Museum 
Monographs, 5, 530 pp. Cambridge, 
MA: Peabody Museum of Archaeology 
and Ethnology, Harvard University, 
1980.820 paper. 

This volume reports the results of ten 
years of archaeological, ethnographic, and 
ecological research in a tiny region of 
Western Panama which spans the high¬ 
lands and the contrasting Atlantic and 
Pacific coasts. Half the book consists of 
chapters describing prehistoric and recent 
cultural adaptations and comparing 
contemporaneous cultures in the three 
environmental zones. The second half of 


the book features archaeological and 
ethnographic reports that are cited in the 
first part of the text. This arrangement 
makes the evidence available to the reader 
while the readability of the interpretative 
chapters is maintained, 

The editors have employed the idea of 
an adaptive radiation in order to illumi¬ 
nate the process of cultural change in the 
study area over some 7,000 years, The 
early archaeological evidence does not fit 
the mode] convincingly, While the con¬ 
ditions for an adaptive radiation are al¬ 
most perfect in Western Panama, where 
distinct ecological zones exist in close 
proximity, the case for a cultural radiation 
depends on the assumption of ethnic 
continuity throughout prehistory. The 
continuity of peoples in Western Panama 
is not clearly supported across the tran¬ 
sition between the preceramic and ce¬ 
ramic stages when there is an archaeolo¬ 
gical hiatus, and similarly the case for the 
common origin of the peoples of the two 
coastal zones in the later ceramic period 
is not strong. The radiation model does fit 
the ethnographic situation well, since 
people of the same language group in¬ 
habiting neighboring but distinct eco¬ 
logical zones have divergent cultural sys¬ 
tems. While Linares and Ranere suggest 
by the title of this volume that the ar¬ 
chaeological cases represent some possible 
cultural radiations, they are not insistent 
on this interpretation. The editors do il¬ 
lustrate very well that ecological expla¬ 
nations are useful in accounting for dif¬ 
ferences between cultural systems—ra¬ 
diation or no radiation. 

The monograph is praiseworthy be¬ 
cause it presents a detailed archaeological 
sequence from Central America, By 
publishing the evidence, the authors have 
made available a significant body of data 
for comparison. This is worthy of mention 
because archaeological evidence is not 
published as commonly as one would 
wish, 

The work also makes a substantive 
contribution to the study of cultural ad¬ 
aptations in tropical environments. The 
description of an early preceramic tropical 
forest adaptation is of great interest be¬ 
cause no comparable evidence exists from 
similar environments elsewhere in 
America, The authors’ speculation on the 
origins of agriculture in the tropics is an 
interesting example of the creative in¬ 
terpretation of a wide variety of evidence. 

I was particularly interested in the im¬ 
portance of palm fruits in the subsistence 
systems of Western Panama.throughout 
the prehistoric period. This echoes recent 
findings about the role of tree fruits and 
palm nuts in both Mesoamerica and 
northern South America, Linares also 
presents important criticism of the pro¬ 
tein scarcity hypothesis currently es¬ 
poused by many who study tropical forest 
cultural systems. 

I recommend the entire monograph as 
a readable synthesis of first-class ar~ 
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chaeological investigation, and I especially 
invite people who avoid reading about 
stone tools to try one of Ranere’s chapters 
Since preservation of remains is often 
poor in Western Panama, lithic artifacts 
are the only remains that can be used to 
trace changes in social systems, trading 
patterns, and subsistence practices 
through the long prehistoric period 
Ranere’s analysis, based on techniques of 
manufacture, use-ware analysis, and 
replicative experiments, shows that the 
interpretation of lithic tools can be pow- 
ertul—Karen E. Stothert, Anthropology 
University of Texas, San Antonio 

Current Argument on Early Man. 
Lars-Konig Konigsson, ed. Proc. Nobel 
Symp., Bjorkboms Herrgard, I(ar] s . 
koga, Sweden, 1978. 285 pp. Pergamon 
Press, 1980.$60. 

The documentation of human biologi¬ 
cal evolution and cultural adaptation-^ 
the study of paleoanthropology—has in¬ 
creased vastly in recent years. This de¬ 
velopment has been a consequence of 
prolonged interdisciplinary field studies i 
in situations of late Cenozoic sedimenta¬ 
tion particularly favorable to the preser¬ 
vation of organic remains and cultural 
residues, together with the broad appli- 
cation of a diversity of relevant ap¬ 
proaches and methodological refinements 
in the natural and physical sciences. Al¬ 
though scientific rigor has been instilled 
in paleoanthropologies! studies, there has j 
been attendant controversy over the in¬ 
terpretation of much of this new infor¬ 
mation. 

This Nobel symposium sought to bring 
together a group of scientists to review 
“the state of knowledge of human origins 
and early prehistory” on the occasion of 
the 200th anniversary of the death of 
Carolus Linnaeus. Of the 18 contributors 
to this symposium, half have been im¬ 
mediately active in the recovery and in¬ 
terpretation of data relevant to early 
hominid biological and behavioral evo¬ 
lution. An equal number of experienced 
and active contributors to the field did not 
or could not participate (e.g. I was then 
engaged in an exchange/research visit to 
the Soviet Union). Whereas there are 
some useful summaries of (newer) data 
relevant to this complex topic, there is 
scant direct confrontation and discussion 
of divergent interpretations of taxonomic, 
phylogenetic, geochronological, paleoen- 
vironmental, and prehistoric archaeolo¬ 
gical problems. Some of the topics 
touched on in the discussions are sum¬ 
marized, in a very cursory fashion, in a 
chapter by Carl-Axel Moberg; but this 
neither sufficiently delineates current 
arguments (the central purpose of the 
symposium) nor defines the nature and 
extent of divergence in viewpoints, and it 
fails to indicate directions to be taken in 
order to clarify and ultimately resolve 


Those central problems (and their 
discussants, if any) include: the structure 
and adaptive pattern of “proto-hominids” 
as documented among known late Mio¬ 
cene hominoids (D. Pilbeam); the nature 
and role of orthograde posture and ha¬ 
bitual bipedalism among early Hominidae 
(D. C. Johanson, M. D. Leakey); the ex¬ 
tent and significance of diversity among 
early Hominidae, particularly Australo¬ 
pithecus (D. C. Johanson and P. V. To¬ 
bias, also R. E. F. Leakey, Y. Coppens); 
the validity and phylogenetic significance 
of the proposed new taxon, A. afarensis 
(D. C. Johanson contra P. V. Tobias); the 
interpretation of the adaptive significance 
of the composition and variability of early 
archaeological assemblages and associ¬ 
ated organic residues (G. L. Isaac, M. D, 
Leakey); paleobiotas,paleobiogeography, 
faunal exchange, and implications for past 
hominid distribution and dispersal(s) 
(partly by B, Kurten); paleoenviron- 
ments, their nature, variation, and 
transformations in space and time in 
relation to hominid adaptations; the na¬ 
ture and extent of cerebral expansion and 
reorganization, including capacities for 
language; the origin of the genus Homo, 
its temporal, geographic, structural, and 
behavioral aspects (I). C. Johanson contra 
P. V. Tobias contra M. D. Leakey contra 
R. E. F. Leakey); the nature, diversity, 
and affinity of samples commonly re¬ 
ferred to Homo erectus (T. Jacob, Woo J. 
R., G. P. Rightmire); and the origin and 
nature of the earliest human occupants of 
Europe (J. Jelinek). 

In spite of the useful contributions to be 
found in this volume, these and other 
topics require intensive and innovative 
investigation if: human evolutionary 
studies are to continue to progress vigor¬ 
ously.— F. Clark Howell, Anthropology, 
University of California, Berkeley 

Guardians of the Flutes: Idioms of 

Masculinity. Gilbert H. Herdt, 382 pp. 

McGraw-Hill, 1980. $17.95. 

Symbolic Anthropology has recently 
become a recognized field in the disci¬ 
pline. Perhaps because of the negative 
reaction of anthropologists to Freud’s 
Totem and Taboo, with few exceptions, 
psychodynamic interpretations of sym¬ 
bols have been scrupulously avoided; 
Guardians of the Flutes is a notable ex¬ 
ception. It is based on fieldwork carried 
out from 1974 to 1976 among the Sambia, 
a tribe in the eastern highlands of New 
Guinea. 

A series of rites that all males must 
undergo between the end of childhood 
(seven to ten) and parenthood (twenty to 
thirty) provides the focus of the mono¬ 
graph, During the first stages of the ini¬ 
tiation sequence, lasting for approxi¬ 
mately six years, the novice is required to 
practice homosexual fellatio with the 
bachelors of the next older age grade. 
During the next phase he becomes the 
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fellated—first as a bachelor and then as welcome antidote to th« nffeetliuw 
a newlywed. Since the arranged marriages structuralism espoused by the follower* 
are.to immature girls, the practice of fel- of Durkheim and Levi-StmtiHS ,*lulm W, 
latio continues until the bride reaches M. Whiting, Anthropology, Harvard 
menarche, at which time it is expected University 
that the husband should abandon his 
homosexual practices. Upon the birth of 

his first child he is considered an adult ~ ' — ' T” 


man, 

Much of the monograph is devoted to 
an interpretation of the idiomatic signif¬ 
icance of the complex set of events and 
materials that are involved in this series 
of rites. The pervasive theme is the con¬ 
trast between the • idioms of femininity 
and masculinity, The author persuasively 
argues that the psychodynamic basis for 
this theme is the strong conflict in gender 


Mathematics and 
Computer Science 

A Textbook of Topology, H. Seifert and 
W. Threlfall. Topology of ^Dimen¬ 
sional Fibered Space*, H, Seifert. 
Trans. Michael A, Goldman. Pure and 
Applied Mathematics, 437 pp. Aca¬ 
demic Press, 1980, $89.50, 


identity in the male resulting from an in- It is quite unusual to translate a text- 
tensive and exclusive relationship with his book in a rapidly changing field 46 years 
mother during infancy and early child- after it is published, but here is such a 
hood. book. The first of the two parte (pp, L 

It is perhaps necessary to be repetitive 358) is a translation of the authors’ 
if one is to argue convincingly the case for Lehrbuch derTopologie (published by B. 
a particular interpretation .of idiom, G. Teubner of Leipzig in 1934), The sec- 
However, the repetition becomes tedious ond part (pp. 359-4 22) ia a translation of 
at times, and a stronger case could have a paper by Seifert which was published in 
been made with fewer words. The author 1933 in Acta Mat he ma tica Vnl 61) 
disagrees with my theory of the mecha- Soon after its publication, Lehrbuch 
nism for identification. He rejects my derTopologie was recognizcHl ana model 
learning theory model in favor of one de- of excellence in mathemat b«l 
rived from Bowlby’s attachment theory. In the 1930s and 1.940s it was routinely 
He may be right, but his data do not in- used by graduate students mid mature 
form us. In sum, this monograph is a mathematicians who wanted l dv 1 
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gebraic topology. Nobody seriously felt on that. It is not on the modeling process the polynomial /(x,y ) ~ xy- yx in non- 

the lack of an English translation, because itself; only a quarter of the papers make commuting variables x and y . Generaliz- 

a substantial proportion of the advanced even a minimal attempt to connect the ing this point of view, a polynomial iden- 

mathematics texts used in those days mathematics they do with any real-world tity ring (Pi-ring) is defined as a ring 

were written in German. situation. How good then is the coverage which satisfies some polynomial f[x,y) in 


mathematics texts used in those days 
were written in German. 

In the years since then many new areas 
of algebraic topology have opened up and 
become important—e.g. cohomology 
theory, cohomology operations, homotopy 


of applicable mathematics? There are noncommuting variables. Besides corn- 
papers on numerical analysis, differential mutative rings, finite dimensional division 
equations, and stochastic models, but no algebras (like the quaternions) and the 
attempt at overall pictures of any of these ring of linear transformations of a finite- 


theory, fibre bundles, and differential fields is made. Encryption is especially dimensional vector space are important 


topology. Moreover, new and 


nicely treated. Four of the nine invited examples of Pi-rings, and PI-theory has 


ways have been discovered for treating the papers are on data analysis, and this is a made fundamental contributions toward 


basic topics discussed by Seifert and 
Threlfall. Naturally, these developments 


timely recognition of its importance. But understanding these rings. 

all four concentrate on Chernoff faces to Despite having roots in the mid-1920s, 


have diminished the importance of the the exclusion of most other “hot” areas of only since World War II have Pi-rings 


book. data analysis; robustness, for example, is been studied in their own right, and only 

Nevertheless, there is perhaps justifi- not even mentioned.— Henry 0, Poliak, in the past decade has that study bios* 

cation for the present translation. First of Mathematics and Statistics Research somed. Nevertheless it is still a small 

all, Seifert was an outstanding master of Center, Bell Laboratories, Murray Hill, enough area to make possible an eney- 

mathematical exposition. Such expository NJ clopedic book. That is what Rowen has 


been studied in their own right, and only 
in the past decade has that study bios* 


skill is unfortunately all too rare in 
mathematics, and the known examples 
should be treasured and made available 

to as wide an audience as possible. Sec- Measurement and Interpretation o 
ond, this hook is of historical interest. It Productivity. National Researc. 

gives an excellent picture of the state of Gouneil, " ane * to ^ eview Productive 

algebraic topology just as it was about to Statistics. 449 pp. National Academy a 

enter a long period of extremely rapid Sciences, 1979. $18 paper, 

progress. In addition, the translation of This report provides the best discussioi 

"Topologie dreidimensionaler gefaserter to date of available productivity statis 


NJ clopedic book. That is what Rowen has 

produced—a book that has modest pre¬ 
requisites, develops all the basics of PJ- 
„„„ _ , , T . , . theory, and includes most results ob- 

S r ? g.. al ‘^ te Ty' ,1 ‘ l f tained before 1980. Many of thex C 


KfStS STf 

Statistics.449pp.NationalAcademyaf 


Raume” will make this paper more readily tics—what they measure, mismeasure, 
available to a wider audience, which it and don’t measure, and the technical and 


contains a wealth of unsolved problems to 
stimulate future research and should re- 
mam a basic reference for many years,— 
This report provides the best discussion Edward Formanek, Mathematics, 
date of available productivity statis- Pennsylvania State University 


richly deserves .—William S. Massey, 
Mathematics, Yale University 


Information Linkage between Applied 
Mathematics and Industry. Peter C. 
C. Wang, ed. Proc. 1st Annual Work¬ 
shop, Naval Postgraduate School, 
Monterey, CA, 1978.661 pp. Academic 
Press, 1979. $35. 

This volume contains nine invited and 
forty contributed papers that formed the 
program of a symposium held in February 
1978. The collection runs from a superb 


conceptual issues involved. The study can 
be read with profit by experts on pro¬ 
ductivity statistics and is also highly ac¬ 


cessible to nonexperts who are serious SC16HC6S 
about learning the ins and outs of the -- 

subject .—Richard R, Nelson, Economics, ® j 
Yale University Fundament! 


Engineering and Applied 


Ring Theory. F. Van Ostaeyen, ed, Lec¬ 
ture Notes in Pure and Applied Math¬ 
ematics, 51. 801 pp, Marcel Dekker, 
1979. $45 paper. 


Fundamentals of Crystal Growth 1; 
Macroscopic Equilibrium and Trans- 
port Concepts. F. Rosenberger, Series 
in Solid-State Sciences, 5. 530 pp, 
Springer-Verlag, 1979. $39.50. 

Compared with other books published 
so far on this subject, this book constitutes 
a different approach to the crystal growth 


1978. The collection runs from a superb This book consists of many of the pa- 8 uu approacbto Cr y stfl l growth 
survey paper on combinatorial optimiza- P ers Presented at a conference in Antwerp p . ro .i em by re P resenti ng less “art” and 
tion by Victor Klee to routine research in A ^gust 1978. Some are survey papers S1 ?™icantly mor e “science” in dealing 
contributions in numerical analysis. It on Particular parts of ring theory, while ^ crystal growth. The book consists of 
leaves an uneven and unfocused impres- otll ? rs represent new work. The range of . 8ec ^ ons 0n thermodynamics, phase 
s ‘ on - topics is rather wide, covering polynomial e( 4 u rlibria and phase diagrams, crystal 

A book with this title could be exciting identi ty rings, Noetherian-type rings, growth and pha8e ^grains, mass trans- 

indeed. The process of applying mathe- representation of Artinian algebras, and and bea ^ transfer, and segregation, 
matics to the real world is not widely un- torsi on theory. There is also a scattering As he state8 in the Preface, the author 
derstood and is often quite unlike “ap- °t papers not related to these topics. For *' rie8 ,* ;0 cu t across the boundaries of many 
plied mathematics" in universities, those interested in these areas of rinv tradit ional disciplines—a very noble 

Rpol.nrnrU nnni:..*:_ i- ,1 . J ,1 i „ . O crpoti,i.n U..+ _j... i . * . 


plied mathematics" in universities, those interested in these ar 
Real-world applications of mathematics theory-and they do reflect i 


involve a situation outside of mathematics °t current work on the subject—this vol 

which you wish to understand in a struc- ume gives a very good sampler of the kinc 
tural, analytical way. You make a math- of results being obtained.-/. N. Herstein 
ematical model by idealizing some aspects Mathematics, University of Chicago 
and ignoring others, you do mathematics 
on the model, you measure the results 


part tS!yachieved f0rtUnately ^ 18 ° n,y Pflr ’ 


ume gives a very good sampler of the kind - The thermodynamics section is rather 
of results being obtained.-/ N. Herstein, lsolated > as lt lacks a link with a physical 

A/fnhUn™ T :.•• /.ys, . 1 mAAno Af n / ** . 


ematical model by idealizing some aspects Mathematics , University of Chicago ' me * ns of ^cation of thermodynamics 
and ignoring others, you do mathematics to& Mdofcrystalgiowth.Tl,enuth.ir 

on the model, you measure the results lms *° bridge the gap in the last part of 

against the situation with which you Polynomial Identities in Ring Theory, thls lection . but not adequatelv-tk 
Look Halle Rowen. Pure and Applied P' Jncl > line K missing. There are numeral* 

with ndiatyou hope isabettermodeLThe Mathematics. 365 pp. Academic Press “amples in which the thermnd ” 

repeatodflowofudonnationbetweenthe 1980. $39.50. "**' PlayaclearroleinunderatandScS 

t A ting is an algebraic object which has 

modeling; there are only one or two papers 
238 American Scientist, Volume 69 


Phase Diagrams” and “Crystal Growth 
and Phase Diagrams” are a compilation 
of this type of obvious difficulty—the 
selection of diagrams. In this case, al¬ 
though necessarily arbitrary to a large 
extent, the selection is comprehensive 
enough to serve the extended needs of the 
majority of workers in the field of crystal 
growth. The next two sections, “Mass 
Transport and Heat Transfer” and 
“Segregation,” are the strongest of the 
book, and, in fact, it is here that the sep¬ 
aration of “art” from “science” is effected, 
making this book a worthy contribution 
to the field of crystal growth. 

The problem sets at the end of each 
section are somewhat off the mark and 
should be aimed at the application of 
problems dealing with a particular field 
of crystal growth. The references provide 
an ample number of publications to cover 
the main thrust in a particular field and 
will he useful to those who might be in¬ 
terested in a particular problem covered 
by a specific section of the book. 

Although it has some flaws, particularly 
i n the first and second sections, the book 
on the whole is a nice addition to the 
fast-developing field of crystal growth and 
will serve as a useful intellectual tool for 
those working in the field.— Stanley 
Mroczkowski, Engineering and Applied 
Science, Yale University 


Vertical Turbulent Buoyant Jets: A 
Review of Experimental Data, Chin Jen 
Chen and Wolfgang Rodi. HMT: The 
Science and Applications of Heat and 
Mass Transfer, 4, 83 pp. Pergamon 
Press, 1980. $24. 

This slender volume is an excellent 
summary of existing experimental data 
describing the special type of turbulent 
motion produced by discharging a fluid 
from an orifice into a body of like fluid. 
The authors have accumulated most of 
the data extant through 1976 and, while 
this is a significant body of results, it is 
clear that important material has been 
developed subsequently—in particular, 
the recent work on large-scale structures 
in axisymmetric shear flows. Neverthe¬ 
less, the authors have provided a valuable 
aggregation of data, but more than this, 
they have pointed out succinctly that 
large gaps do exist in the experimental 
description of jets and plumes and such 
important allied topics as turbulence in 
the buoyancy-driven region of such mo¬ 
tions, the influence of ambient density 
stratification, the destruction of mo¬ 
mentum by negative buoyancy fluxes, and 
the influence of crossflows and ambient 
turbulence. Not that all of these topics are 
totally without some representation, but 
it is evident that the supporting data are 
in many cases very meager. The authors 
make it clear that the field is still an ap¬ 
propriate one for well-organized and 
carefully executed experiments. After all, 
what else is there to do with such turbu¬ 


lent motions?-#. J. List, Environmental 
Engineering Science, California Institute 
of Technology 


Equations of State in Engineering and 
Research. Kwang Chu Chao and 
Robert L. Robinson, Jr,, eds. Advances 
in Chemistry, 182. 466 pp. American 
Chemical Society, 1979. $54. 

The 21 chapters of this volume contain 
papers delivered at a symposium spon¬ 
sored by the Division of Industrial and 
Engineering Chemistry and held in 
Miami Beach in September 1978, Among 
the reports are critical reviews of a num¬ 
ber of equations of state in current use 
and applications of various new equations 
to mixtures of fluids, vapor-liquid equi¬ 
libria in pure fluids and mixtures, and the 
computation of properties in the critical 
region. Fluids include polar substances, 
light and heavy hydrocarbons, and pe¬ 
troleum reservoir fluids. New data of state 
measurements are reported for ethylene, 
and one of the new formulations has been 
used to compute and tabulate the ther¬ 
modynamic properties of refrigerant 500 
oyer a range of operating temperatures up 
to a pressure of 100 bar. The book is 
skillfully edited, printed, and indexed, 
and is well worth consulting,— Joseph 
Hilsenrath, Physics, National Bureau of 
Standards 


Theoretical Kinematics. O. Bottema 

and B. Roth. Series in Applied Mathe¬ 
matics and Mechanics, 24, 558 pp. 

North-Holland, 1979. $87.75. 

The main part of this text is a general, 
comprehensive treatment of the kine¬ 
matics of rigid-body motions. The motion 
is that of an infinite space, and the geo¬ 
metric properties of elements in the space, 
such as points, lines, and planes, are de¬ 
scribed as functions of the motion, Be¬ 
ginning with three-dimensional motions, 
the authors then focus on motions in two 
dimensions, 

The treatment is rigorous and elegant, 
generally making use of matrix methods. 
In addition to reproducing the known 
results of kinematic theory, the authors 
have introduced a significant number of 
original results, while reserving special 
mathematical methods and non-Euclid- 
ean kinematics for the latter parts of the 
text. Subjects covered include Euclidean 
displacements; instantaneous kinematics 
(including canonical systems and geo¬ 
metric invariants); two-position, three- 
position, four-and-more-position theory; 
continuous, spherical, and plane kine¬ 
matics; special motions; multiparameter 
motions; a mapping of plane kinematics 
(this is an original treatment by the au¬ 
thors); kinematics in other geometries 
(including equiform, non-Euclidean,af¬ 
fine, and projective kinematics); and 
special mathematical methods (including 


complex numbers, isotropic coordinates, 
dual numbers, quaternions, etc.). 

It is not possible within the space 
available for this brief review to do justice 
to this text. It will have to suffice to say 
that its generality will render it useful not 
only to engineers but also to biologists, 
geologists, artists, chemists, surgeons, and 
others; and in its thoughtfulness, ele¬ 
gance, balance, rigor, kinematic insight, 
and encyclopedic nature, it is in my 
judgment the finest treatment of theo¬ 
retical kinematics which has yet been 
written. It will be rewarding reading for 
anyone whose work includes subject 
matter of kinematic content.—Ferdinand 
Freudenstein, Mechanical Engineering, 
Columbia University 


Treatise on Materials Science and 

Technology, Vol, 16: Erosion. Carolyn 

M. Preece, ed. 450 pp, Academic Press, 

1979. $49. 

The word erosion means “to gnaw away 
slowly” and is related to the word rodent. 
As the word is applied to solids it covers 
a range of processes that involve the re¬ 
moval of material by repeated impact by 
solid particles, liquid droplets, or liquid 
(around collapsing bubbles). It differs 
from wear in that the particles are moving 
at such a high velocity that their inertia is 
the main contributor to the damage done 
to the solid, Thus, problems with erosion 
have risen as technology goes to higher 
velocity machines. Examples involve dust 
in helicopter turbines, rain on the win¬ 
dows of supersonic aircraft, or coal char in 
pipes or letdown valves from high-pres¬ 
sure coal conversion systems, The prob¬ 
lem may also involve accelerated corro¬ 
sion due to the erosive stripping of a pro¬ 
tective film. 

Phenomena as diverse as these require 
considerable study and observation before 
it is clear what common elements they 
share with simpler deformation and 
fracture processes in solids. The amount 
of such study has increased steadily over 
the last decade, and the book under re¬ 
view is clearly the best effort at integra¬ 
tion to date. The first six chapters of the 
book contain state-of-the-art reviews of 
the three major forms of erosion—solid- 
particle impact erosion, liquid-particle 
impact erosion, and cavitation erosion. 
Each has been analyzed first in terms of 
the dynamics of the impact and then for 
the actual erosion process and the effect 
of various parameters on erosion rates. 
The reviews are quite detailed, and the 
authors have critically analyzed the var¬ 
ious existing erosion models. Although the 
division into separate chapters of the 
dynamics of the impact process and the 
actual erosion process causes some over¬ 
lap between chapters, it is worthwhile, 
since it impresses on the reader the im¬ 
portance of the dynamics of impact—a 
much-neglected aspect of erosion. The 
seventh chapter extends the analysis of 
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erosion to situations where erosion and 
corrosion act in unison and often with 
synergistic effects, The final chapter 
dispels the usual notion that erosion is 
always a destructive process by consid¬ 
ering beneficial applications in mining, 
drilling, cutting, and cleaning. 

This book provides a readable sum¬ 
mary of a wide and diverse literature, It 
will be an excellent tool for anyone con¬ 
templating research on erosion and a 
valuable reference source for work on 
particle impact at velocities well below the 
speed of sound in the target.— Paul G. 
Shewmon, Metallurgical Engineering, 
Ohio Stale University 


Science of Materials, Witold Brostow, 

436 pp. Wiley-Interscience, 1979. 

$29.50. 

I would like to meet Witold Brostow, 
Any author who, in discussing ignorance 
(the entropy of information theory), 
writes that “ignorance is more than a 
vague word [used] to insult relatives and 
friends,” who remarks that potential ap¬ 
plications of the hydrophilic material 
“supersluper" include “disposable dia¬ 
pers,” and who says, in a consideration of 
liquid structure, that because “properties 
of liquid argon are [readily] explainable 
[it] represents the all-time favorite of 
liquid state theorists" must possess a 
sense of humor encountered infrequently 
in textbook writers. Unfortunately, while 
the one-liners are superb, the book, on the 
whole, is not useful as an educational 
tool, 

Brostow writes from a broad perspec¬ 
tive and includes gases, as well as liquids 
and solids, in his classification of materi¬ 
als. Such a catholic approach has appeal. 
But to cover all these materials ade¬ 
quately in a book of about 400 pages is 
almost impossible, and the result is a 
thoroughly uneven presentation. With all 
due respect to gases, and especially to 
liquids, I found it disturbing that solids 
were but cursorily mentioned in the first 
150 pages, which, instead, are jammed in 
labyrinthine style with information 
theory, viri&l equations of state, and par¬ 
tition functions. (Did you know that, ac¬ 
cording to Brostow, “the symbol s is dif¬ 
ficult to write, but easy to pronounce”?) 
With 250 pages left to cover everything 
else after this “science base” has been laid, 
the results areas expected—jargon and 
terminology dot every other paragraph, so 
that the book begins to resemble Gray’s 
Anatomy more than it does a text, For 
example, the six pages of text allotted to 


phous system as “the fish,” a term no 
doubt stimulated by the relatively large 
number of Escher prints in the book, 
many of which include fish and all of 
which are supposed to clarify, though few 
do, some scientific principle. 

In the sections dealing with topics I 
understand best I found a relatively large 
number of minor errors and misleading 
statements; e.g. cermets are strengthened 
by the ceramic phase impeding matrix 
dislocation motion, and a discussion on 
friction confuses the friction coefficient 
with a geometrical variable, Hence, I 
cannot recommend this book on technical 
grounds. Yet the author's wit and folksy 
style are such that I did enjoy reading 
it —Thomas H. Courtney, Metallurgical 
Engineering, Michigan Technological 
University 


History and Philosophy of 
Science 


ttw® metals and their alloys in hand¬ 
book-like style with little use made of the 
scientific base (including phase diagrams) 
underlying their behavior. Which may be 
just as well, since the phase diagrams 
section is among the most obfuscating, 
!^! 6med . only by Brostow’s referring to 




Beyond Cape Horn: Travels in the Ant¬ 
arctic, Charles Neider. 387 pp, Sierra 

Club Books, 1980. $16.95. 

The Antarctic is the subject of growing 
scientific research and commercial in¬ 
terest and of international territorial 
disputes that complicate its governance. 
The soon-to-expire (in 1991) Antarctic 
Treaty studiously ignores the problem of 
resource exploitation; the recent Antarctic 
Conservation Act (1978) is perhaps too 
restrictive and applies only to U.S, citi¬ 
zens. Perhaps in 1991 this thin and une¬ 
ven texture of law will be replaced with a 
comprehensive, workable international 
treaty, 

Charles Neider’s account, which dis¬ 
cusses these and a great variety of other 
Antarctic issues, is based on several sea 
trips he took on British and American 
vessels in the area of McMurdo and 
Palmer Antarctic stations from early 
January to mid-March 1977. The author, 
a humanist, explores the personal side of 
the Antarctic and realistically describes 
the people and general life aboard re¬ 
search and supply vessels that ply the 
routes connecting the two stations with 
each other and with points north in New 
Zealand and South America. Looming 
always in the background are the great 
seascapes along the western coast of 
Antarctica, which the author describes in 
detail. 

This is Neider’s third trip to the Ant¬ 
arctic; the second produced his finely il- 
lustrated, more evocative Edge of the 
World, Conversant with the expedition¬ 
ary literature of the Antarctic, the author 
in this most recent volume often, through 
brief narratives, raises the ghosts of past 
explorers such as Byrd, Scott, Amundsen, 
Cherry-Garrard, and Shackleton. Three 
illuminating chapters are devoted to 
conversations with Sir Charles Wright, Sir 
Vivian Fuchs, and Laurence McKinley 


Gould, whose lives have considerably in¬ 
fluenced Antarctic history. 

This latter-day voyage account, draw¬ 
ing on an old, informal genre, occasionally 
wanders too casually from subject to 
subject. Sometimes the snatches from the 
author’s personal journal lag, the mono¬ 
tony of ship routine seeming to close in. 
Generally, however, descriptions and 
personal reflections attending this voyage 
are crisp and interesting. Darwin’s lumi- 
nous Journal of Researches on his trip to 
South America is a reminder that the 
voyage genre once was an unbridled cel¬ 
ebration of primary and primitive phe¬ 
nomena. Its modern descendant, as 
Neider’s account well demonstrates, is 
troubled, alloyed with a kind of regret 
that the wilderness is so vulnerable.— 
James Paradis, Humanities, Massa¬ 
chusetts Institute of Technology 


Science, Politics, and Controversy: 
Civilian Nuclear Power in the United 
States, 1946-1974, Steven L. Del Sesto. 
Special Studies in Science, Technology, 
and Public Policy. 259 pp. Westview 
Press, 1979. $17. 

The author has analyzed the industri¬ 
alization of nuclear energy and the pro¬ 
tests that early began to haunt large-scale 
applications. His descriptions of the 
complexity of issues and the development 
of partnership between the AEC and in¬ 
dustry are presented in a balanced, doc¬ 
umented way, as is also the “incredibly 
ritualistic” treatment of citizens and 
public groups in the public hearings where 
“public groups first realized the incredible 
strength of the nuclear power establish¬ 
ment and their own relative impotence." 
His accounts ring true to one who has 
been an intervenor in these hearings, as 
does his final comment: “The very paint 
of the nuclear debate is whether technol¬ 
ogy in the end will serve mankind or 
mankind will serve technology.— Harold 
G . Cassidy, Professor-at-Large, Hanover 
College, IN 


Studies in the Scientific and Mathe¬ 
matical Philosophy of Charles S, 
Peirce. Carolyn Eisele. Richard M. 
Martin, ed. Studies in Philosophy, 29. 
386 pp. Mouton/Walter de Gruvter 
1979. DM 96. 

The author has been a pioneer in the 
study ofthe work of C. S. Peirce. Indeed, 
her role in developing the current interest 
m Peirce is especially significant, for she 
is one of the very few who studies his 
contributions to the history of science, 
geography, mathematics, and education. 
This volume contains many ofthe papers 
that she pubhshed originally between 
1951 and 1977, together with several 
previously unpublished items. 

Th e Principal historiographical prob¬ 
lem m Peirce studies is the mass and 
complexity of his manuscripts. A full 


edition of all his writings would require lustrative of such issues are whether A World on Paper: Studies on the Sec- 

over 100 volumes; the edition now being present nuclear power-generating plants ond Scientific Revolution. Enrico Bel- 

prepared under the direction of M. Fisch have adequate safety devices; whether lone. Trans. Mirella and Riccardo 

is planned to comprise about 25. Eisele’s Agent Orange, the defoliant used in Giacconi, 220 pp, MIT Press, 1980. 

book is a useful guide to several little- Vietnam, had significant effects on the $14.95. 

known aspects of Peirce’s output, for she health of military personnel exposed to “A world on paper” means a theory of 

has used (and in some cases published) that substance; and what the effects are nature having no correspondence to na- 

manuscripts and letters as well as his own on educational opportunity of affirmative ture. The author borrows the phrase from 

published works. Chapter 13, “The action plans of one kind or another. Galileo, The “second scientific revolu- 

Problem of Map Projection,” is a partic- The author argues that these issues tion” refers to the history of physics from 

ularly good example of insights obtained characteristically are controverted in the middle of the eighteenth century to 

from supplementing Peirce’s printed with scientific circles as well as in political and the end of the nineteenth. Beginning with 

his written words, legal forums; that they intersect with an analysis of a controversy between 

This volume is a valuable complement questions of social value, such as "how Kelvin and Boltzmann on the role of 

to the currently available literature on much” exposure to danger or pollution or mathematics in physics, the author moves 

Peirce, which is largely concerned with his privation is “too much”; and that social backward through discussions of numer- 

philosophy and logic. A certain amount of choices often cannot be made unless these ous nineteenth- and eighteenth-century 

repetition is evident, especially from re- issues are resolved in a way that enjoys the physicists before returning to an exami- 

printing Eisele’s introductions to her confidence of the public. The author also nation of late nineteenth-century views of 

four-volume edition of Peirce’s The New argues that present modes of resolving Kelvin and Ostwald. Topics include 

Elements of Mathematics (Mouton, such issues typically are too legalistic and models, methodology, realism, idealism, 

1976) in Chapter 30, where several of the needlessly adversary, and that they often experimentation, mathematics, and ma- 

concerns discussed in the earlier chapters collapse in irresolution, terialism as they all related, or should 

are reworked. The editorial treatment is ■ All these contentions are tenable, and have related, to research in physics, 

by and large adequate, as is the produc- some of them are obvious. The supporting The range of the volume is wide, but 

tion.—/. Grattan-Guinness , Middlesex presentation is tediously repetitive, er- also somewhat erratic. Consider one of the 

Polytechnic, Enfield, UK ratic in logic, and shallow in comprehen- book’s subtheses, the influence of John F. 

sion of both socioscientific issues them- W. Herschel on Kelvin, I think the author 

selves and the problems of resolving them is mistaken in his presentation of Her- 

n . , for purposes of making social choices. The schel’s view of mathematics and provides 

Landau: A Great Physicist and leacher. au th or ’ s suggestions on the latter score are insufficient evidence for any influence of 

Anna Livanova irans J B hykes. 217 tkt the partisans should Mow a « rule of Herschel on Kelvin , Given Kelvin’s rep- 

pp. Pergaipon Press, 198U. $22,50. reason” in disputation (for example, utation for a rather spotty knowledge of 

In this extremely interesting account of avoiding appeals to popular prejudices), the literature, one would want to take 

the life and work of the great Russian and that a proper forum is an ad hoc sci- great care in arguing for any particular 

physicist Lev Davidovich Landau entific parliament for each major issue, influence on his thought. 

(1908-68), Livanova gives us insight into He seems to have faith in these techniques But what about the book’s main thesis? 

his incredible breadth of knowledge, his despite powerful evidence to the contrary As nearly as I can tell, the central argu- . 

perfectionist standards, which helped to adduced in the personal experience that ment is that the philosophical material- 

establish theoretical physics firmly in the he recites. ism associated with seventeenth-century 

Soviet Union, and his relationships with The author is a trial lawyer who has mechanism was “put to rest” (p. 169) 

friends, colleagues, and students. The moved on to dealing with resolution of early in the nineteenth century. Hence 

author focuses on Landau’s theory ofthe technical issues at the legislative level. He nineteenth-century physics was not me- 

superfluidity of liquid helium, which may be assumed to be a good trial lawyer, chanical, and therefore the early twenti- 

earned him the Nobel Prize for physics in but he is out of his depth in more complex eth-century revolution in physics was not 

1962, to illustrate not only the originality legal settings, and he does not seem to be a rejection of mechanism. Presumably, 

and inventive genius, but the very thought fully conversant with the mysteries of materialism is intended by the author to 

processes, of an extraordinary scien- science. be the “world on paper” which physicists 

tist Robert E. Filner, History, San It is sad that so important a topic has were able to replace when they abandoned 

Diego State University received such an undiscerning treatment, philosophy in favor of objective scientific 

It is even sadder to note that the author research. I think most of the thesis is du- 

apparently has been employed to hold bious, and, at any rate, it is not well sup- 

forth on his thesis in universities, industry ported here, Consequently, though spe- 

Science and Conscience. Milton R. councils, and various public platforms, cific sections of the book will be of interest 

Wessel. 293 pp. Columbia University Such engagements suggest that many to historians of physics,! would not rec- 

Press, 1980. $15.95. others in important places share the au- ommend it as an overall guide to eigh- 

The author proposes a mode of proce- thor’s Panglossian conception of the teenth- and nineteenth-century physical 

dure for resolving what he calls socio- problems involved.— Geoffrey C, Hazard, thought .—David B, Wilson, History and 

scientific issues—questions of scientific Jr,, Law and Management, Yale Uni- Mechanical Engineering, Iowa State 

fact imbedded in social controversies. II- versity University 
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Morris, Robert H., Donald P. Abbott, 
Eugene C. Underlie, eds. Intertidal 
Invertebrates of California. 690 pp. 
Stanford University Press. $30, 

Nalr, Brecdhar, ed, Computers in Critical 
Care and Pulmonary Medicine. Com¬ 
puters in Biology and Medicine. 427 pp. 
Plenum. $39.50, 

Nudelman, Sol, & Dennis D. Patton, eds, 
Imaging for Medicine. Vol. 1: Nuclear 
Medicine, Ultrasonics, and Ther¬ 
mography. 498 pp. Plenum. $49.50. 
Parker, William S., & William S, Brown, 
Comparative Ecology of Two Colubrid 
Snakes, Masticophts T. Taeniatus and 
Pituophis Melanoleucus Deserticola, in 
Northern Utah. 104 pp, Milwaukee: 
Public Museum. $9.95 paper, 
Poberdy, John F, Developmental Micro¬ 
biology. Tertiary Level Biology. 230 pp. 
Halsted Press. $29.95 paper. 

Porsild, A. Erling, & William J, Cody. 
Vascular Plants of Continental 
Northwest Territories, Canada. 667 
pp. University of Chicago Press. $85, 
Power, Dennis M„ ed. The California 
Islands: Proceedings of a Multidisci¬ 
plinary Symposium. 787 pp. Santa 
Barbara, C A: Museum of Natural His¬ 
tory. $20 paper. 

Prutni, J. S. Spices and Condiments: 
Chemistry , Microbiology, Technology. 
Advances in Food Research, Supple¬ 
ment 4. 449 pp, Academic Press, 
$39.50. 

Rapado, Aurelio, R. W, E, Watts, Chris H, 
M. M. De Bruyn, eds. Purine Metabo¬ 


lism in Man, 3: Clinical and Thera¬ 
peutic Aspects. Advances in Experi¬ 
mental Medicine and Biology, 122A. 
444 pp. Plenum. $45. 

Ratcliffe, Derek. The Peregrine Falcon. 
416 pp. Vermillion, SD: Buteo Books. 
$42,50. 

Rhoads, Donald C., & Richard A. Lutz, 
eds. Skeletal Growth of Aquatic Or¬ 
ganisms: Biological Records of Envi¬ 
ronmental Change. Topics in Geo¬ 
biology, 1.750 pp. Plenum. $47.40. 

Rom, William N., & Victor E. Archer, eds. 
Health Implications of New Energy 
Technologies. 785 pp. Ann Arbor 
Science, $40. 

Russell, Peter J. Lecture Notes on Ge¬ 
netics. 258 pp, St. Louis: Blackwell 
Mosby. $19.75 paper. 

Sammes, P. G. Topics in Antibiotic 
Chemistry, Vol. 5,312 pp. Halsted 
Press. $87,50. 

Satinoff, Evelyn, ed. Thermoregulation, 
Benchmark Papers in Behavior, 13.375 
pp. Academic Press. $45. 

Saunders, Joseph F., ed. Journal of Soviet 
Oncology, Vol. 1, No, 1,79 pp. Plenum. 
$75 quarterly subscription. 

Sbarra, Anthony J,, & Robert R. Strauss, 
eds. The Reticuloendothelial System: 
A Comprehensive Treatise, Vol, 2: 
Biochemistry and Metabolism. 432 pp, 
Plenum. $45. 

Schuster, Rudolf M. The Hepaticae and 
Anthocerotae of North America East 
of the Hundredth Meridian, Vol. 4. 
1334 pp, Columbia University Press. 
$75, 

Scott, Thomas G., & Paul H. Eschmeyer, 
eds, Fisheries and Wildlife Research 
1979 .202 pp, Washington: U.S. Gov¬ 
ernment Printing Office. Paper, no 
price given. 

Scott, Walter A., et al., eds, Mobilization 
and Reassembly of Genetic Informa¬ 
tion. Miami Winter Symposia, 17.459 
pp. Academic Press. $35. 

Sims, R, W., ed. Animal Identification: A 
Reference Guide, Vol, 2: Land and 
Freshwater Animals (mtlnsects). 120 
pp. Wiley, $25. 

Smith, A. D., R. Llinas, P. G. Kostyuk, 
eds. Commentaries in the Neuro¬ 
sciences. 668 pp. Pergamon Press. 
$67,50. 

Sommers, Sheldon C., & Peter Paul 
Rosen, eds. Pathology Annual, Part 2, 
Vol. 15: 1980 .452 pp, Appleton-Cen- 
tury-Crofts. $35.50. 

Stein, Richard B. Nerve and Muscle: 
Membranes, Cells, and Systems. 265 
pp, Plenum, $18.95; 

Suckling, K. E., & C. J. Suckling. Biolog¬ 
ical Chemistry; The Molecular Ap¬ 
proach to Biological Systems. Texts in 
Chemistry and Biochemistry. 381 pp. 
Cambridge University Press. $59.50 
cloth, $19.95 paper, 

Swanson, Carl P,, Timothy Merz, William 
J, Young. Cytogenetics: The Chromo¬ 
some in Division, Inheritance, and 
Evolution, 2nd ed, 577 pp. Prentice- 
Hall, 1981.123.95, 

Taylor, RJ. Food Additives. The Insti¬ 
tute of Environmental Sciences Series. 
126 pp, Wiley. $30. 

Thurman, Ronald G., ed. Alcohol and 
Aldehyde Metabolizing Systems,_ 4. 
Advances in Experimental Medicine 
and Biology, 132. 835 pp. Plenum. 
$75, 


Toates, Frederick M, Animal Behaviour: 
A Systems Approach . 299 pp. Wiley. 
$50. 

Turner, Neil C., & Paul J. Kramer, eds. 
Adaptation of Plants to Water and 
High Temperature Stress. 482 pp. 
Wiley-Interscience. $40, 

Warner, Noel L., ed. Contemporary 
Topics in Immunobiology, Vol, 11.299 
pp. Plenum. $32.50. 

Weete, John D. Lipid Biochemistry of 
Fungi and Other Organisms. 388 pp. 
Plenum. $45. 

Wessells, Norman K., ed. Vertebrates: 
Adaptation. Readings from Scientific 
American. 256 pp. W. H. Freeman. 
$19.95 cloth, $9.95 paper. 

Whiteman, P. C. Tropical Pasture 
Science. 392 pp. Oxford University 
Press. $58 cloth, $28.50 paper. 

Woods, S. E,, Jr. The Squirrels of Cana¬ 
da. 199 pp. University of Chicago Press. 
$29.95. 

Zaias, Nardo, The Nail in Health and 
Disease. 260 pp, SP Medical & Scien¬ 
tific Books. $60, 

Zaret, Thomas M. Predation and Fresh¬ 
water Communities. 187 pp, Yale 
University Press. $15. 

Zlotin, R. L, & K. S, Khodashova. The 
Role of Animals in Biological Cycling 
of Forest-Steppe Ecosystems, Trans. 
William Lewis & W. E. Grant. 221 pp, 
Academic Press. $19.50. 


Ecology and Environment 


Bj^rseth, Alf, & Anthony J. Dennis, eds. 
Polynuclear Aromatic Hydrocarbons: 
Chemistry and Biological Effects. 
Proc. 4th Internat. Symp., Battelle 
Columbus Laboratories, 1979.1097 pp. 
Columbus, OH: Battelle Press/Van 
Nostrand Reinhold, $49.95. 

Greeson, Phillip E., John R. Clark, Judith 
E. Clark, eds. Wetland Functions and 
Values: The State of our Under¬ 
standing. Proc. Symp., Lake Buena 
Vista, PL, 1978.674 pp. Minneapolis: 
American Water Resources Associa¬ 
tion. $49. 

Gunther, Francis A., ed. Residue Reviews: 
Residues of Pesticides and Other 
Contaminants in the Total Environ¬ 
ment , Vol. 74.138 pp. Springer-Verlag. 
$26.80. 

Hocutt, Charles H., et al., eds. Power 
Plants: Effects on Fish and Shellfish 
Behavior. 346 pp. Academic Press. 
$25. 

Jain, R. K., L. V. Urban, G. S. Stacey. 
Environmental Impact Analysis: A 
New Dimension in Decision Making, 
2nd ed. Environmental Engineering. 
393 pp. Van Nostrand Reinhold, 1981. 
$27.50. 

McGraw-Hill Encyclopedia of Energy, 
2nd ed. 838 pp. McGraw-Hill. $34.50. 
Nebel, Bernard J. Environmental 
Science: The Way the World Works. 
175 pp. Prentice-Hall, 1981. $17.95. 
Sell, Nancy J. Industrial Pollution Con¬ 
trol: Issues and Techniques. Environ¬ 
mental Engineering. 359 pp. Van Nos¬ 
trand Reinhold, 1981, $19.50. 

Vesilind, P. Aarne, & Alan E. Rimer. Unit 
Operations in Resource Recovery En- 
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gineering. Environmental Engineering. 
452 pp. Prentice-Hall, 1981. $25.95. 


Behavioral Sciences 


Alex, Lynn Marie. Exploring Iowa's Past: 
A Guide to Prehistoric Archaeology. 
169 pp. University of Iowa Press. $7.95 
paper. 

Bailyn, Lotte. Living with Technology: 
Issues in Mid-Career. 134 pp. MIT 
Press. $15. 

Barkin, Florence, & Elizabeth Brandt, 
eds. Speaking, Singing and Teaching: 
A Multidisciplinary Approach to 
Language Variation. Anthropological 
Research Papers, 20.482 pp. Tempe, 
AZ: Department of Anthropology, Ar¬ 
izona State University. $10 paper. 
Blakar, Rolv Mikkel. Studies of Familial 
Communication and Psychopathology: 
A Social-Developmental Approach to 
Deviant Behavior. 182 pp. Columbia 
University Press. $18 paper. 

Bornstein, Marc H., ed. Comparative 
Methods in Psychology. Crosscurrents 
in Contemporary Psychology. 302 pp. 
Lawrence Erlbaum. $24.95. 

Bower, Gordon H., ed. The Psychology of 
Learning and Motivation: Advances in 
Research and Theory, Vol. 14.367 pp. 
Academic Press. $36. 

Brown, Patricia Eyring, & A. E. Rogge. 
Archaeological Investigations at AZ 
U:6:61 ( ASU ), A Prehistoric Limited 
Activity Site in South-Central Arizo¬ 
na. Technical Paper 4, Anthropological 
Research Papers, 21. 85 pp. Depart¬ 
ment of Anthropology, Arizona State 
University. $4 paper. 

Canter, David, ed. Fires and Human Be- 
havior, 338 pp. Wiley. $30. 

Conklin, Harold C. Ethnographic Atlas 
of Ifugao: A Study of Environment , 
Culture, and Society in Northern 
. Luzon. 115 pp, Yale University Press. 
$75. 

Cordell, Linda S., & Stephen Beckerman, 
eds, The Versatility of Kinship: Essays 
Presented to Harry IF. Basehart. 
Studies in Anthropology. 379 pp. Aca¬ 
demic Press. $40. 

Cordry, Donald. Mexican Masks. 280 pp. 

University of Texas Press. $39.95, 
Cushman, Donald P,, & Robert D. 
McPhee, eds, Message-Attitude-Be¬ 
havior Relationship: Theory, Meth¬ 
odology, and Application. Human 
Communication Research. 339 pp. Ac¬ 
ademic Press. $27. 

Evans, Richard I. The Making of Social 
; Psychology: Discussions with Creative 
Contributors. 230 pp, Halsted Press. 
$24.95. 

Plomehhaft, Kalman, & Adolph E, Christ, 

A Dialogue for Child Psychiatric Ed¬ 
ucators. Downstate Series of Research 
in Psychiatry and Psychology, 3. 222 
pp. Plenum. ,$35. 

Forrester, John, Language and the Ori¬ 
gins of Psychoanalysis . 285 pp. Co¬ 
lumbia University Press. $22.50. 
Goldberg, Arnold, ed. Advances in Self 
Psychology. 562 pp. International 
Universities Press, No price given. 

Haith, Marshall M. Rules That Babies 


Look By: The Organization of New¬ 
born Visual Actiuity. 146 pp, Lawrence 
Erlbaum. $16.50. 

Kahn, Jack, & Susan Elinor Wright. 
Human Growth and the Development 
of Personality, 3rd ed. Social Work. 227 
pp. Pergamon Press. $33.50 cloth, 
$15.50 paper. 

Kempe, C, Henry, & Ray E. Heifer, eds, 
The Battered Child, 3rd ed. 440 pp. 
University of Chicago Press, $25. 

Ken t, Ernest W. The Brains of Men and 
Machines. 286 pp. BYTE/McGraw- 
hill, 1981. $15.95. 

Kirkpatrick, Martha, ed. Women’s Sex¬ 
ual Development: Explorations of 
Inner Space. Women in Context; De¬ 
velopment and Stresses. 298 pp. Ple¬ 
num. $25. 

Knapper, Christopher Kay. Evaluating 
Instructional Technology. 163 pp. 
Halsted Press. $26.95, 

Krlppner, Stanley. Human Possibilities: 
Mind Exploration in the USSR and 
Eastern Europe. 248 pp. Anchor/Dou¬ 
bleday. $14.95. 

Lass, Norman J., ed. Speech and Lan¬ 
guage: Advances in Basic Research and 
Practice, Vol. 3. 311 pp. Academic 
Press. $29, 

Laville, Henri, Jean-Philippe Rigaud, 
James Sackett. Rock Shelters of the 
Perigord: Geological Stratigraphy and. 
Archaeological Succession. Studies in 
Archaeology. 371 pp. Academic Press. 
$29.50. 

Lerner, Melvin J. The Belief in a Just 
World: A Fundamental Delusion. 
Perspectives in Social Psychology. 209 
pp. Plenum. $22,50. 

Levinson, Harold N. A Solution to the 
Riddle Dyslexia. 398 pp. Springer- 
Verlag. $24,80. 

Lewenstein, Suzanne M., ed. Proceedings 
of the Eighth International Congress 
for the Study of the Pre-Columbian 
Cultures of the Lesser Antilles. An¬ 
thropological Research Papers, 22.623 
pp. Department of Anthropology, Ari¬ 
zona State University. $20 paper. 
McFadden, Dennis, eds. Neural Mecha¬ 
nisms in Behavior: A Texas Sympo¬ 
sium. 308 pp. Springer-Verlag, 
$24.90, 

Milanich, Jerald T„ & Charles H. Fair¬ 
banks. Florida Archaeology. New 
World Archaeological Record Series, 
290 pp. Academic Press. $19,50. 

Milroy, Leslie. Language and Social 
Networks. Language in Society, 2.218 
pp. University Park Press. $16.50 
paper. 

Ong, Walter J. Fighting for Life: Contest, 
Sexuality, and Consciousness. 231 pp. 
Cornell University Press, 1981. 
$14.95. 

Posavac, Emil J., & Raymond G. Carey. 
Program Evaluation: Methods and 
Case Studies. 350 pp. Prentice-Hall, 
$15.95, 

Rieber, _ R, W., ed. Applied Psycho¬ 
linguistics and Mental Health, Ap- 
plied Psycholinguistics and Commu¬ 
nication Disorders. 224 pp, Plenum. 
$24.50. 

Rieber, R. W., & Kurt Salzinger, eds. 
Psychology; Theoretical-Historical 
Perspectives. 364 pp. Academic Press. 
$ 21 . 

Roosevelt, Anna Curtenius, Parmana: 
Prehistoric Maize and Manioc Sub¬ 


sistence along the Amazon and Ori¬ 
noco. Studies in Archaeology. 320 pp, 
Academic Press. $29.50. 

Rothstein, Arnold. The Narcissistic 
Pursuit of Perfection. 287 pp. Inter¬ 
national Universities Press. No price 
given. 

Sarason, Irwin G., & Charles D. Spiel- 
berger, eds. Stress and Anxiety, Vol. 7. 
Series in Clinical and Community 
Psychology. 308 pp. Hemisphere. 
$25,50. 

Schaefer, Charles E., & Howard L. Mill- 
man. How to Help Children with 
Common Problems. 431 pp. Van Nos¬ 
trand Reinhold, 1981. $15.95. 

Schiffer, Michael B., ed. Advances in 
Archaeological Method and Theory, 
Vol. 3. 448 pp. Academic Press’ 
$39.50. 


Staddon, J. E. R., ed. Limits to Action; 
The Allocation of Individual Behavior. 
308 pp. Academic Press. $24. 

Strauss, John S., et al, eds. The Psycho¬ 
therapy of Schizophrenia. 305 pp. 
Plenum. $27.50. 

Thompson, Richard F., Leslie H. Hicks, 
V, B. Shvyrkov, eds. Neural Mecha¬ 
nisms of Goal-Directed Behavior and 
Learning. 639 pp. Academic Press. 
$49.50. 


Thornton, Robert J, Space, Time, and 
Culture among the Iraqw of Tanzania. 
Studies in Anthropology. 275 pp, Aca¬ 
demic Press. $29.50. 

Twiford, Rainer, & Peter Carson. The 
Adolescent Passage: Transitions from 
Child to Adult. 166 pp. Prentice-Hall 
$4.95 paper. 

Udolf, Roy. Handbook of Hypnosis for / 
Professionals. 366 pp. Van Nostrand 
Reinhold, 1981. $24.50. 

West, Stephen G., & Robert A. Wicklund. 

A Primer of Social Psychological 
Theories. 324 pp. Brooks/Cole. 
$14,95. 


Mathematics and 
Computer Science 


Adomian, G., ed. Applied Stochastic 
Processes. Proc. Conf., Univ. of Geor¬ 
gia, 1978. 301 pp. Academic Press. 
$ 21 . 

Atre, S. Data Base: Structured Tech¬ 
niques for Design, Performance, and 
Management. Business Data Process¬ 
ing. 442 pp. Wiley-Interscience. 
$27.95. 

Belsley, David A., Edwin Kuh, Roy E. 
Welsch. Regression Diagnostics: 
Identifying Influential Data and 
Sources of Collinearity. 292 pp. Series 
in Probability and Mathematical Sta¬ 
tistics. 292 pp. Wiley. $21.95. 

Cho, Chin-Kuei. An Introduction to 
Software Quality Control. Business 
Data Processing. 445 pp. Wiley-Inter¬ 
science. $29.95. 

Crabb, M. C. ZZjZ-Homotopy Theory, 
London Mathematical Society Lecture 
Note Series, 44. 128 pp. Cambridge 
University Press. $15.95 paper. 

Dlab, Vlastimil. Representations of j 
Valued Graphs. Seminaire de Mathis- 
matiques SupSrieures, 73.190 pp. Les 
Presses de l’UniversitA de Montreal. 
Paper, no price given. 


Dubois, Didier, & Henri Prade. Fuzzy 
Sets and Systems: Theory and App li- 
cations. Mathematics in Science and 
Engineering, 144. 393 pp. Academic 
Press. $49.50. 

Elandt-Johnson, Regina C., & Norman L. 
Johnson. Survival Models and Data 
Analysis. Probability and Mathemat¬ 
ical Statistics, Applied Section. 457 pp. 
Wiley. $34.95. 

Everitt, Brian. Cluster Analysis, 2nd ed. 
Social Science Research Council, Re¬ 
views of Current Research. 136 pp. 
Halsted Press. $16.95 paper. 

Fletcher, R. Practical Methods of Opti¬ 
mization, Vol. 1: Unconstrained Op¬ 
timization. 120 pp. Wiley-Interscience. 
$24.50. 

Garside, R. G. The Architecture of Digital 
Computers. Applied Mathematics and 
Computing Science Series. 365 pp. 
Oxford University Press. $74 cloth, 
$34.50 paper. 

Graham, Ronald L„ Bruce L. Rothschild, 
Joel H. Spencer. Ramsey Theory. Dis¬ 
crete Mathematics. 174 pp. Wiley-In¬ 
terscience. $21.95. 

Greenspan, Donald. Arithmetic Applied 
Mathematics. International Series in 
Nonlinear Mathematics, 1. 165 pp. 
Pergamon Press. $25 cloth, $11.25 
paper. 

Grossman, Michael. The First Nonlinear 
System of Differential and Integral 
Calculus. 85 pp. Rockport, MA; Ma- 
thco, 1979, $15 paper. 

Heiserman, David L. Programming in 
BASIC for Personal Computers. 331 
pp. Prentice-Hall, 1981. $17.95 cloth, 
$7,95 paper. 

Hennell, M, A., & L. M. Delves, eds. Pro¬ 
duction and'Assessmerit of Numerical 
Software. 386 pp. Academic Press. 
$34.50. 

Iosifescu, Marius. Finite Markov Pro¬ 
cesses and Their Applications, rev, ed. 
295 pp. Wiley. $32.50. 

Jancura, Elise G., & Robert Boos. Estab¬ 
lishing Controls and Auditing the 
Computerized Accounting System, 288 
pp. Van Nostrand Reinhold, 1981. 
$19.95. 

John, Peter W. M. Incomplete Block 
Designs. Lecture Notes in Statistics, 1. 
101 pp. Marcel Dekker, $17.50 paper. 
Kendall, Sir Maurice. Multivariate 
Analysis, 2nd ed. 210 pp. Macmillan. 
$29.95. 

Kingman, J. F. C. Mathematics of Ge¬ 
netic Diversity. CBMS-NSF Regional 
Conference Series in Applied Mathe¬ 
matics, 34.70 pp, Philadelphia; Society 
for Industrial and Applied Mathemat¬ 
ics. $13 paper. 

Kosniowski, Czes, A First Course in Al¬ 
gebraic Topology ,269 pp. Cambridge 
University Press. $44,50 cloth, $15.95 
paper. 

Krieger, Henry A. Measure-Theoretic 
Probability. 382 pp. University Press 
of America. $20.50 cloth, $12.50 
paper. 

Krisnnaiah, Paruchuri R., ed. Develop¬ 
ments in Statistics: Vol 3. 254 pp. 
Academic Press. $35. 

Lamb, G. L., Jr. Elements of Soliton 
Theory. Pure and Applied Mathe¬ 
matics. 289 pp. Wiley-Interscience. 
$29.95. 

Lorin, Harold. Aspects of Distributed 
Computer Systems. 286 pp. Wiley- 


Interscience. $27.50. 

Newby, J. C. Mathematics for the Bio¬ 
logical Sciences: From Graphs through 
Calculus to Differential Equations. 
Applied Mathematics and Computing 
Science. 319 pp. Oxford University 
Press. $59 cloth, $27 paper. 

Rao, S. S. Optimization: Theory and 
Applications, 711 pp, Halsted Press. 
$19.95. 

Rauch, H, E., ed. Control Applications of 
Nonlinear Programming. Proc. IF AC 
Workshop, Denver, 1979.125 pp. Ple¬ 
num. $30, 

Robinson, Stephen M, Analysis and 
Computation of Fixed Points. Publi¬ 
cation 43, Mathematics Research 
Center, Univ. of Wisconsin. 413 pp. 
Academic Press. $22.50, 

Rogers, Gerald S. Matrix Derivatives. 
Lecture Notes in Statistics, 2.150 pp. 
Marcel Dekker. $27.50 paper. 

Satyanarayanan, M. Multiprocessors: A 
Comparative Study. 201 pp. Pren¬ 
tice-Hall. $21.50. 

Schoenstadt, Arthur L., et ah, eds. In¬ 
formation Linkage between Applied 
Mathematics and, Industry 2. 293 pp. 
Academic Press. $20. 

Short, Kenneth L. Microprocessors and 
Programmed Logic. 528 pp. Prentice- 
Hall, 1981. $26. 

Sinha, S. K., & B. K, Kale. Life Testing 
and Reliability Estimation. 196 pp. 
Halsted Press. $16,95. 

Stoodley, K. D. C., T. Lewis, C. L. S. 
Stainton. Applied Statistical Tech¬ 
niques. Ellis Horwood Series in Math¬ 
ematics & Its Applications. 310 pp. 
Halsted Press. $56.95. 

Stummel, F,, & K. Hainer. Introduction 
to Numerical Analysis, Trans. E. R. 
Dawson. 282 pp. Columbia University 
Press. $22 paper, 

White, Donnamaie E. Bit-Slice Design: 
Controllers and ALUs. 147 pp, Garland 
STPM, 1981. $24.50. 

Young, Robert M. An Introduction to 
Nonharmonic Fourier Series. Pure and 
Applied Mathematics. 246 pp. Aca¬ 
demic Press. $32. 

Zabinski, Michael P. Introduction to 
TRS-80 LEVEL II BASIC and Com¬ 
puter Programming. 186 pp. Pren¬ 
tice-Hall. $14.95 cloth, $10.95 paper. 


Engineering and Applied 
Sciences 


Arizona State University Solar Energy 
Collection, Solar Energy Index, 942 pp. 
Pergamon Press, $135. 

Armstrong, Joe E. Strategies for Con¬ 
ducting Technology Assessments, 
Special Studies in Science, Technology 
and Public Policy. 113 pp. Westview 
Press. $17.50. 

Buckley, Michael J., ed. Journal of Non¬ 
destructive Evaluation, Vol. 1, No. 1. 
77 pf>. Plenum. $60 quarterly sub¬ 
scription. 

Casey, James P., ed. Pulp and Paper: 
Chemistry and Chemical Technology, 
3rd ed., Vol. 2,625 pp. Wiley-Inter¬ 
science. $50. 

Duffy , Joseph. Analysis of Mechanisms 
and Robot Manipulators: 419 pp. 
Halsted Press. 8114.95. 


Eargle, John. Sound Recording, 2nd ed. 
355 pp. Van Nostrand Reinhold, 
$21.95. 

Ettlinger, Lester A., et al. Electrotech¬ 
nology, Vol. 6: High-Temperature 
Plasma Technology Applications. 163 
pp. Ann Arbor Science. $29.95. 

Francis, A. J. Introducing Structures: A 
Textbook for Students of Civil and 
Structural Engineering, Building and 
Architecture. 293 pp. Pergamon Press. 
$30 cloth, $11.50 paper. 

Frungel, Frank B. A. High Speed Pulse 
Technology, Vol. 4: Sparks and Laser 
Pulses. 488 pp, Academic Press. 
$49.50. 

Gill, C. B. Nonferrous Extractive Met¬ 
allurgy. 346 pp. Wiley-Interscience. 
$39.50. 

Gutkowski, Richard M. Structures: 
Fundamental Theory and Behavior. 
511 pp. Van Nostrand Reinhold, 1981. 
$34.50, 

Hamilton, Roger, Electrical Principles 
for Technicians. Electrical and Tele¬ 
communications Technicians Series. 
231 pp. Oxford University Press. 
$37.50. 

Hass, Georg, & Maurice H. Francombe, 
eds. Physics of Thin Films: Advances 
in Research and Development, Vol, 11. 
336 pp. Academic Press. $42. 

Haugen, Edward B. Probabilistic Me¬ 
chanical Design. 626 pp. Wiley-Inter¬ 
science. $36,95. 

Krone, Robert M. Systems Analysis and 
Policy Sciences: Theory and Practice. 
Series on Systems Engineering and 
Analysis, 216 pp. Wiley-Interscience. 
822.95. 

Lancaster, Gordon. DC and AC Circuits, 
2nd ed. Physics Series, 2. 325 pp. Ox¬ 
ford University Press. $59 cloth, $29.95 
paper, 

Luzadder, Warren l Fundamentals of 
Engineering Drawing: For Design, 
Product Development, and Numerical 
Control, 8th ed. 638 pp, Prentice-Hall, 
1981. $18.95, 

Marton, L,, & C. Marton, eds. Advances 
in Electronics and Electron Physics, 
Vol. 53. 322 pp. Academic Press. 
$39.50. 

Melaragno, Michele, Simplified Truss 
Design. 404 pp, Van Nostrand Rein- 
hold, 1981, $27.50. 

Monzingo, Robert A., & Thomas W. Mil¬ 
ler, Introduction to Adaptive Arrays. 
543 pp, Wiley-Interscience, $35.95. 

Moore, C. Bradley, ed. Chemical and 
Biochemical Applications of Lasers, 
Vol. 5.281 pp, Academic Press. $23. 

Northrup, Clyde J. M,, Jr,, ed. Scientific 
Basis for Nuclear Waste Management, 
Vol. 2.936 pp. Plenum. $65. 

Noyes, Robert, ed, Small and Micro Hy¬ 
droelectric Power Plants: Technology 
and Feasibility. Energy Technology 
Review, 60,457 pp. Noyes Data. $42. 

Ouellette, Robert P., Marcel M. Barbier, 
Paul N. Cheremisinoff. Electrotech¬ 
nology, Vol. 5: Low-Temperature 
Plasma Technology Applications. 147 
pp. Ann Arbor Science, $29.95. 

Paul, J. K., ed. Large and Small Scale 
Ethyl Alcohol Manufacturing Pro¬ 
cesses from Agricultural Raw Materi¬ 
als, Chemical Technology Review, 169; 
Energy Technology Review, 58.576 pp. 
Noyes Data. $48. 

Rembold, U., ed, Information Control 
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Problems in Manufacturing Technol¬ 
ogy 1979. Proc. 2nd IFAC Symp., 
Stuttgart, 1979. 319 pp. Pergamon 
Press. $65. 

Sager, Juan C., David Dungworth, Peter 
F. McDonald. English Special Lan¬ 
guages: Principles and Practice in 
Science and Technology. 368 pp. 
Wiesbaden: Oscar Brandstetter Verlag. 
DM45. 

Samsonov, G. V., & I. M. Vinitskii. 
Handbook of Refractory Compounds. 
IFI Data Base Library. 555 pp. Plenum. 
$75. 

Sarner, Erik, Plastic-Packed Trickling 
Filters. 170 pp. Ann Arbor Science. 
$12.50. 

Sax, N. Irving, ed. Dangerous Properties 
of Industrial Materials Report, Vol, 1, 
No. 1.55 pp. Van Nostrand Reinhold. 
$96 bimonthly subscription, 

Strub, A. S., & P. Ungemach, eds. Ad¬ 
vances in European Geothermal Re¬ 
search. Proc. 2nd Internat. Seminar, 
Strasbourg, 1980,1086 pp, D. Reidel, 
Dfl. 120. 

Strub, A. S., & G. Imarisio, eds. Hydrogen 
as an Energy Vector. Proc. Internat. 
Seminar, Brussels, 1980. 703 pp. D. 
Reidel. Dfl. 95. 

Szokolay, S. V. World Solar Architecture. 

278 pp. Halsted Press. $64.95. 

Verity, Enid. Color Observed. 171 pp. Van 
Nostrand Reinhold. $19.95. 

Weik, Martin H. Fiber Optics and 
Lightwave Communications Standard 
Dictionary. 284 pp. Van Nostrand 
Reinhold, 1981. $18.50. 


History and Philosophy of 
Science 

Albritton, Claude C,, Jr, The Abyss of 
Time: Changing Conceptions of the 
Earth’s Antiquity after the Sixteenth 
Century. 251 pp. San Francisco: Free¬ 
man, Cooper. $12.75. 

Angel, Roger B. Relativity: The Theory 
and its Philosophy. Foundations & 
Philosophy of Science & Technology. 
259 pp. Pergamon Press. $45 cloth, 
$19.50 paper. 

Asquith, Peter D,, & Ronald N. Giere, eds. 
PSA 1980: Proceedings of the 1980 

Science Association , Vol. 1.370 ppf 
East Lansing, MI: Philosophy of 
Science Association. $9.50 cloth, $7.50 
paper. 

Berg, Clarence P. The University of Iowa 
■ and Biochemistry from their Begin¬ 
nings, 173 pp. Iowa City: University of 
Iowa, Department of Biochemistry. 
$25. 

Bronner, Marcell, & Max Bronner. The 
Relationship Between Science, God, 
and Religion. 257 pp. Vantage Press. 
$12,95. 

Colbert, Edwin H. A Fossil-Hunter’s 
Notebook: My Life with Dinosaurs and 
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bandford Publications. £9. 
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James Hutton's Medical Dissertation 
Transactions of the American Philo¬ 


sophical Society, Vol. 70, Part 6.57 pp. 
Philadelphia: American Philosophical 
Society. $8 paper. 

Field, Hartry H. Science Without Num¬ 
bers: A Defence of Nominalism. 130 pp. 
Princeton University Press. $16. 

Finocchiaro, Maurice A. Galileo and the 
Art of Reasoning: Rhetorical Founda¬ 
tions of Logic and Scientific Method. 
Boston Studies in the Philosophy of 
Science, 61. 478 pp. D. Reidel. $40 
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of Thomas Kuhn’s Philosophy of 
Science. 339 pp. University of Notre 
Dame Press. $18.95 cloth, $7.95 
paper. 

Hankins, Thomas L. Sir William Rowan 
Hamilton. 474 pp. Johns Hopkins 
University Press. $32.50. 

Heydenreich, Ludwig H,, Bern Dibner, 
Ladislao Reti. Leonardo the Inventor. 
192 pp. McGraw-Hill. $9.95, 

Mann, W. Edward, & Edward Hoffman. 
The Man Who Dreamed of Tomorrow: 
A Conceptual Biography of Wilhelm 
Reich. 295 pp. J. P. Tarcher. $12.95. 

Moravcsik, Michael J. How to Grow 
Science. 206 pp. Universe. $12.50. 

Paul, Charles B. Science and Immortal¬ 
ity: The Eloges of the Paris Academy 
of Sciences ( 1699-1791 ). 202 pp. Uni¬ 
versity of California Press. $19,50, 

Plesset, Isabel R, Noguchi and His Pa¬ 
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Science. 500 pp. Cambridge University 
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pp. Pergamon Press. $40.50 cloth, 
$20.50 paper. 
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paged, Arno Press. $42. 
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ity. 173 pp. Malibu, CA: Pepperdim? 
University Press. $10,95. 

Torrance, Thomas F., ed. Belief in 
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150 pp. Columbia University Pres. 
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in the Victorian Mind . The Joints 
Hopkins University Studies in Histor¬ 
ical and Political Science, 2.190 pp. 
Johns Hopkins University Press, $R 
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some color, eat a peach—-I want to Hue!” 


DON’T JUST 

SIT THERE 
WORRYING... 

PHONE TIAA (TOLL FREE) 
FOR HELP, RIGHT AWAY! 



Perhaps a new baby, or a big mortgage debt, or a 
recent salary increase, or just plain double-digit Inflation has 
you worried that the life insurance coverage you presently 
maintain for your family isn't enough to take care of them 
the way you do. Whatever your concern, you can get help 
by phoning the TIAA life Insurance Advisory Center and 
talking with an Insurance Counselor. 

Every week hundreds of your colleagues In educa¬ 
tion call these trained TIAA professionals to discuss such 
questions as: 

Which kind of life Insurance Is best for me? 
How much should I have besides group 
coverage? 

What would It cost? 

There's no obligation of course; It's part of the service TIAA 


provides to the education and research communities, 

It's a fact that most educators with a family to raise 
and educate are seriously underinsured, and inflation Isn't 
helping. They need as much immediate family protection 
as they can get for their money, That's why our counselors 
frequently suggest low-cost TIAA Decreasing Term policies 
when It's clear that a sizable chunk of new coverage is 
essential, 

Just $167 a year* buys a $100,000 20-Year De¬ 
creasing Term policy for a man aged 35 or a woman 
aged 40! 

This example is drawn from the following table Illus¬ 
trating yearly costs for different Initial amounts of protection 
on this plan: 


TIAA 20-YEAR DECREASING TERM INSURANCE COST EXAMPLES FOR SELECTED AGES 



$50,000 Policy | 

$100,000 Nicy 1 

$150,000 Nicy 

Issued teaman aged 

25 

35 

45 

25 

35 

45 

25 

35 45 

Issued to a woman aged 

30 

40 

50 

30 

40 

50 

30 

40 50 

Annual Premium 

$93,50 

$164.00 

$373.50 

$187 

$328 

$747 

$280,50 

$492,00 $1,120,50 

Yearly Cash Dividend 

42.00 

70.50 

148.00 

J04 

161 

_316 

166.00 

251.50 484,00 

Yearly Net Cosl* 

$51.50 

$ 93,50 

$225,50 

$ 83 

$167 

$431 

$114.50 

$240.50$ 636.50 


‘Annual premium, less cash dividend payable at the end of policy year on current scale, Dividends cannot be 
guaranteed or esilmated for Ihe future, but TIAA has paid dividends every year since Its founding In 1918. 


So you see, there's no reason to worry. At costs like 
these you can comforfably afford to give yourfamily all the 
protection they need. 

For answers to your questions, dial TOLL FREE 
800-223-1200 (In New York call collect 212-490-9000). If you 
prefer to receive Information by mail just fill out and send 
Ihe coupon at the right. 

Eligibility for TIAA Is extended only to employees of 
colleges, universities, private schools, and certain other 
nonprofit educational or scientific organizations, and to the 
spouse of such an employee when more than half of the 
combined earned Income of husband and wife Is from a 
qualifying Institution. 


Established as a Nonprofit Service Organization 
by the Carnegie Foundation 
for the Advancement of Teaching 


Life Insurance Advisory Center AS3/481L 

Teachers Insurance and Annuity Association 
730 Third Avenue, New York, NY 10017 

Please send me more Information about low-cost TIAA life 
Insurance, Including personal Illustrations of policies for my 
age as Indicated below: 

□ Decreasing Term □ 5-Year Renewable Term 

□ Whole Life 

Please print 


Name 

Titie 

Date of Birth 

Address 

City 

State 

Zip 


Nonprofit Educational or Scientific Employer (college, uni¬ 
versity, private school, etc,) 


If your spouse Is also eligible according to rules at left, 
please provide 

spouse's name and date of birth 
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Apple personal computer 
systems help you collect, store 
and analyze data as fast as you 
can load a disk and execute a 
program. Because more than 
100 companies offer software 
for Apple, you have the largest 
program library for manipulating 
your data in the personal 
computing world. Need special 
programs? Use any of Apple’s 
development languages - BASIC, 
FORTRAN, Pascal. 

tin engineering 

Apple personal computer systems 
let you define models, 

make trade-offs _ 

and refine proto¬ 
types. Want to 
study cause and 
effect of several 
variables? Apple 
computes new 
results instantly 
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ed 


flu 


908- 

800 

?0fl 

(.00 

500 

400 

300 

200 

100 
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Whichever system you 
pick, Apple never locks m 

you into a single con¬ 
figuration, You can Lan! 

use up to four or eight 
I/O accessory expansion jg 
slots to add an IEEE bus, 
Apple’s Silentypeprinter, g 
a modem or a graphics 
tablet. Add memory up to 64K 
bytes or Mbytes. Add up 
to four or six 
W disk drives 



4 expansion am 


disk interface 
OS-232 inletlacs 
Siiflni™'" punier imwtei 
clock/eaienilar 

One drive Pmli in, pha 
interface lo suppou 
three more dm« 

Enhanced BASIC 


CPU, 48K RAM, single I CPU, 9fiK RAM ntiuim 
disk drive, 8&W j disk drive, BAWMomw 
M onitor |r). 

Silentype'" printer, 
and BASIC. *2878,00* 


nitur, SOS, fnlwftted 
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call 800 - 538 - 9696 , In California,) 
800 - 662 - 9238 . Or write: Apple i 
Computer, 10260 Bandley Drive, 
i Cupertino, CA 95014, 


t ' , i M I I 


service and the best 
extended warranty 


op^ computer nt 


JFNnnjjnsonn 
L HOIII It 


[In colorful, easy-to- 
read graphs, charts or plots on a 
video monitor. 

I In production 
management 

Apple personal computer systems 
make it easy to gather data, 
analyze productivity, measure 
yields and facilitate all phases 
of production control. Want to 
speed up repetitive tasks? 


Apple is the answer, 
If you have any other 
questions about why Apple Is the 
pick for professionals in engi¬ 
neering, see your 


computer 
dealer or 
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Paleontology and 
Paleoenvironments 

Edited by Brian J. Skinner 


Earth's History, Structure 
and Materials 

Edited by Brian J. Skinner 


A volume in the series EARTH AND ITS INHABITANTS 
Readings from American Scientist 


A volume In the seriei EARTH AND ITS INHABITANTS 
Readings from American Scientist 


, ■ . ■ .. . 

Each paperbound book in the series 
contains the full text and illustrations- 
from the original article in American 
Scientist. Because they are meant to 
be read beyond the bounds of the 
author's special discipline, the 
articles do not assume a detailed 
knowledge on the part of the reader, 
are relatively free from jargon/ and 
are generously illustrated, 

Edited by Brian l Skin ner, Eugene 
Higgins Professor of G eology at Yale 
University, each book contains ten 
or more articles bearfng on a general 
theme, Though each book stands 
alone, it Is related to and can be read 
In conjunction with others In the 
series, 


Watch for other titles in this series. 
Publication dates to be announced, 


Available from your local bookstore 
or fromWilliamKaufmann,Inc., 
One First Street, Los Altos, CA 94022. 


MM 


ZEISS 


camera is through the binocular i 
tube. Controls are few, clearly 
marked,and readily accessible. „ 
The u n usual com pact ness g ive s 


I West Germany 







Three ways 
to choose from. 

First way: 

MC63A 

with electronically con-, 
trolled shutter'for fully 
automatic exposure. 
Shown with camera back 
for 4 x 5" Polaroid® or 
3 Va x 4 1 / 4 " film, 


Second way: 

MC63C 

with built-in automatic 
exposure control and 
manually released shut¬ 
ter, The most economical 
way, Shown with 35mm 
camera back, . 


Third way: 

MC 63 

with electronically con¬ 
trolled shutter lor fully 
automatic exposure, 
automatic film advance, 
and manual override, 
Shown with motor-driven 
35mm camera back. 


ility service-Expert dealers. 
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A Message from the President 

This is the first of six letters I will be writing as president; it comes at a time 
of great change in our country. The changes taking place are influenced by 
an economy that has been stagnating, a demography that is undergoing dra¬ 
matic changes, a revolution in the rate of technological alterations in our ev¬ 
eryday lives, and, finally, a developing concern about the state of our national 
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W e're the undisputed leader in the 
laboratory computer field. We 
built one out of every three systems now 
in operation. And we want to bring our 
expertise to your lab. 

You won't find anybody more 
qualified. 

At Digital, we offer by far the broad¬ 
est range of compatible, easy-to-use 
cost-effective lab computers available anv- 

M1NC system and the largest DECsys- 

tem 10 and-20; Digital makes a system 

ideahy suited to the size, complexity, 
and financial resources of your lab .' 

And once the system is installed 

your investment is protected for the future. 

lhats because Digital's systems can be 
toked in compatible networks. Not just 
With others from Digital, but with many 
mainframes as well. So no matter how 


much or how fast your laboratory grows, 
you can add to our computer system as ' 
the need arises. 

With one of Digital's computer 
systems in your lab, the benefits become 
apparent very quickly. Productivity 
is increased. Highly paid researchers are 
freed from the more tedious, repetitive 
tasks. Resources are allocated more 
efficiently. Data acquisition, analysis, 
simulation/documentation, project man¬ 
agement, and many other time-consuming 
tasks become routine operations. 

If you're concerned about keeping 
your lab running smoothly in the face of 
skyrocketing costs and increasingly strin¬ 
gent regulation, take advantage of our 

experience m your field. Talk to a Digital 
Laboratory Data Products representative. 
You ifmd out just how easy itistoput 
the leader to work for you. F 



TO: Digital Equipment Corporation 
Laboratory Dataproducts Group MR 2-4/M 16 
One Iron Way, Marlboro, Mass. 01752 

European headquarters: 12 av. des Morgines, 1213 Petit-Lancy/Geneva. 
In Canada: Digital Equipment of Canada, Ltd. 

I'm interested. Tell me more about your computers and what they can 
do for my lab. 


We change the way 
the world thinks. 
























Sigma Xi News 



T.T.H. 

In July 1953, American Scientist con- 
tained articles on "Ultimate Disposal of 
Radioactive Wastes," on "Africa and the 
Origins of Man," and on the relative 
growth rates of pure and applied re¬ 
search* Twenty-eight years later Ameri¬ 
can Scientist is still concerned with 
these issues. Other topics might appear 
more unusual today; under the title of "A 
Hitherto Undescribed Island," a member 
of the faculty of Stanford University Medi¬ 
cal School described his experience as a 
patient in a tuberculosis sanatorium, from 
the viewpoint of an anthropologist. 
Tucked away on page 350 was the bare 
statement that "Effective July 1 1953.., 
Professor Thomas T. Holme, Professor of 
Industrial Engineering, Yale University, 
becomes Acting Executive Secretary of 
Sigma Xi." 

Twenty-eight years is a long time in the 
history of science, of a scientific society, 
and of an individual. In July 1953 digital 
computers were still an expensive novel¬ 
ty, Sigma Xi had an active membership 
of 50,000 {compared to 125,000 at 
present), and Tom Holme's successor as 
Executive Director was still at school. 

For twenty-eight years Tom Holme has 
been the personification of Sigma Xi in a 
way that can never be repeated. 

The most solid reminder of "Holme rule” 
will be the Society's headquarters at 345 
Whitney Avenue. It was the Executive Di¬ 
rector who recognized and seized the op¬ 
portunity to secure the building when it 
became available, just as it was he who 
devised the scheme by which a portion 
of the rental income from the building is 
used to increase the fund for Grants-in- 
Aid of Research. The generous response 


from the membership to the voluntary 
levy for the purchase of the building was 
the best endorsement of his judgment 
that he could have wished. 

In May of this year, the Executive Direc¬ 
tor acted for the last time as installing of¬ 
ficer at the creation of a new chapter of 
Sigma XI. Most appropriately, the cere¬ 



mony took place in what will now be his 


home state, as the Sigma Xi Club of 
Charleston became the Charleston Chap¬ 
ter, no. 261. A few weeks later, the 
Board of Directors of Sigma Xi voted 
unanimously to bestow on Tom Holme 
the title of Executive Director Emeritus. 

If this seems an occasion to look back, 
that is not what he would wish. Sigma Xi 


is still five years from the celebration of 
its centenary, but as long ago as 1969 
Tom Holme had begun to look ahead to 
that occasion, and to ask the member¬ 
ship what the Society should be at that 
time. His address, printed In American 
Scientist In January-February 1970, re¬ 
mains in practically all aspects the 
underlying concern of the Board of Direc¬ 
tors and of the chapters and clubs. "Can 
Sigma Xi become too big?" he asked. 

"Is Sigma Xi in danger of becoming ob¬ 
solete?" 

As Tom Holme leaves New Haven lor re¬ 
tirement in South Carolina, It Is evident 
that Sigma Xi is not obsolete; nor is If too 
big even though It has never had a larger 
active membership than at present, To a 
very considerable extent this Is because 
Tom Holme found the answers to his own 
questions. "1 believe that the time has 
come to rededlcate ourselves to quality 
rather than quantity as being a measure 
of growth; emphasis must be placed on 
excellence.... We are not and cannot 
be a mutual admiration society. We must 
innovate and change to meet the ever- 
changing dimensions of our mission.... 
We must search for new and Improved 
methods of accepting and meeting the 
challenges before us." 

Tom Holme would be the first to Insist 
that these principles are as essential In 
1981 as In 1953 or 1969. No doubt the 
Executive Director Emeritus will watch 
closely to make sure that they are ful¬ 
filled In the years ahead. Meanwhile we 
wish Tom and his wife Billie as much en¬ 
joyment in their retirement as they had 
during the twenty-eight years with Sigma 

C.I.J. 
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The Albedo Effect 


Mathematical models of the atmosphere are the chief scientific tools for 


may result from man's activities. Recent advances at the General Motors 
Research Laboratories have revealed new information about the contribution of 
airborne particles to the delicate thermal balance of the earths atmosphere. 



Regim if heating and cooling determined 
particle limmcteristics gnd surface albedo. 


Radiation scattering exhibited by a layer of 
particles. Tlw inset slimes the distribution < 
scut ti ring by a single particle of mean size. 


I lEVOID of its atmosphere, 
J_/the bare earth would 
reach an average temperature of 
only -1°C. Atmospheric interac¬ 
tion with solar and terrestrial radi¬ 
ation raises the average surface 
temperature to fifteen degrees Cel¬ 
sius, making life as we know it 
possible, Small fluctuations in 
overall temperature can have large- 
scale effects. It is believed that a 
drop of a few degrees Celsius last¬ 
ing for a period as short as four 
years could trigger an ice age. Fun¬ 
damental studies conducted at the 
General Motors Research Labora¬ 
tories explore the effect of various 
atmospheric factors, natural and 
man-made, on the earth’s thermal 
balance. . 

New knowledge of the 
influence of airborne particles on 
the earth’s thermal balance has 


\ Incident Radiation % 4 Backscatter 


‘ . 

■ ... i 


m V./ 


Forward Scatter^ 


been revealed by investigations 
carried out by Dr. Ruth Red, 
Dr. Reek’s work at General Motors 
integrated for the first time* flic 
complex factor of particles into 
radiative-convective atmospheric 
models. Her findings help deter¬ 
mine under what conditions par 
tides have a cooling influence, and 
under what conditions they have a 
heating influence. 

Airborne particles have 
many sources: volcanic issue, 
wind-raised dust and sea salt, ash, 
soot, direct and indirect productsof 
combustion and industrial process 
ing, the products of the decav ni 
plant and animal.life, the liquid, 
droplets and ice crystals that make 
up clouds. Particles alter the radia 
. tion flow in the atmosphere by the 
processes of scattering arid absor|i 
tion. Particles differ by size and 
composition, factors which deter¬ 
mine optical properties. 

Prior to Dr. Reek’s work, 
models for calculating th(v vertical 
temperature profile included layers 
of clouds and the significant 
gases—() ;;t () :i , 11,0 and CO.- bin 
neglected the particle factor. 1h 
establish the thermal effect of par¬ 
ticles, later models assumed a uni 
form vertical temperature change. 

Dr. Reek’s contribution was 
to add the particle factor to a one 
dimensional model developed at 
the Geophysical Fluid. Dynamics 
Laboratory at Princeton Univer¬ 
sity. This model divides the atmo¬ 
sphere into nine layers. An initial 
temperature distribution is as¬ 
sumed, and the model is used to 
compute the net radiative energy 


flow into or out of each layer, A 
part iele population is input for each 
layer. Calculated radiation imbal¬ 
ances result in a temperature 
change for each layer within the 
model, subject to the condition that 
change in temperature with alti¬ 
tude not exceed the adiabatic lapse 
rate. The new temperatures are 
used to compute a new radiation 
balance, This process is repeated 
until there are no further changes 
in temperature. 

The particles of interest, 
known as Mie-seattering aerosols, 
art* comparable in size to the wave¬ 
length of the incident radiation, Dr. 
Keck models the interaction of 
these particles with the radiation 
held in terms of two parameters: 
the single scattering albedo of the 
particle, which describes backscat- 
ler, and an anisotropic scattering 
factor, which measures the degree 
of forward scatter. From these, two 
quantities and the size distribution 
and abundance of the particles, the 
transmission, absorption and back- 
scatter of each layer in the model 
can be calculated. 


U R. RECK discovered that 
whether particles have a 
heating or cooling influence de¬ 
pends upon the surface albedo, or 
reflective power, of the earth di¬ 
rectly beneath them. Snow (0.6) is 
more reflective than sand (0.3); 
water is less reflective than either 
(0.07). Her results indicate that 
when surface albedo is small, the, 
net effect of particles is to shield 

the earth from incoming solar radi¬ 


ation, producing a cooling influ¬ 
ence. When surface albedo is large, 
a trapping effect prevails, in which 
the portion of solar radiation that 
reaches the earth’s surface is 
"trapped” between the surface and 
the particles, producing a net heat¬ 
ing influence. The competition be¬ 
tween these two effects, shielding 
and trapping, determines the over- 
, all thermal influence of particles. 

Dr. Reck calculated that for 
the latitudes between the'; equator 
and 35°N, where average surface 
albedo is low, the current back¬ 
ground level of atmospheric par¬ 
ticles decreases solar radiation 
; reaching the earth by ~ \ c k thus 
producing a net cooling effect. Her 
findings indicate that heating takes 
place at latitudes north of 55°N, 
where average surface albedo is 
high. Calculations with the model 
indicate a correlation between the 
increase in particle abundance due 
to volcanic activity in 1970 and a 
subsequent ice build-up in 1971. 

"Previous models did not ad¬ 
equately take into account the role 
played by particles in the earth’s 
thermal balance,” says Dr. Reck. 
"The geosystem is continually 
changing. It is important for us to 
understand the elements that affect 
this evolution, so that we may know 
how man’s activities influence the 
atmosphere,” 
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Dr. Ruth Reck is 
a Staff Research 
Scientist in the 
Physics Depart¬ 
ment at the 
General Motors Research 
Laboratories. 

Dr. Reck received her Ph.D 
in physical chemistry from the Uni¬ 
versity of Minnesota. Her thesis, on 
the statistical mechanics of hetero¬ 
geneous systems, concerned the 
theory of diffusion-controlled 
chemical reactions. Prior to joining 
General Motors in 1965, she was a 
Research Associate in the. Applied 
Mathematics Department of 
Brown University. 

In addition to global climate 
studies, Dr. Reck has done research 
at General Motors in solid state 
physics and magnetic materials. 
Over the last seven years, she has. 
participated in several interna¬ 
tional exchange programs on cli¬ 
mate-related subjects. 


General Motors 

People building transportation to serve people 








*'°V® 



NEED A BETTER TAX SHELTER? 

STARTING A NEW BUSINESS? 


Only a Nevada corporation offers the great¬ 
est benefits to business owners and invest¬ 
ors. Find out why in our new, fast selling 
book, "How To Incorporate In Tax Free 
Nevada for only $50.00"by John L, Hayden, 

Reader Comments: “Saving more tax money with 
my Nevada corporation than my Delaware corpo¬ 
ration." — enterpreneur / "Saved $1050. using 
your book" - adv. exec. / "Very easy to under¬ 
stand and informative." - housewife. 


Contains Tear-Out Forms and 
Articles ot Incorporation 


Highlights of this revealing book 
include how-to: 

• Incorporate without a lawyer y Mail to: Newport Publishing 

• Gain more benefits and privacy than | p,o. Box 8320, Newport Bch., CA 92660 



Delaware corporation 

• Pay no State income tax, less 
Federal 

• Be a one-man corporation 

• Incorporate within 48 hours 

• Start with zero capital 

• Limit personal liability 

• Eliminate Franchise Tax 

• Transfer stock freely 

NEWPORT PUBLISHING 

P.O.Box 8320, Dept, A 
Newport Beach, CA 92660 
® 1981 Newport Publishing Co., Inc. 


Please rush me _copies of "How To 

Incorporate in Tax Free Nevada for 
only $50.00"at $14.95 each, under 
your 14 day money-back guarantee, 
□ Check DM.O. P Bill me 
NOTE: California residents add 6% sales tax. 
Open account orders are billed $1.00 extra for 
postage and handling, 

□ Please send more free information, 


Name _ 
Address. 
City_ 


.Zip. 
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"IN JUST 10 DAYS, I'LL SHOW YOU HOW TO DO ■ 

f, REAL MATH 

L Un ON YOUR SCIENTIFIC CALCULATOR!"* I 
n = 1 'Quick. 'Easy. 'Guaranteed. 'Fun, too! | 

I INTRIGUED BY CALCULATORS? Then you can then approach the limit and stop. " I 

step up your math skills fast! Use my new.method Professor John A Ball of Harvard College (author " 

I in guidebook form. It's called CALCULATOR of the book Algorithms for RPN Calculators') I 
CALCULUS and comes with this guarantee; If after writes: '7 wish I had had as good a calculus I 

1 10 days mu're not astounded at the problems course." g 

you're solving on pour own calculator, return the Professor H, I. Freedman of the U, of Alberta, | 

I guidebook for an immediate refund. writing in Soc. bid. AppJ. Math Review, states: . 

But the point is - you won’t want to send it back, ‘‘There can be no question as to the usefulness of | 

I For this is the easiest, fastest shortcut ever! The day this book,..lots of exercises...very clearly written _ 
you receive your copy in the mail you'll want to and makes for easy reading. " I 

I put it to work, It’s that exciting ana helpful, C.B, of Santa Barbara says: "Your book has " 
My name is Dr, George McCarty, I teach math given me much instruction and pleasure. I do not I . 
at the University of California. I wrote this hesitate to recommend it. 'CALCULATOR " 
I guidebook to cut through the confusion. It does CALCULUS ' is a book that inspires the reader to I 
■ just that - with worked-out examples, simple ex- understand everything down to llw last detail, You I 

I ercises and practical problems — all designed to seem to luwevut your heart into the teaching, " g 
work with precision and magic on your calculator! I WANT YOU TO TRY THIS. So, if you act | 
■ POWER METHODS. Need to evahiale functions, areas, now, you can invest in 'CALCULATOR m 
| volumes — solve equations — . use curves, |rig, polar coor- CALCULUS' for only US. $14,95 (to USA or I 

■ ?tS?“biij 
■ iWASSJP&lt'tSM *,ar MV COMPLETE KIT, Ml . TI-35 | 

I motion, cooling, probability, pressure - and plenty more calculator, a 200 p, Student Math Book, AND the I 
ieven differential equations). ^ ‘ guidebook, ALL For $39,95 (to USA only; add $2 

tor shipping, or $5 by AIR: in Calif, add $2, 


Important numerical techniques? Those algorithms 


ng, .. 

wise Ben Franklin said, "An investment in 
the best dividends," GET STARTED 

.. •, , , , - .... deductible for professionals, 

I OOk'’at W"t W SJv'ltTr N0 R1SK WHATEVER! Send for it today. Be O 

MccK 0 f PhLS w?£: Gl ,suretogivemeyourcompletemailingaddress’with 

UlATOR CAMsATiForten 


I 'YMLQ^Aro^ Foe t your or "' one Y M&n If you want to charge 

ffisaiws-— 

I not until Iliad your book that it became clear what ^ s u 

the calculus was all about. Now I can go through the a 

other books and see whattheu are trying todo. With I / , 

| cfear in^nomenfanS'ha M^TR^hfflNC R Bd«CALC Publications, Dept. M-7 L 

m EXPERIENCE. I program some of the iterative prob- Box 974, Laguna I)each, Ca lfornia 92652 T 

I fetus t/ot/ iimest and it abiiovs C.IWS A/IF A - In California, call 714—497.3600: O 

1 THML to see it start nut St mL'cJu e ' sewhcw T0LL FUEE Wwur Credit Card orders, D , 

irmu^osee it start out with a wild guess and 800-854-0561, Ext. 845: Dept, M-7 A 


Letters to the 
Editors 
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Autoradiography 

To the Editors: 

It strikes me that in the painting 
“Woman in Red” more than the sig- 
nature has been tampered with ; 
(Maurice J. Cotter, “Neutron Acti¬ 
vation Analysis of Paintings,” Am. 
Sci. 69:17-27, January 1981), Com¬ 
parison of Figures 13 and 14 with the 
reproduction in Figure 12 indicates 
that beneath the figure of the woman, 
whose face is turned to her left with 
her gorgeous hair flowing over her 
right shoulder and upraised right 
arm, hides a more demure young lady \ 
facing right, her hair over her left t 
shoulder, her hands modestly clanped 
together, 

Personally I rather prefer the hid¬ 
den original, 

Avraham Berkovits 
Israel Institute of Technology 
Haifa, Israel 

Dr. Cotter replies: 

Dr. Berkovits correctly and per¬ 
ceptively identifies changes in the 
form and figure of “Woman in ” 
from its radiographs. Most of these 
changes are seen in both the x-rays 
and the neutron-induced autoradm- 
graphs. The unique contribution of 
autoradiography was the revelation of 
an overpainted signature, 

The use of autoradiography in the 
conservation examination of paint¬ 
ings is discussed in a 1978 article in 
the Bulletin of the American 1ml 
tute for Conservation of Historic and 
Artistic Works (Kathleen K, Taylor, 
Maurice J. Cotter, and Edward V, 
Sayre, “Neutron Activation Autora¬ 
diography as a Technique for Con¬ 
servation Examination of Paintings” 
15:93-102). One hopes that its use in j 
conservation will be among the must ; 
important future applications of the f 
technique. 
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wua •: microscopes. 

The extra dimension is quality 

T here is no finer or broader AA A a 

selection of stereomicro- w9k m r ® 

scopes and macroscopes than I • . \ 

Wilaprovides for all areas of bio- \jt\3 I ft 

logical and medical research, I I *4*a*»^i 

The range of accessories for pho- ^ 

tomicrography and illumination i jjjLg| 19 

techniques combined with ^ 

superb optics expands their use- \ W* 

fulness exponentially. , 


bB* 


M400 Photomakroskop 

is an innovative approach to 
photography in the difficult 1:1 
to 64:1 macro range. Its unique, 
highly corrected zoom system 
maintains constant focus and 
working distance during magni¬ 
fication changes. This obviates 
time consuming bellows adjust¬ 
ments and recalibrations. Expo¬ 
sure control is automatic, as Is 
the film advance for the 35mm 
format, Focusing and framing is 
done through the binocular tube, 
The image of the specimen is 
projected directly onto the film 
plane. A built-in aperture con¬ 
trol can be used to enhance con¬ 
trast and depth of field, 

M8 Zoom Stareomicroscope 

incorporates a five-element 
main objective giving an opti¬ 
mum image virtually free from 
distortion and aberration, The 
8:1 zoom ratio allows magnifica¬ 
tions from 6-60X continuously 
variable and parfocal through- 


magnification range maybe 
expanded from 2.4-160X. The 
addition of modular accessories 
(discussion tube, drawing tube, . 
photomicrographic attach¬ 
ments and illumination systems 
for brightfield reflected light and 
bright and darkfield transmitted 
light) makes the M8 the ultimate 
research stereomicroscope. 



MBAPO Stereomicroscope. 

Special glasses and coatings 
were developed for total correc¬ 
tion of chromatic aberration. 

For applications requiring the 
highest accuracy and detail in 
the areas of sharpness, contrast, 
resolution and color fidelity, The 
MBAPO (apochromatic) has the 
same basic well-tested modular 
MBA design (the long time stan¬ 
dard for dissecting-microscopes). 
All conventional MBA acces¬ 
sories can be used with the AP0. 

The Wild modular design 
allows rapid conversion to pho- 
tomicrographic use, A demon¬ 
stration will show how much 
quality Wild can bring you. 




M7AZoom Stereomicroscope 

provides outstanding optical 
quality with 6:1 zoom ratio and 
magnification of from 6.3-31X, 
expandable from 1.8-124X with 
accessory optics, The color cor¬ 
rection is superh and the field of 
view wide and extremely flat. 
The M7A has a shorter range of 
magnification than the M8 and 
its design lends itself to low 
power applications where maxi¬ 
mum contrast is required. 


1, Leitz? Inc. , 

Rockleigli, Hew Jersey 
, please send more information atout 

DM400 Photoraaktofllcop 

□ MS StereomlsroBCope 
QM7ABtereomiorosoope 

□ MSAP0 Stereomlcroacope 

□ Wild stereomloroscopes and accessories 





























Great Laboratory Innovator - 
SWIFT SRL-D 
Research Microscope 


Technicians and research 
scientists are due for a pro¬ 
foundly revealing experience 
when they come face-to-face 
with the sophisticated new 
Swift SRL-D instrument. 

Model M973-DM shown here, 
for example, has DIN* Micro 
Plan optics-the DIN 45mm 
optical system which delivers 
a flatter field and peerless 
resolution. Co-incident body 
maintains parfocality in choice 
of binocular and/or two tri- 
nocular models. A host of 
other features assures opti¬ 
mum research results. 

Prove the SRL-D Series 
potentials for yourself. Call or 
write today for catalog data 
sheet and name of your 
nearest Swift dealer for 
demonstration. 

‘Deutsche Industrial 
Normen—an industry 
standard. 



9A» 
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SWIFT INSTRUMENTS, INC. 

Scientific Instrument Division 

P.O, Box 562, San Jose, CA 95106 • 408/293-2380 
(Main Office: Boston, MA) 

SWIFT AGENCIES are located throughout the U.S. 
and in most foreign countries. 


Uranium deposits 

To the Editors: 

In my article, “The Hunt for Giant 
Uranium Deposits” [Am. Sci. 69: 
37-48, January 1981), I have made a 
mistake that presents an impending 
domestic uranium shortage due to 
reliance on sandstone-type deposits 
as worse than I intended. At the bot¬ 
tom of page 39,1 stated: “Further¬ 
more, even if the nuclear program is 
delayed, so that the 1990 estimate of 
cumulative requirements (293,100 
tons of U 3 0 8 ) is delayed until 1995 
instead, an additional 6 years beyond 
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1995 of exponential growth at 79 
year would consume the largest 
mate shown in the last colum 
Table 2,” Clearly, this is mather 
cally incorrect. 

The sentence should read: “ 
thermore.., 7% per year (574 
cumulative tons) would cons 
virtually all but the largest estir 
of DOE’s $15 reserves and resou 
shown in the last column of T 
2 .” 

EricS. Cheney 
University of Washington 
Seattle, WA 


Occult beliefs 

To the Editors: 

Barry Singer and Victor A. Benassi 
(“Occult Beliefs,” Am. Sri. 69:49-55, 
January 1981) tell us on page 51 that 
“when an abandoned ship is found 
floating intact off the coast of Florida, 
causes such as freakish weather, 
geysers, or sharks are often dismissed 
because they seem too rare and 
therefore inherently unlikely.” 

Neither “freakish weather” nor the 
presence of sharks in the water seems 
a likely cause for an entire crew to 
abandon an intact ship. But when it 
comes to geysers...! 

Ronald H. Pine 
Downers Grove, IL 


To the Editors: 

In their exploration of the causes of 
occult belief, Singer and Benassi 
should perhaps consider the possi¬ 
bility that science itself is partly to 
blame. Certainly the public has be¬ 
come more aware of science since the 
advent of the space program in 1957. 
And the mind-blowing scientific dis¬ 
coveries of the past 20 years, such as 
black holes, make most occult beliefs 
seem almost mundane. 

A more important factor may he 
the recent growth of scientific ro¬ 
manticism, as exemplified by the 
writings of Carl Sagan, Arthur C. 
Clarke, and Jacob Bronowski, and by 
such publications as Omni, in which 
science is exalted almost to the level 
of a religion. Modern occult beliefs, 
most of which have a pseudoscientific 
flavor, may be a sign of the public 
acceptance of science as an object of 
veneration. But science as a religion 
has certain drawbacks. It is remote 
and obscure, and thus the public 
turns to flying saucers, astrology, 
ESP, psychic healing, and the lik 
Wrong as these notions are, they may 
constitute a kind of “people’s 
science,” accessible to everyone, as 
astrophysics and molecular biology 
never can be. This may be analogous 
to the miracles, veneration of saints, 
and worship of relics which arose in 
the medieval church when the official 
theology became too arcane for the 
lay person to understand. 

Perhaps the best way to fight oc¬ 
cultism is to demythologize science 


science in such grandiose terms, 


Richard Embs 
Columbus, OH 


FORTODAY'S FACULTYAND COLLEGE STAFF MEMBERS* FROM18TO 80. 

Whether you're thinking retirement 
or not,review the plan that provides 
for cash withdrawal and/or a lifetime 
income. 


TIAA-CREF Supplemental Retirement Annuities 
(SRAs) offer you substantial flexibility including cash 
withdrawal an d/or lifetime retirement income. You 
can even reduce your income taxes now! 

You can begin contributions to an SRA at any age 
and begin benefits at any age up to age 71 unless you 
ar£ still employed (then you can delay beginning 
benefits until age 80). For example, you could start 
contributions at age 25, and choose to begin benefits 
or withdraw cash at age 34,40 or 50, regardless of 
your employment status. 

Get your money at any time. 

You can receive benefits as a lifetime income or over a 
fixed period of from 2 to 10 years. What's more, if you 
need it (even while employed by your current 
employer), you can withdraw all the money you have 
accumulated by surrendering your contracts. Or, you 
can withdraw $1,000 or more every six months. There 

is never a cash surrender charge. 

Contributions are tax-deferred, 

so you pay less income taxes now. 

The federal income tax on your contributions is 
deferred until they are paid to you as benefits. So, you 
pay less tax now. 

Changing employers? Take SRAs with you. 

Since you own your Supplemental Retirement Annui¬ 
ties, you take them with you if you leave your current 
employer. You can make contributions through any 
institution that makes Supplemental Retirement 
Annuities available to staff members. Contributions 
can be as little as $25 a month. 


Full information. 

Complete and mail the coupon for an SRA Information 
Kit today. You'll get full details about all the advan¬ 
tages SRAs have to offer, why this plan suits so many 
financial situations and age groups and how much 
you may contribute to the plan. 

♦TIAA-CREF provides annuities and other services for employees of 
colleges, universities, private schools and certain other nonprofit 
tax-exempt educational and research institutions. 


HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE 


...SEND FOR A FREE INFORMATION KIT. 



Please send me full details 
about TIAA-CREF Supplemen- 


fjexlbie tax-deferred annuity plan that offers the opportunity to accumu¬ 
late funds for additional retirement income and the option for cash 
withdrawal. ■ 


Teachers Insurance and 
Annuity Association ol 
America-College Retirement 
Equities Fund 
730 Third Avenue 
NewYork.N.Y. 10017 








Reddy Chirr a improves his vision 

with an Apple. 

Reddy is an optical engineer who’s 
used to working for big companies and using 

big mainframes. 

But when he started his own consulting 
business, he soon learned how costly main¬ 
frame time can be. So he bought himself a 



and scientists, quickly learned the pleasures 
of cutting down on shared time j^and hav¬ 
ing his own tamper-proof data W base. 

His Apple can kindle 

formulas with up to 80 vari- j S ■,-7 

ables and test parameters on 
250 different opticalglasses. 

He can even use BASIC, ^ 

FORTRAN, Pascal and Assembly languages. 

And Apple’s HI-RES graphics come in 
handy for design. 

Reddylookedatothermicrocomputers, 
butchose Apple forits in-depth documenta¬ 
tion, reliability and expandability. 

Ifou can get up to 64K RAM in an 
Apple ILIJp tol 28 KRAMinour newApplelll. 
And there’s a whole family of compatible 

peripherals, including an IEEE-488 bus for 
laboratoryinstrumentcontrol. 

Visit your authorized Apple dealer to 
findouthowfar an Apple can go with 
scientific/technical applications. 

It’ll change the way you see things. 

The personal computet l^pppkz 








FIRM-THEN READ WHY YOU TOO WILL CALL THIS 
INCREDIBLE MONEY RAISING MANUAL 


“THE SMALL BUSINESS BORROWER’S BIRLE” 

Practically prepares the loan application for you line-by*line...the “proper” way. 

All properly prepared applications are processed faster.,.no red tape! 

Guaranteed Loans...Direct Loans...and Immediate Loans are available now! 

Moat men and women seriously Interested In starting their own business are eligible to apply - Including those who already own a business and 
need capital fast for expanslon...or to stay afloat...even If they’ve been flatly refused by banks and turned down elsewhere! Yet, too, many nevei 
qualify, simply because they do not know how to “properly" prepare the loan application.., 


In order to help those people 
applying tor these guaranteed and 
direct loans fill out their loan 
applications the “right way," ICC 
Business Research, through its 
diligent compilation and research 
efforts, has successfully assem- j 
bled and published a compre- I 
hensive, easy-to-follow seminar ^ 
manual: The Money Raiser's 
Guaranteed and Direct Loans 
Manual, that will quickly show you 
practically everything you'll need 
to know to prepare a loan applica¬ 
tion to get federally Guaranteed 
and Direct Loans. 

Here are just some of the many 
Important benefits the Money 
Raiser's Guaranteed and Direct 
Loans Manual provides you with: 

• a completely filled in sample set 

ot actual SBA loan application 
lorms, all properly tilled In for 
you to easily follow—-aids you In 
quickly preparing your own 
loan application the right way. 
Each line on the sample appli¬ 
cation lorms Is explained and 
Illustrated In easy-to-under- § 
stand language. H 

• last application preparation | 

procedures lor getting loans lor | 
both new start up business i 

ventures and established firms. | 

• advises you on how (o properly | 

answer key questions neces- $ 
sary for loan approval and In | 
order to help avoid having your 
application turned down-gives 8? 

you advice on what you should | 

not do under any circumstances. | 

• what simple steps you take to | 
guarantee eliglbility-no matter 81 
If you do not presently quality. | 

• where you can file your appli- | 
cation tor fastest processing. | 
At this point the most important | 

question you want answered is | 
Just where is all this loan money 
coming from? Incredible as it may 
sound-these Guaranteed Loans, R| 
Direct Loans.and Immediate ffif 
Loans are indeed available righi m 
now - from the best, and yet. the 
most overlooked and frequently m 
the most ignored and sometimes Ijw 
outright ridiculed. "made-fun-of Ira 
source of ready money fast 
capital, m America - THE 
UNITED STATES GOVERNMENT 
Of course, there are those who 
upon hearing the words "UNITED 
STATES GOVERNMENT'' will 
instantly freeze up and frown and 
say 

" only minorities can get smalt 
business loan money from the 
government'!“ 

Yet on the othei hand (and 
most puzzling) others will rant on 
and on and on that 
". don’t even try. ifs j ust 
impossible — ail those Business 
Leans Programs are strictly lot 
the Chrysiers. the Lockheeds. the 
big corporations, not lor the tittle 
guy or small companies " etc 


■eIS 


mMm 

Itll 


Still there are those who 
declare: 


• GUARANTEE #1 * • GUARANTEE #2 4 


■Glare: ; uu«h«niecim 

"...I need money right now., .and • Simply — look over this most • # Even alter 15 days 
small business government loans # effective money raising loan •• how you are still strongly J 
take too dam long. It's impossible * preparation assistance manual • • protected - it you decide to 4 
to qualify. No one ever gels one of $ for 15 days — and, then, if you # * keep the manual — ami you J 

those loans." 4 ate not convinced that it can • # apply for an SBA Loan anytime | 

Or you may hear these • actually help you obtain the • # within 1 year your loan must * 

comments: J Business Loan you need right • • be approved and you must 4 

"...My accountant's junior l away - just return it lor a full J • actually receive the funds nr * 

assistant says he thinks it might be 4 and prompt refund, 4 * your money will bn refyodKifin J 

a waste olmytime!""Heck, there's *••••#•••••••••••••• 4 lull, * 

too much worriesome paperwork interested in helping you start a *vn'u KjAtVouV o 

and red tape to wade through!" busines5 , hat w m ma ke a | 0t „f TUU Ut I MU I J BUT 2 

Frankly - such rantings and money. It's to their advantage - CTDANG RlMniMf' 

ravings are just a lot of "bull the more money you make the ° , nul,u “•■'lUllNvi 

without any real basis - and only more they stand to collect in taxes, 

serve to clearly show that lack ot | n fiscal 1981, our nation's good old 


mowledge...misinformation...and generous "uncle 1 ' will either lend 


and not quite fully understanding 
the UNITED STATES GOVERN¬ 
MENT'S Small Business Adminis- 


ration's (SBA) Programs have sales procurement assistance, 
mlortunately caused a lot of Remember, It you don't apply lor 


interested in helping you start a ynil (TtPT KJAT 1 surq 
business that will make a lot of 1 uc 1 l “' w ' 1 1 “Li I l 

money. It's to their advantage - STRONG BINDING 
the more money you make the ° 1 
more Ihey stand to collect in taxes. 

In fiscal 1981, our nation's good old 


masw&m 

YOUR LOAN MUST 
ACTUALLY BE 
(APPROVED OB YOUR I 
MONEY BACK 


directly or guarantee Wiltons oI 
dollars in loan requests, along with 
technical assistance and even 


such a strong binding seldom- 
heard-ot Double Guarantee No 
stronger guarantee ppiilblei it 


ieople lo ignore what Is without a these available SBA funds ■ 
loubt - not only the most somebody else certainly will. 01 course, no one can 

nportanl and generous source of Don't lose out— now is the best tee that every request win bo 

nancing for new business start time to place your order for this approved - but clearly we an* 

'vn.n^l C0 , m P reh eDsive manual, It is not firmly convinced that any sound 

xpansions in this country but sold In stores. Available only by business request property pm- 

^hfr ld ^ mail through this ad, directly from pared - showVngVSdn,^ 

hnnt (ha i tnitorf gfatM, bu ICC Buslness Research, the ex- chance of repayment ana submit- 

SsSBA U fi£^p S rnrrL G0V . e 3 Tfl f 1111 .* 8 Pl j bll8,ler ' 3t jUSl 3 Smal1 tfld 10 SBA «« ^ approved 

tent s SBA Loan Program-take traction of what it would cost for Only because we are 90 ' , cn*>d»"r 

0 ;Xr en,Sandread,he lbe services of a pmate loan IhatthisisafactdowSi;* 

Oniv q !% nt i n , n . il dvisor 0r , ,0 altend a serninar such a stron 9 binding scKfom- 

wereactuallymadetominorltes BK. amazing Guaran- lEgtr' po»tW*- H f 1 

'?mil| S b A uslnes?Tctually a 

applies to 97% ot a I £ Z* BU T SS Lm Seminar 100% "* « • hittWM 
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Advertisement 

Forming A Corporation 

Not Just For The Wealthy 

With a small, one-person business, the advantages can be tremendous 


Maybe you think forming your own corpo¬ 
ration is just for the rich, Many people be¬ 
lieve that. But it’s just not true. Nearly all 
wealthy people own corporations. But any¬ 
one can form one at surprisingly low cost, 
Thanks to a revolutionary new method, 
you can set up your own corporation without 
expensive lawyers, all by mail and without 
ever leaving home, And it’s 100% safe, ethi¬ 
cal, and legal. 

Your own small corporation is our coun¬ 
try’s number one way to financial success. 
This year the IRS tells us there will be at least 
5,000 new millionaires. Over 95% of them 
built their fortunes through a privately owned 
corporation, Therefore, a successful, pri¬ 
vately owned corporation represents the best 
of the American Dream. 

And you don’t need a big staff or big 
money. 

Most corporations are started with little or 
no capital, and with only one employee-the 
owner. 

A business revolution has occurred in re¬ 
cent years, Nearly half a million people have 
already been helped in forming small corpo¬ 
rations with the aid of a remarkable book. It’s 
called: How To Form Your Own Corporation 
Without A lawyer For Under $50 by Ted 
Nicholas. It’s now in its fully revised and 
updated 12th edition. And now you can get 
your own personal copy to examine-without 
risk-to learn how a corporation applies to you 
and how you can reap maximum benefits. 

Most men and women who have used the 
incorporation system outlined in the book are 
simple one-person business operations. 
These businesses were often started on a part- 
time basis by people right in their own homes, 
You’ll save from $300 to over $2,000 in 
unnecessary legal fees by the do-it-yourself 
simplified method. Tear-out forms are right 
in the book; certificate of incorporation, mi¬ 
nutes, by-laws, everything you need, And 
you can complete the forms in less than five 
minutes! 

You too can start your small business 
corporation in your spare time while you keep 
your present job, Another possibility is that 
you may be able to turn yourpresent job into a 
corporation of your own, And you 11 be 

shown exactly how to do this. 

Your own corporation gives you personal 
protection. Your personal liability will be 
limited just to what you put in the corporation 
itself. Your home, furniture, cars, and per¬ 
sonal cash are all protected in the event of any 
business disaster. 

You’ll see how to begin with little or no 


capital-zero capital, if you prefer, 

All you need is a marketable idea, product 
or service. Then your potential for building 
real wealth is enormous. Ted Nicholas’ re¬ 
markable book will help trigger many new 
ideas. 

Your own corporation can be used as a 
personal tool to gain all types of legitimate tax 
deductions, It will become the ultimate tax 
shelter for you. For example, a new car pur¬ 
chase or lease is tax deductible over the life of 
the car, So are gasoline expenses and repairs, 
The same goes for other equipment used in 
your business, There are hundreds of legal 
tax deductions, 

If you have an office at home, you can pay 
rent to yourself and get tax deductions for 
doing so. 

You may choose to set up a lucrative pen¬ 
sion and profit-sharing plan with yourself as 
the main beneficiary. You can gain far great¬ 
er benefits than unincorporated people do, 

As an owner of a corporation, you’ll have 
plenty of company, Over 30,000 new ones 
are formed each and every month. Ninety- 
eight per cent of them are small businesses, 
often just one individual working from home. 

We live in a land wherein the corporation is 
king, Even the government recognizes this. 
To encourage small business expansion, the 
tax on small corporations was recently re¬ 
duced to only 17% of up to the first $25,000 
in income, And this is after all the tax deduc¬ 
tions have been taken, 

As attractive as it is, incorporation is not 

Reader and Reviewer Comments 
about this remarkable book: 

“Would have been deterred from incorporat¬ 
ing if we had to use normal routes and 
expenses.” 

Michael G. Bate 
Independent Carpets of America, Inc. 

Rochester, NY 

“This book succeeds...because if fills a real 
need. Brought public information that previ¬ 
ously had to be bought from an attorney. 

Publisher’s Weekly 

“Anyone thinking of incorporating...should 
not skip any pages,” 

Sacramento Bee 

1 'Impressed by speed, efficiency and cost , ” 

Roger Beardwood 
Woodcat Investments, Inc, 
France 
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for everyone and may not be for you. How¬ 
ever, the book will help you decide if it would 
be advantageous for you now or perhaps la¬ 
ter, All the advantages and disadvantages are 
reviewed. If you decide to incorporate, it can 
be done by mail within 48 hours. You never 
have to leave the privacy of your home. 

The author started his business without any 
capital at the age of 22. Without credit or 
experience, he raised $96,000 to begin a con¬ 
fectionary business. From that starting point 
•grew a chain of 30 stores. At the age of 29, he 
was selected as one of the outstanding busi¬ 
nessmen in the nation. This resulted in an 
invitation to the White House to meet the 
President. 

, He wrote the book How To Form Your 
Own Corporation Without A Lawyer For Un¬ 
der $50 because he felt many more people 
could become corporate presidents of their 
own companies. The book has become the 
largest single source of new corporations in 
America, 

Just picture yourself president of your own 
corporation. The book gives you the informa¬ 
tion you need to make your decision. 

As a bonus for ordering the book now, 
we’ll send you absolutely free a portfolio of 
valuable information. It’s called “The In¬ 
come Plan’’ and normally sells for $9.95. It 
describes a unique plan that shows you how to 
convert most any job into your own corpora¬ 
tion, You’ll increase your take-home pay by 
up to 40% without an increase in salary or 
even changing jobs in many cases. 

If you are an employer, leam how to op¬ 
erate your business with independent con¬ 
tractors rather than employees. This means 
that you'll have no payroll records or with¬ 
holding taxes to worry about. And you’ll be 
complying with all IRS guidelines, “The In¬ 
come Plan”, includes forms, examples and 
sample letter agreements to make it possible. 

As publishers, we guarantee your purchase 
in the fairest way known, If you feel the book 
is not all that we’ve described, return it un¬ 
damaged within two weeks and we’ll prompt- 
ly.and courteously refund your money. If you 
should decide to return it, you may keep the 
bonus, “The Income Plan”, for yourtrouble, 
To get your copy, write the words “Corpo¬ 
ration Book and Bonus" on a plain sheet of 
paper, along with your name and address. 
Enclose a check or money order for $14.95. 
There is no sales tax on your order and your 
purchase price is tax deductible. Mail your 
order to Enterprise Publishing, Inc., Dept, 
AS-17C, 725 Market Street, Wilmington, 

Delaware 19801, 
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The Enhancement of Soil Fertility 
by Plant Roots 

Some plants, often with the help of microorganisms, 
can chemically modify the soil close to their roots in 
ways that increase or decrease the absorption of 
crucial ions 



To grow and flourish, the roots of 
plants must penetrate the porous soil 
matrix and absorb the essential nu¬ 
trient elements—nitrogen, phos¬ 
phorus, potassium, calcium, magne¬ 
sium, sulfur, boron, copper, manga¬ 
nese, iron, zinc, and molybdenum. 
The need for these elements by plants 
and by other organisms in the food 
chain is absolute. With less than op¬ 
timal amounts of one or more of 
them, the tissues of a plant may be¬ 
come stunted, discolored, and corre¬ 
spondingly less productive. As sus¬ 
tenance for other organisms, the de¬ 
ficient plant may then be of inferior 
quality. The importance of plant nu¬ 
trition in the production of food, 
feeds, fibers, and renewable fuels as 
well as of many medicinal, ornamen- 
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tal, and industrial products is readily 
apparent. 

Under the usual unsaturated condi¬ 
tions in soil, thin films of solution 
bathe plant roots and the surround¬ 
ing soil particles. The films and the 
solid-phase surfaces in the proximity 
of the root are referred to as the rhi¬ 
zoplane. The composition of the 
rhizoplane, particularly with regard 
to soluble components, plays a crucial 
role in determining the rate of ab¬ 
sorption of nutrient ions by roots 
(Olsen 1968). The loss of metaboliz¬ 
able organic compounds from the 
roots can enhance microbial activity 
in the rhizoplane, and at least some of 
these microorganisms are thought to 
play important roles in altering the 
composition of the rhizoplane to the 
mutual benefit of microorganism and 
plant. 

Certain algae and fungi—the li¬ 
chens—may survive in symbiotic 
forms on the surfaces of very insolu¬ 
ble minerals comprising granitic rock. 
The rock serves as a source of the es¬ 
sential nutrient elements only to the 
degree that ions can be solubilized 
and absorbed by the lichens. Simi¬ 
larly, components of the solid phase 
of a soil determine soil fertility only to 
the degree to which they influence the 
composition of solution in the rhizo¬ 
plane. The total amount of each nu¬ 
trient element in a soil generally ex¬ 
ceeds by a large factor the amount 
required by growing plants. 

Plants have narrow tolerance limits 
for certain nutrients. Eaton (1944), 
for example, found that a concentra¬ 
tion of about 0.04 ppm boron is re¬ 
quired in the ambient solution of 
many plants, whereas a concentration 
of about 1 ppm can be injurious. Low 


concentrations of other elements, 
particularly heavy metals, may also 
be detrimental to plants and other 
organisms in the food chain. Concern 
has accordingly been expressed re¬ 
garding the addition of heavy metals 

such as lead, copper, mercury, and 
cadmium to soils either intentionally 
as pesticides or unintentionally as 
urban, mining, or industrial wastes 
(Brown and Jones 1975). 

In virtually all soils the growth of 
plants is limited to some degree, and 
often to a very significant degree, by 
infertility. The infertility might be 
due to lack of one or more of the es¬ 
sential nutrient elements in soluble 
form or to undesirably high levels of 
salt or particular elements such as 
aluminum, boron, or heavy metals. 

The fact that soils are very heteroge¬ 
neous is of special relevance. Soils are 
derived from rocks and minerals of 
highly variable chemical composition. 
These materials have been exposed to 
weathering processes of varying in¬ 
tensities and for widely differing pe¬ 
riods of time. Vegetative cover on the 
soils imposes still another extremely 
variable weathering factor through 
centuries of time, and, in fact, a small 
but important percentage of soil 
(usually 1-10%) consists of plant 
residues in various stages of decom¬ 
position. In highly weathered soils, 
soluble salts have been effectively 
leached out and carried away to the 
sea, leaving behind the more resistant 
aluminosilicate minerals. In poorly 
weathered soils, minerals of inter¬ 
mediate solubility such as calcium 
carbonate (in calcareous soils) are 
commonly present, and in arid re¬ 
gions even salts of the alkali metals 
(in saline soils) are sufficiently 
abundant to be visible. On a scale of 
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Figure 1. A field of sorghum (Sorghum bicolor ) Some individual plants within the iron-defi- 
in eastern New Mexico shows marked contrast dent microhabitat are green owing to an en- 
between the plants in the foreground growing haneed capability of these plants to solubilize, 
in iron-deficient soil and those in the back- absorb, and utilize iron from the soil. (Photo 
ground growing in soil with sufficient iron, courtesy of L. Cihacek.) 


only a few meters, soils often exhibit 
significant gradations in chemical and 
physical properties, particularly if 
altered by disruptive activities of 
man. Soil variability, as made readily 
apparent by the plants growing on the 
soil, is illustrated in Figure 1, 

Adaptation and plant 
diversity 

The diversity found in soils is 
matched, if not exceeded, by an ex¬ 
tremely great diversity in over 
250,000 plant species ranging from 
African violets to redwood trees and 
in varieties within each species. The 
large number of environmental mi- 
crohabitats on the earth differ not 
only with respect to type of soil but 
also with respect to temperature, 
precipitation, incident radiation, day 
length, competing flora and fauna, 


and other factors. Plants with suit¬ 
able characteristics survive and, to 
varying extents, flourish in the unique 
microhabitat with which each is most 
compatible (Dobzhansky 1950). The 
adaptations that serve as keys to 
survival might be readily apparent 
morphological features such as waxy 
coatings on leaves or subtle capabili¬ 
ties at the molecular level. Wild 
plants with unique adaptations for 
thriving in certain microhabitats may 
be some of our most potentially 
valuable and least appreciated natu¬ 
ral resources. 

The diversity among plant species has 
been recognized for many years. The 
diversity in chemical behavior among 
varieties within a species has been 
recognized only recently (Brown 
1956). During their competitive 
struggle through eons of time, each 


species has become programmed ge¬ 
netically to maximize odds for sur¬ 
vival. This process apparently in¬ 
volved the development of varieties 
with unique chemical capabilities. 

When man became involved in the 
cultivation of plants, the prime ob¬ 
jective and long-range strategy were 
changed to a very significant degree. 
Above all else, man wanted to maxi¬ 
mize odds for high yields. Maximiz¬ 
ing odds for survival was of lesser 
concern, because man was willing to 
modify the environment by whatever 
means were necessary to attain high 
yields. The strategy employed ac¬ 
cordingly hinged upon two underly¬ 
ing approaches—(1) selection and/or 
development of varieties with maxi¬ 
mum genetic yield potential and (2) 
alteration of the microhabitat by 
chemical or physical means to induce 





the plants to yield as much as pos¬ 
sible. 

Through selection and plant-breed¬ 
ing techniques, highly productive 
varieties of many valuable crop 
species have been developed. Yields 
have increased significantly and in 
some instances dramatically, as in the 
“Green Revolution” (Chou et al. 1977; 
Paddock 1970). The degree to which 
yields have approached the genetic 
potential is largely due to the use of 
commercial fertilizers. To a lesser 
degree high yields of today are due to 
irrigation, disease-resistant varieties, 
herbicides, pesticides, mechanization, 
and improved cultural and manage¬ 
ment practices. Can the traditional 
approaches toward maximizing yields 
be continued more or less indefinite¬ 
ly? Is this the best long-range strate¬ 
gy? Or are serious limitations and 
hazards involved? 

Limitations of traditional 
agriculture 

The cultivation of a limited number 
of varieties may fail to take advantage 
of genetic diversity that the species 
contains. Characteristics other than 
yield potential may be of equal or 
greater long-range significance. One 
variety or species grown over a wide 
area may be far more susceptible to 
disease, insects, frost, nutritional 
disorder, and other hazards than a 
mixture of many plants. The infa¬ 
mous potato famine in Ireland, for 
example, was caused by disease 
sweeping through a monoculture. 
Focusing attention on a few plant 
varieties may make others with 
valuable and unique characteristics 
more subject to extinction from ur¬ 
banization, overgrazing, burning, 
deforestation, accelerated erosion, use 
of herbicides, and other dangers. 

To change the overall physical or 
chemical properties of soil signifi¬ 
cantly, quantities of chemicals of the 
order of a few kilograms to several 
thousand kilograms per hectare (to 
lime an acid soil, for example) are 
required. If applied to millions of 
hectares, costs in terms of money, 
labor, and resources are staggering. 
About 3,2 billion hectares of land on 
earth are potentially arable (Chou et 
al. 1977). In order to make use of a 
fertilizer (say, 10-100 kg/ha), miner¬ 
als must typically be mined, pro¬ 
cessed, transported, and applied to 
the soil. And, unfortunately, the 
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benefits from fertilizers or other 
chemicals are only temporary. 

Furthermore, mineral deposits in the 
earth are finite. The limited nitrate 
deposits have been exhausted. Some 
high-grade deposits of certain other 
minerals—phosphates, for exam¬ 
ple—are nearly exhausted, Possible 
environmental deterioration, espe¬ 
cially at high levels of chemical usage, 
includes eutrophication of streams, 
lakes, and other aquatic systems, 
particularly from the use of nitrogen 
and phosphorus fertilizers; unin¬ 
tended contamination of the envi¬ 
ronment by nonselective pesticides or 
heavy metals; damage to the ozone 
layer of the upper atmosphere from 
oxides of nitrogen resulting from 
denitrification of nitrogen fertilizer 
(Gabel 1979); and development of 
resistance to pesticides by some or all 
pests.. 

Many farmers, particularly the poor 
of underdeveloped countries, cannot 
afford commercial products for 
chemical modification of the envi¬ 
ronment of plants. Long-term pros¬ 
pects are for costs to escalate, while 
the profit incentive will probably 
continue to make these products in¬ 
creasingly inaccessible to those who 
need them most urgently. 

The fertilizer industry is highly en¬ 
ergy-dependent. Annual use of fos¬ 
sil-fuel energy for production of fer¬ 
tilizer in the United States is esti¬ 
mated to be 125 X 10 12 kcal, while 
total energy input into agricultural 
production in this country is esti¬ 
mated at 2,170 X 10 12 kcal per year 
(Gabel 1979). A hard-working human 
consumes about 1.27 X 10 6 kcal per 
year; thus fossil fuel used in U.S. ag¬ 
riculture is the energy equivalent of 
about 1.7 billion slaves. The trade-off 
of fossil fuels for high yields will be 
feasible only as long as prices for 
fossil fuels are sufficiently low relative 
to prices of food, feed, fiber, and other 
agricultural commodities. It will be 
possible only as long as fossil fuels 
last (a few hundred years at most) 
unless alternative energy sources be¬ 
come available. 

Current concern over food shortages 
and malnutrition prompted a recent 
editorial (Cousins 1980) in which use 
of the trillion barrels of shale oil re¬ 
serves in the United States is recom¬ 
mended for fertilizer production, 
desalination, and other agricultural 


practices oriented toward traditional 
strategies of increasing crop produc¬ 
tion. This well-intentioned approach, 
of course, even if feasible, can provide 
only a temporary solution for the 
problem. Are there other options 
worthy of consideration? 

An organism is influenced only by the 
environment in its immediate prox¬ 
imity and only indirectly by the 
macroenvironment. In order for a 
plant to grow, we do not have to sat¬ 
urate the entire soil with water; we 
only have to provide a small amount 
of water close to the roots (trickle ir¬ 
rigation). In order for a soil to be fer¬ 
tile, we do not have to mix fertilizer 
throughout the entire profile; we only 
have to provide a small amount of 
fertilizer of the proper kind dose to 
the roots (side dressing). 

Living plants apparently "recog¬ 
nized” the virtues of modifying only 
their microenvironment in coping 
with nutritional problems long before 
man became involved with his crude 
methods. Certain plants apparently 
have an innate capability of sensing 
nutrient stress. They operate a so¬ 
phisticated mechanism at the mo¬ 
lecular level for alleviating the stress. 
They enhance soil fertility precisely 
at the root surface without altering 
the remainder of the soil, They have 
a finely tuned biofeedback control 
switch that provides optimum benefit 
with a minimum of energy cost to the 
plant. The details of one of these 
mechanisms, the iron stress-response 
mechanism, will be the subject of the 
remainder of this article. 

Efficient and inefficient 
plants 

As early as 1956, Brown had shown 
that different varieties of the same 
species of plant might differ dra¬ 
matically with regard to their ability 
to utilize iron from soils of low iron 
availability. Figure 2 shows two vari¬ 
eties of tomato plants (Lympmimn 
esculentwn) that were grown side- 
by-side in the same sample of calcar¬ 
eous soil. The “inefficient” variety <m 
the left was unable to absorb ade ¬ 
quate iron from the soil; it was se¬ 
verely stunted and chlorotic (yellow 
m color due to lack of chlorophyll) 
and was nearly dead at the time the 
picture was taken. The “efficient” 
variety on the right was able toalisorb 
sufficient iron, even from this ex¬ 
tremely iron-deficient soil, to retain 


a green color and maintain normal 
growth. Some of the underlying rea¬ 
sons for the marked difference in be¬ 
havior of the two varieties are now 
understood. 

The amount of iron required by a 
typical crop during a growing season 
is approximately 5-10 kg/ha. Most 
agricultural soils contain more iron 
than this by many orders of magni¬ 
tude. Thus plants that become defi¬ 
cient in iron are literally starving in 
the midst of abundance. The key to 
this enigma is solubility. 

The hydrous ferric oxides (the red¬ 
dish-brown material commonly seen 
in soil) are among the more prevalent 
forms of iron in soils. Solubility of 
these extremely insoluble compounds 
can he considered by writing the re¬ 
action 

Fe(OH)n« Fe 8+ + 30H“ (1) 
and the solubility product equation 



Figure 2. Tomato plants (Lycopersieon escul- right showed normal green color and growth 

mlum) show marked varietal differences in behavior, while the inefficient variety on the 
their ability to utilize iron from an iron-defi- left was severely chlorotic, yellow, and stunted 
cient soil, These two plants were grown in the from iron deficiency, 
same sample of soil, The efficient variety on the 


K s|) = 2 X lO” 80 = [Fe 3+ ][OH“] 3 (2) ‘ 

At a representative soil pH of 7.0 
((OH"] = 10" 7 ), the calculated value 
fur Fe :i+ is 2 X 10“ 18 M, The minimal 
concentration of iron required for 
reasonably normal growth of plants is 
reported to be about a billion times 
this value (about 10" 9 M) (Schwab 
and Lindsay 1980). Under less fa¬ 
vorable conditions, the minimal 
concentration is undoubtably higher 
than 10"° M. Thus, in order to grow 
and thrive in a soil, a living plant ap¬ 
parently has to have a means for so¬ 
lubilization of iron. 

Iron stress-response 
mechanism 

Research findings indicate that effi¬ 
cient varieties of plants have a so- 
called stress-response mechanism at 
their disposal for the solubilization of 
iron (Brown 1956,1963, 1978; Mar- 
achner 1978; Marschner et al, 1974). 
At the time the plant becomes 
stressed (i.e., deficient in metaboliz¬ 
able iron), as evidenced by yellowing 
of young terminal leaves, the roots are 
able to acidify the ambient medium. 
In nutrient solutions, the pH has been 
observed to decrease from above 7.0 
to a value of 3.7 within a period of a 
lew hours (Fig. 3 ). Eq. 2 allows us to 
calculate that a decrease of 3 pH units 
can cause an increase in [Fe 3+ ] by a 
factor of a billion. Thus, acidification 
of the root environment is apparently 
one of the means used by plants to 


solubilize iron. The acidification is 
thought to be restricted to the rhizo- 
plane because adjacent plants receive 
little or no apparent benefit. 

As the ambient medium is acidified 
by roots of efficient plants, com¬ 
pounds capable of reducing Fe 3+ 
concomitantly move through the pe¬ 
ripheral barriers of the roots into the 
ambient medium (Fig. 3) (Marschner 
et al, 1974). Enough is known of one 
of these phenolic compounds, which- 
include caffeic acid and its deriva¬ 
tives, to be able to write the repre- 



Days 

Figure 3. Some plants have an iron stress-re¬ 
sponse mechanism that can cause, marked 
changes in the plants’ uptake of iron within a 
few hours (see Fig. 6). The decrease in pH of 
the nutrient solution supporting the plants 
(gray) is accompanied by an increase in con¬ 
centration of reductant in solution [black). 
Data are for the sunflower (Helianthus annus 
U (After Marschner etal. 1974.) 


sentative reaction shown in Figure 4 
depicting its formation and crucial 
role in reducing Fe 3+ to Fe 2+ (Olsen 
etal., in press). Para-coumaric acid (a ■ 
nonreductant for Fe 3+ ) is enzymati¬ 
cally hydroxylated to caffeic acid, 
which effectively reduces Fe 3+ as 
shown in the figure. In this way, the 
solubility of iron is greatly enhanced 
since Fe(OH) 2 (K 8p = 8 X 1G" 6 ) is 
much more soluble than Fe(OH) 3 . 

Microorganisms deficient in iron have 
been shown to produce siderophores 
and exude them into their ambient 
medium (Emery 1974). The sidero¬ 
phores are chelates with very high 
stability constants for Fe 3+ and low 
stability constants for Fe 2+ . Micro¬ 
organisms use the siderophores to 
solubilize iron. Their iron metabolism 
is enhanced by preferentially ab¬ 
sorbing the intact chelated molecule 

containing Fe 3+ . Recent evidence 
indicates that the concentration of , 
hydroxamate siderophores in soils is 
about 10" 8 ~10" 7 M (Powell et al. 
1980). This concentration is high 
enough to affect the iron concentra¬ 
tion significantly, and it may be even 
higher in the microbially enriched 
rhizoplane. 

Higher plants apparently have an 
ingenious means for competing with 
microorganisms for the chelated Fe 3 * 
in solution; they reduce the Fe 3+ to 
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of unusually high concentrations of 
extraneous ions in the ambient me¬ 
dium of the roots can also induce iron 
chlorosis in susceptible plants (Brown 
et al. 1955; Lingle etal. 1963). Refer¬ 
ences are made in the literature to 
phosphate-induced and copper-in¬ 
duced iron deficiency as well as to 


p-coumaric acid caffeic acid 


Figure 4, When stressed by lack of iron, the 
efficient plant is able to introduce reductants 
into the root medium which enhance the solu¬ 
bility of iron, One of the reductants is caffeic 
acid. Roots of the tomato plant convert the 



Figure 5. The orthodihydroxy phenols are able 
to chelate iron and thereby enhance its solu¬ 
bility. 


caffeoyl-o-quinone 

precursor (p-coumaric acid) enzymatically 
(p-coumarate hydroxylase) to caffeic acid, 
which is able to reduce Fe 3+ to Fe 2+ , as shown 
here, and thereby improve the solubility of 
iron. 


workers (Marschner 1978; Marschner 
et al. 1974), when the stress-response 
mechanism is actively functioning, 
the rate of iron uptake by the plant 
markedly increases (Fig. 6). The ef¬ 
fects, however, are only temporary. 
Within a few hours after the mecha¬ 
nism has been triggered and is func¬ 
tional, the pH of the ambient medium 
returns to about neutral, and the re¬ 
ductants disappear from solution in 
accordance with the reaction in Fig¬ 
ure 4. The chlorotic terminal leaves 
regreen within a day or so, with little 
or no apparent ill effect. Thus the 


many other causative factors (Brown 
et al. 1955; Lingle et al. 1963). At least 
a partial explanation for the induc¬ 
tion of iron deficiency by extraneous 
ions lies in the fact that these ions 
(phosphate, copper, hydroxide, ami 
others) inhibit the formation of Ftr* 
by root reductants (Olsen and Brown 
1980b). In the presence of inhibitors, 
the rate of uptake of Fo 2 * by the 
plants is markedly decreased (Little 
et al. 1963). The chlorosis-induriitg 
effect may be partially due to com¬ 
petition or other factors. 

After being absorbed by plant root*, 
Fe 2+ is detectable, by colorimetric 
techniques, up to the metaxykm; 
beyond there it apparently is in the 
Fe 3+ form (Fig. 7). The Fe a+ is sub¬ 
sequently transported primarily m 
chelated ferric citrate through the 
conducting tissues of the plant (Clark 
and Brown 1973). Evidence indicate* 


response mechanism can be turned on that prior to incorporation of iron into 


and off; it may be utilized again at a metabolic products (porphyrins, hi* 
later time to meet the iron require- zyme systems, etc.) or utilization in 


ments of the plant (Olsen and Brown other ways, the Fe 3+ must be again 


Fe 2+ and thereby greatly enhance 
their odds of being able to absorb the 
solubilized nutrient. A key finding in 
support of this conclusion was pro¬ 
vided by Chaney and Brown (Chaney 
et al. 1972), who demonstrated that 
iron is absorbed by plant roots pri¬ 
marily, if not entirely, in the uncom- 
plexed Fe 2+ form. In correcting iron 
chlorosis, chelates apparently func¬ 
tion by making soluble iron physically 
accessible to root surfaces; chelates in 
the root medium which bind Fe 2+ 
may actually compete with the up¬ 
take mechanism for iron. 

The orthodihydroxy phenols pro¬ 
duced by plant roots also exhibit 
some tendency to chelate ionic species 
of iron (Traube and Stumpf 1935), as 
shown in Figure 5. The formation and 
introduction of these compounds into 
the ambient medium during stress 
accordingly provides an additional 
way in which iron can be solubilized 
in proportion to their concentration 
in the rhizoplane. 

As shown by Marschner and co- 
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1980a), 

Iron chlorosis has multiple causes and 
is not solely due to insufficient iron in 
the plant. For example, the presence 



Days 

Figure 6. When the efficient plant is stressed 
by insufficient iron, the pH of the nutrient so¬ 
lution supporting the plant decreases (gray), 
This decrease is accompanied by an increase in 
reductant in solution, as shown in Fig, 3, and 
by a marked increase in absorption of iron by 
the plant, as evidenced here by the increase in 
concentration of Fe-59 in the plant exudate 
(black). Data are for the sunflower, (After 
Marschner etal. 1974.) 


reduced to Fe 2+ (Moore and Goldb-rg 
1974). Thus, chlorotic plant tissue 
may contain an much total iron per 
unit weight as healthy green tissue if 
there is an insufficient amount «if 
Fe 2+ in the tissue (Olsen and Brown, 
in press). How is the reduction of 
Fe 3+ to Fe 2+ accomplished in vivo?. 

Recent research indicates that IV* 
may be reduced to Fe 2+ by a photo¬ 
chemical reaction induced by light in 
the blue to ultraviolet range (OI-hs 
and Brown, in press). The reduction 
has been shown to be inhibited by 
phosphate, pyrophosphate, cupric 
ions, hydroxide, and, to a lesser ex¬ 
tent, other ions known to induce or 
aggravate the chlorotic condition. 
Citrate and certain other organic 
acids commonly found in plants, bn 
the other hand, enhance the reduc¬ 
tion of Fe 3 + to Fe 2+ , undergoing de¬ 
carboxylation reactions in the pro¬ 
cess. Citrate accordingly serves a dim! 
role in iron nutrition—first, as a 
transporting agent for Fe :H , and, 
second, in enhancing reduction of 
1 e 1 m a photochemical reaction in ¬ 
duced by sunlight. 


) 


Avoiding and correcting 

nutrient stress IMBF" ~ 

The evidence to date clearly indicates ■HBr v * v 

that efficient varieties of plants have Wmff f' 

inheritable chemical mechanisms at ■# V' wjBjfl Kv 

their disposal to avoid or correct iron ms IH Ek 

chlorosis. Their activities, intrigu- 1 m Bfcr 

iiigly, parallel those of man. They II 11 

have: (1) means to “mine” and solu- ftl IH j 

bilize iron in the earth, (2) an appro- HI JH I , 

priate transportation system for de- ■& / MM 

livery of the solubilized iron to “uti- HL / JH 

lizaiion terminals” in the tissues, and ggg. , iJm 

(3) a sophisticated photochemical HBji: 
pr* icess for conversion of Fe 3+ to the 
usable Fe a+ form. In contrast to the 

clumsy, environmentally objection- ^HWIBIBHI -- 

al)le, and costly efforts of man, plants 7 _ Siteg of reduction 0 f p e a+ 10 Pe 2 + are tant. In the picture at the right, a longitudinal 

manage to solve their iron nutrition j nd j ca j. ed d y Jgi.k areas ( ,n young lateral section of a primary root and young lateral 
problems at no cost in terms of min- roots and the region between elongation and roots of an efficient tomato plant reveal the 
oral deposits, time, pollution, energy maturation on the primary root of an efficient channel of transport of iron from the protoxy- 

or human effort In fact iron tomato plant (of the left of the dish). The root lem into the metaxylem of the primary root, 
reserves, or nu nan enori, m iaci, iron (Fro m Brown and Ambler 1974.) 

nutritional disorders are currently 
being avoided m selected crop plants 
simply by using efficient varieties in 
soils where iron chlorosis is a poten¬ 
tial problem. 



To what extent will the findings re¬ 
ported here prove to be true for all 
plant species? Brown and Olsen have 
found that dicotyledonous plants are 
generally more efficient in coping 
with iron deficiencies than mono- 
cotyledonoua plants (Brown and 
Olsen 1980; Olsen and Brown 1980a 
and b). Marked varietal differences in 
efficiency have been found in soy¬ 
beans, snap beans, tomatoes, sun¬ 
flowers, oats, corn, and sorghum. 
There is no reason to doubt that 
comparable varietal differences will 
be found in other plant species. 

The iron stress-response mechanism 
is not the only chemical means plants 
use to prevent or correct their own 
nutrient deficiency and toxicity 
problems. Nitrogen deficiency is 
probably the most widespread nu¬ 
tritional disorder in plants. Legumi¬ 
nous plants have the ability to es¬ 
tablish a symbioticrelationship with 
nitrogen-fixing microorganisms in 
root nodules. These organisms can 
convert gaseous nitrogen (N 2 ) of the 
atmosphere into forms of nitrogen 
that can be used by the host plants. 
Research is underway to make more 
effective use of the beneficial micro¬ 
bial capability for solving nitrogen 
nutrition problems (Chou et al. 1977; 
Brill 1979). 

Phosphorus deficiency is probably 


the second most prevalent nutritional 
disorder. Plant species are known to 
differ widely in their capability to 
dissolve phosphate minerals and 
make the phosphate available (Fried 
1953). Whether or not significant 
varietal differences exist is largely 
unknown, Mycorrhizae (a symbiotic 
fungus-root association) are being 
investigated as a promising means for 
solving phosphorus nutrition prob¬ 
lems (Hayman 1980), Hyphae of the 
fungi have been shown to facilitate 
transfer of phosphate ions from labile 
forms of phosphorus in soil to root 
surfaces of the plants. The mycor¬ 
rhizae also show some promise for 
enhancing absorption of copper and 
zinc by plants and for increasing plant 
tolerance of aluminum, manganese, 
and salt (Hayman 1980). 

In contrast to the iron deficiency that 
may be caused by aerobic conditions 
in most soils, iron toxicity may occur 
under anaerobic conditions. In 
flooded soils, ponds, and other 
aquatic media, for example, plant 
roots may be subjected to exception¬ 
ally high levels of certain irons—, 

notable divalent iron (Fe 2+ ) or man¬ 
ganese (Mn 2+ )-~that are formed 
from the less soluble oxidized forms 
of these elements. Rice plants in 
flooded soils have been shown to ox¬ 
idize the Fe 2+ to Fe 3+ at the periph¬ 


ery of the root and thereby avoid Fe 2+ 
toxicity (Green and Etherington 
1977; Ponnamperuma 1976). This 
ability is made possible by transport 
of gaseous oxygen (O 2 ) from aerial 
parts of the plant to the roots and by 
the associated capability of raising 
the oxidation-reduction potential. 
The effect is sufficiently pronounced 
that brown coatings of iron oxides are 
clearly visible on the roots. 

Crop plants are typically affected in 
an adverse way by low soil pH (high 
acidity). A common cause of the ad¬ 
verse effect is aluminum toxicity (Foy 
et al. 1967), a less common cause is 
manganese toxicity. In recent years 
marked differences in ability to tol¬ 
erate aluminum have been noted 
among varieties of barley, wheat, rye, 
triticale, corn, rice, sorghum, millet, 
and oats (Reid 1976). Evidence indi¬ 
cates that the tolerant varieties have 

an enhanced capability to raise the 
pH (lower the acidity) of the rhizo¬ 
plane and decrease the concentration 
of Al 3+ by precipitation (Foy et al, 
1965). Interactions with phosphate 
are also involved in the response to 
Al 34 " stress. 

Saline soils and some water used for 
irrigation contain excessive soluble 
salts which adversely affect crop 
plants. In some situations the injury 

1981 July-August 383 



is aggravated by toxic levels of spe¬ 
cific elements, such as boron, or by 
alkaline conditions. Mechanisms 
employed by plants for tolerating 
salinity are subtle and numerous 
(Maas and Nieman 1978). Known 
differences in salt tolerances among 
species are common, but varietal 
differences have not received ade¬ 
quate attention, In wild species 
growing in saline habitats, salt toler¬ 
ance is a fairly prevalent character¬ 
istic. Some progress has been made in 
identifying resistant varieties of 
barley, tomatoes, and wheat and in 
crossing salt-resistant varieties of 
tomatoes with varieties that have 
greater yield potential (Epstein 
1976), 

The capability of plants to solve their 
own nutritional disorders has been 
shown to be an inherited character¬ 
istic. Joint research efforts with 
physiologists, plant breeders, bio¬ 
chemists, and geneticists in identi¬ 
fying existing varieties with desirable 
genetic characteristics and in devel¬ 
oping new varieties with improved 
capabilities or better blends of several 
desirable capabilities should be 
high-priority objectives for the future. 
Results from relatively limited pi¬ 
oneering research efforts are very 
promising. The prospects of mini- 
. mizing energy and fertilizer demands 
with less environmental deterioration 
and of improving the productivity of 
various soil-plant systems are highly 
desirable; 
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Jonathan r. Cole Women in Science 

Views Despite many recent advances, women are still less 

likely than men to be promoted to high academic 
rank, and few have full citizenship in the informal 
scientific community 


Within the past decade, we have 
witnessed a notable increase in both 
the absolute number of women en¬ 
tering scientific professions and in 
their proportion among recent Ph.D.s 
in science. While these proportions 
hardly approach those recently ob¬ 
tained in medicine, law, or business, 
women no longer have only token 
representation in.most fields of 
science. 

The increased presence of women in 
science makes an understanding of 
their treatment within the scientific 
community a subject of substantial 
import. If the structure of opportu¬ 
nities for women in science differs 
from that of men, and if their patterns 
of scientific productivity differ from 
those of men, the scientific commu¬ 
nity may pay a price in reduced 
growth of knowledge resulting from 
barriers placed in the career paths of 
female scientists. The question is: 
What are the impediments in science, 
if any, to the full development of the 
talents of female scientists? 

I want to consider here the question 
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of where women in science stand 
today, and what their futures look 
like, but also to take a glance back¬ 
ward to gain some perspective on 
where we have come from. Our ob¬ 
servations about women in science 
result to a notable degree from the 
accumulation of two basic types of 
knowledge, what William James 
(1885) distinguished as “acquaint¬ 
ance with” anil “knowledge about.” 
Acquaintance with knowledge “in¬ 
volves direct familiarity with phe¬ 
nomena that is expressed in depictive 
representation,” or what Max Weber 
referred to as uerstehen, Knowledge 
about “involves more abstract for¬ 
mulations which do not at all ‘re¬ 
semble’ what has been directly expe¬ 
rienced.” Plainly, both forms of 
knowledge contribute to a full un¬ 
derstanding of social phenomena 
such as the place and treatment of 
women in science. My knowledge, 
which derives to a significant degree 
from quantitative, empirical in¬ 
quiries, must surely be classified more 
as “knowledge about” than as “ac¬ 
quaintance with.” With this in mind, 
let us consider several features of the 
attitudes toward women and their 
structural position in science around 
the turn of this century. 

A glance backward at 
marginal women 

Until the twentieth century, science 
was populated almost exclusively by 
men, and thus the phrase “men of 
science” was almost equivalent to the 
non-sex-linked tag “scientists.” What 
is remarkable is that for the first 
seventy years of this century there 
was little change in the proportion of 
scientists that was female. If there 
have been few women in science, 
there have been even fewer among the 
scientific elite. The rolls of the Na¬ 


tional Academy of Sciences and the 
list of Nobel laureates register very 
few women. As of 1980, only 35 of the 
1,361 members of the National 
Academy, or 2,6%, were women; only 
five of the 345 scientists who had re¬ 
ceived the Nobel Prize, or 1.4%, were 
women (H, Zuckerman, pers. comm.). 
How can we account for these facts? 

Although we have observed over the 
past fifteen years marked increases in 
the proportion of women entering 
medical, law, and business schools, so 
that they now represent roughly 
one-third of the population of these 
professional schools rather than 
one-tenth, we have not witnessed as 
dramatic a rise in the proportions of 
women in the natural sciences. When 
we examine the figures at the point of 
entry into the scientific commu¬ 
nity—the awarding of the Ph.D.—we 
find that women still constitute a very 
distinct minority of members, al¬ 
though the proportions have actually 
doubled in most scientific disciplines 
over this period. The difference is 
that an increase of more than 100% in 
the proportions of women earning 
Ph.D.s in physics and astronomy be¬ 
tween 1968 and 1978 brings the pro¬ 
portion of all Ph.D.s in these fields to 
only 4.9%. Similar stories can be told 
for mathematics, chemistry, and the 
biological sciences. 

These statistics give rise to two basic, 
and interrelated, questions. Why 
have so few women chosen science as 
a career? Why have so few of the 
women who have entered science 
achieved notable distinction and re¬ 
wards? Or put more broadly, what are 
the cultural, social, psychological, and 
economic forces that influence the 
career paths of female scientists? 

Until recently women were consid- 
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ered unfit for scientific work—and 
certainly for creative scientific work. 
Consider only several examples of 
such opinion. Alphonse de Candolle 
devotes two pages to the place of 
women in science in his otherwise 
extraordinary 1885 mrkHistoire des 
Sciences et des Savants depuis Deux 
Siecles. Candolle remarks that the 
female mind “takes pleasure in ideas 
that are readily seized by a kind of 
intuition; a mind to which the slow 
method of observation and calcula¬ 
tion by which truth is surely arrived 
at are not pleasing.” 

Candolle’s ideas were not exceptional 
in their time. Within the scientific 
community in general, a significant 
research effort was being devoted to 
establishing the intellectual and 
psychological inferiority of the fe¬ 
male. Extensive work was carried out 
on cranial volume and its relation to 
intellectual capacity, for example. 
The weight of brains also became a 
focus of considerable attention, with 
men of science, otherwise noted for 
their care in weighing evidence, trying 
with some difficulty to weigh human 
brains and to draw the inference that 
women’s smaller capacity was directly 
related to the lower average weight of 
their brains. As might be expected, 
evidence contrary to the desired 
outcome continually confronted these 
investigators. These various attempts 
to prove a physiological basis for the 
lack of female accomplishments in 
the arts and sciences led, of course, 
only to dead ends. Yet when at the 
turn of the century the German 
scholar Paul Moebius published his 
The Physiological Feeble-Minded- 
ness of Women, there were fewer at¬ 
tacks on the conclusion than on the 
causal argument. 

Nor were the founding fathers of so¬ 
ciology immune from such sensibili¬ 
ties. Emile Durkheim observed in his 
book Suicide (1897) that woman’s 
“sensibility is rudimentary rather 
than highly developed.” Herbert 
Spencer (1896), whose work had an 
extraordinary impact around the turn 
of the century, believed that women 
represent “a somewhat earlier arrest 
of individual evolutions.” And finally, 
Auguste Comte, the putative father of 
sociology, worked out an elaborate 
rationalization of the intellectual in¬ 
feriority of women (Lenzer 1975). 

A final example of attitudes toward 
women in science in the early part of 
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the century is offered by Otto Hahn, 
the renowned physicist, in his reflec¬ 
tions about his early collaborations 
with his longtime colleague, Lisa 
Meitner. To be sure, Hahn speaks of 
life in Germany, but there is ample 
evidence that conditions were much 
the same for women working in 
American science. He recalls the dif¬ 
ficulties Meitner faced in pursuing 
her research goals: 

The beginning was difficult for her. Emile 
Fischer, the director of the Chemical In¬ 
stitute [at Berlin], did not then accept 
women, but he did make a concession in 
her favor. With the condition that she was 
not to enter the laboratories where male 
students were working, she was permitted 
to work with me in the wood shop. In 1907 
this was a really large concession... and 
in time he also developed an attitude of 
fatherly friendship toward Lisa Meitner, 
But the rule that she had to stay in the 
wood shop [which was later extended to 
include another basement room] re¬ 
mained in force. [Hahn 1966] 

In short, women who entered science 
in the early part of this century held 
distinctly marginal positions. They 
were at once rejected by those in the 
general culture who felt that such 
activities were inappropriate for 
women and at the same time they 
were not accepted as full members of 
the scientific community. 

Women have, then, faced tradition¬ 
ally a triple penalty: (1) science was 
culturally defined as an inappropriate 
career for women, few women were 
recruited into science, and few sought 
it out; (2) those who surmounted the 
first barrier continued to be ham¬ 
pered by the belief that women were 
less competent than men at science; 
whatever the validity of this belief, it 
contributed to women’s ambivalence 
toward work and reduced motivation 
and commitment to scientific careers; 
and (3) women encountered signifi¬ 
cant amounts of discrimination 
against members of their sex within 
the scientific community. 

Women who even managed to over¬ 
come the initial hurdle of cultural 
resistance to scientific careers, and 
who were able to make it to the 
starting line with Ph.D.s in hand, 
were in the true sense of the term 
“survivors.” And while I believe much 
has changed since the early part of 
this century to transform women 
from marginal figures closer to full 
partners with men in the scientific 


community, it is plain that women 
scientists, even today, are still ‘ W 


Women in science today 

If this description represents the 
historical frame, we may ask whether 
the same barriers to equality continue 
to exist. Consider the following 
queries: (1) How much evidence is 
there for gender-based discrimination 
in contemporary science? (2) Is gen¬ 
der discrimination, if it is found 
to exist, uniformly distributed 
throughout the scientific community? 
(3) Does gender discrimination obtain, 
when we consider access to higher 
education, receipt of scholarships and 
fellowship support, initial job location 
and hiring after the Ph.D., promotion 
to higher ranks and tenure, receipt of 
formal honorific awards, recognition 
among peers, receipt of research 
funds, the attraction of outstanding 
students and collaborators, access to 
outlets for scientific publications,; 
access to masterful teachers, and j 
equal pay for equal work? 

Questions about the level and imtii- 1 
sity of gender-based discrimination in , 
science must be viewed in the context 
of a substantial body of research over 
the last decade that has shown science 
to be a highly meritocratic social 
system. These findings, however, 
were based almost exclusively on the 
study of male scientists, particularly 
those in physics and chemistry, where 
larger-scaled empirical inquiries 
using random sampling techniques 
rarely turned up any women in the 
first place. Nevertheless, I have tapir 
to investigate the extent to which 
women are denied access to positions 
and to rewards in the scientific com¬ 
munity, and the extent to which they 
are subjected to discrimination. 

First I must note the limited state of 
our knowledge about the measure¬ 
ment or estimation of discriminat ion. 
Although each of us probably h eh ; 
that we “know” discrimination when 
we see it, verstehen knowledge is not 
the same as estimation. And when we l 
examine the literature on discrimi¬ 
nation, we not only see multiple def¬ 
initions of discrimination hut, more £ 
important, we find few if any direct 1 
measures of discrimination. Virtually : 
an quantitative, empirical studies of 
discrimination, including my own \ 
measure it not through direct oltser ’ 
vation or measurement, but resit!. 


ually. This is an important point to 
bear in mind, and indeed an impor¬ 
tant limitation in studies such as my 
own—a limitation that requires us all 
to be organized skeptics about our 
results. 

Discrimination is not synonymous 
with inequality. There can he a great 
deal of inequality in an institution, as 
there surely is in science, without that 
inequality resulting from discrimi¬ 
natory behavior. Zero-order correla¬ 
tions and one-dimensional views of 
the world can tell us next to nothing 
about the presence or absence of dis¬ 
crimination. Of course, most social 
scientists today employ what I have 
called elsewhere “sophisticated resi- 
dualism.” They start with an in¬ 
equality, perhaps income differentials 
between men and women, and they 
then introduce multiple variables 
that they believe can explain the 
original difference. The leftover, or 
residual, difference is then taken as 
an estimate of “discrimination.” Are 
there better techniques for measuring 
discrimination? Apparently not, or at 
least none that has found even limited 
application. 

Let me turn to results of what I have 
found about the position of women in 
contemporary science (a more de¬ 
tailed discussion is available in Cole 
1979). How meritocratic is the scien¬ 
tific community in regard to its fe¬ 
male members? I studied more than 
2,000 men and women scientists, 
matched initially in terms of the 
university from which they received 
their degree, the year they received 
the degree, the initial field of activity, 
and the specialty in which they did 
doctoral work. I traced the careers of 
these scientists for twelve to twenty 
years, collecting data as well'on .as¬ 
pects of their social backgrounds, in¬ 
cluding their IQs and marital and 
family statuses; on their career 
histories, such as job changes, dates of 
promotions, prestige of their affilia¬ 
tions, honors and awards they re¬ 
ceived, and promotion to different 
academic ranks; and on their publi¬ 
cation histories and the patterns of 


evidence from the Ph.D. onward of 
signficant gender-based discrimina¬ 
tion in the promotion of female sci¬ 
entists to tenure and high academic 
rank. Even after I have taken into 
account many other factors, such as 
career interruptions and the quantity 
and assessed quality of research per¬ 
formance of men and women, I find 
that women are still less likely than 
men to be promoted to high academic 
rank. And when they are promoted, it 
is not apt to happen as quickly. This 
finding should not be minimized, It is 
important because tenure and high 
rank not only represent security in 
the world of academic science but 
they are also requirements for full 
participation in the inner circles of 
scientific activity. Furthermore, ac¬ 
ademic rank plainly can influence 
income differences. The evidence 
suggests that the pattern of promo¬ 
tion to high rank has persisted for the 
past fifty years at much the same 
level. While we shall see that there are 
signs of substantial progress in other 
areas, there has been little movement 
here. 

In almost all other areas of the scien¬ 
tific career following the Ph.D., there 
is little evidence of substantial formal 
status inequality between men and 
women. Consider a series of findings 
from both my own work and that of 
other scholars of the subject. First, in 
terms of measured IQ, women in 
science are certainly every bit the 
equal of men. In fact, in comparisons 
of the IQ scores of male and female 
Ph.D.s earning degrees at science 
departments grouped in terms of 
their assessed quality, women con¬ 
sistently had slightly higher IQs at 
every level of department quality 
(Cole 1979; Harmon 1965). Second, 
there seems to be no systematic dis¬ 
crimination against women in ad¬ 
mission to graduate science depart¬ 
ments: they are admitted roughly in 
the proportion in which they apply. 
Third, there is no evidence that 
women are systematically discrimi¬ 
nated against in the granting of 
graduate and postdoctoral fellow¬ 
ships (Cole 1979; Reskin 1976). 


sistant professor are meted out on the 

basis of gender. To be sure, we do not 
find nearly as many women as men in 
disciplines such as chemistry, biology, 
or astronomy, and this is true at the 
level of assistant professor as well as 
at higher ranks. But that observation 
does not signal discrimination, since 
in any particular group of Ph.D.s far 
fewer women than men are entering 
the academic labor market. 

Fifth, despite the paucity of women 
who have gained the most prestigious 
of all scientific honors, such as the 
Nobel Prize, the evidence suggests 
that, on average, women are no less 
apt to receive honorific recognition 
than are their male counterparts. 
This finding highlights a point often 
disregarded in examining women’s 
place in science. Most of us have been 
trained to look only at the elite of 
science. We pay little attention to the 
rank and file. There are good reasons 
to dwell on the elite. The over¬ 
whelming majority of important sci¬ 
entific discoveries are produced by 
them. But if you examine the condi¬ 
tions and opportunities confronting 
most scientists, you find that few can 
expect to earn any significant honors; 
few women or men will gain any for¬ 
mal honorific recognition. 

Sixth, I have found significant dif¬ 
ferences in the average “reputational 
standing” of men and women in the 
same fields. I have measured reputa¬ 
tion-by .peer.'appraisals-of research 
contributions made by a stratified 
random sample of scientists who work 
in the same specialty, On the basis of 
simple comparisons between men and 
women scientists, there seems to be a 
“cost” of being female in the process 
of building scientific reputations. But 
if we take into account the research 

performance of men and women sci¬ 
entists, in terms of both quality and 
quantity of output, the differential : 
disappears almost completely: highly 
prolific female scientists have repu¬ 
tational standings among their col¬ 
leagues similar to those of male sci¬ 
entists who are approximately equally 
prolific. 


citations or references to their work. 
I also collected data on the “reputa¬ 
tional standings” among a group of 
peers for a sample of roughly 600 men 
and women scientists. Standard 
multivariate techniques were used to 
analyze these data. 

The results of this investigation show 


Fourth, when we examine the point of 
entry into the scientific community 
there is no evidence that women are 
shortchanged in appointments to the 
“distinguished,” “strong,” and “very 
good” departments in their fields. 
Little statistical evidence suggests 
that appointments at the level of as- 


Seventh, inequalities in salaries of 
men and women scientists continue to 

exist, but recent larger-scaled studies 

by Centra (1974) and by Bayer and 
. Astin (1968, 1975), among others, 
suggest that the earnings ratio of fe¬ 
males to males, after taking into ac¬ 
count a variety of explanatory factors, 






including research productivity, ex¬ 
ceeds 0.9-that is, they virtually dis¬ 
appear. For example, Centra found 
that male and female full professors 
who have been employed at univer¬ 
sities for only five or six years have 
essentially identical incomes (women 
earn 98.5% as much as men); for those 
employed from thirteen to fourteen 
years, women’s salaries are 95% of 
men’s. 

More sophisticated work by Bayer 
and Astin in 1975 strongly suggests 
only small salary differences between 
men and women when a multivariate 
model is used to explain differences. 
Bayer and Astin found a -0.04 partial 
correlation between gender and sal¬ 
aries after controlling for nine vari¬ 
ables in a multiple regression equa¬ 
tion. This could easily have been a 
spurious association had not the re¬ 
searchers teased out the influence of 
differences in academic rank. In fact, 
female-to-male earnings ratios in ac¬ 
ademic science are considerably 
higher than in any other institutional 
sphere in which earnings have been 
compared (Lloyd and Niemi 1979). 

Eighth, the social processes and 
background characteristics by which 
successful scientific careers are made 
and by which reputations are built are 
almost identical for men and 


This brings me to in many ways the 
most intriguing and puzzling result of 
my labors. For every cadre of men and 
women Ph.D.s for whom I have col¬ 
lected data, there is a consistent and 
patterned difference in research 
performance. Female scientists tend 
not to publish as much as males who 
are of equal professional age, who 
come from similar educational back¬ 
grounds, and who are in the same 
specialties. This result holds for every 
group of male and female scientists 
since the turn of the century that I 
have studied. The patterns hold both 
for absolute number of published 
papers and for rates of publication. 
These patterns of productivity dif¬ 
ferential have been observed by many 
other investigators as well (Zucker- 
man and Cole 1975), 

Research productivity in science has 
received generous attention. It is 
highly skewed: about 10 to 15% of all 
scientists produce roughly 50% of all 
scientific literature. Most scientists 
produce only three or four papers in 

388 American Scientist, Volume 69 


a scientific career, The skewed dis¬ 
tribution of research productivity is 
similar for both men and women. 
More important, there is a moderate 
and consistent correlation between 
gender and research performance, in 
the neighborhood of 0.3, with men 
consistently publishing more than 
women, When we focus on the impact 
of published research, similar differ¬ 
ences are found. Finally, when we 
examine these performance differ¬ 
entials over time, we find that dif¬ 
ferences in research productivity 
seem to increase over the course of the 
scientific career. 

There have been several hypotheses, 
and many speculations, to account for 
these patterned differences in re¬ 
search performance, but few satisfy¬ 
ing answers. Consider just several 
proposed explanations. It often has 
been asserted that the multiple role 
obligations of female scientists, par¬ 
ticularly those of wife and mother, 
detract from the time needed to be 
more productive scientists. Surely the 
effects of marriage and families differ 
for men and women, even in today’s 
world, and indeed this is a plausible 
hypothesis. Yet the data do not seem 
to support it. Not only do marriage 
and family life fail to impede scien¬ 
tific productivity of women, but they 
seem to be related to small increases 
in research performance. Women 
scientists who are married turn out to 
be significantly more prolific than 
those who are not; and women who 
are married with either one or two 
children are slightly more scientifi¬ 
cally productive than unmarried 
women, and only slightly less so than 
those who are married without chil¬ 
dren. However, there is a limit to all 
of this. Once a woman has had three 
or more children there is a decline in 
research output, but not to a point 
significantly lower than that found 
among the unmarried women. Such 
results fly in the face of conventional 
wisdom, and we should therefore ap¬ 
proach them with caution. 

The relationship between gender, 
marital and family life, and scientific 
research performance typifies many 
other recent findings: they are some¬ 
what counterintuitive, they are 
puzzling, and since they are based 
upon limited data, they call for fur¬ 
ther inquiries. For example: Does this 
pattern hold for women in different 
scientific fields? in all age groups? 
When we compare married women 


with families to those who do not have 
families, are we comparing the 
“same” women? Perhaps the women 
who continue to be active scientists 
and simultaneously manage their 
families are quintessential cases of 
superwomen. Or perhaps they have 
more help in carrying out their mul¬ 
tiple tasks. 

Some observers of science believe that 
the gap in research productivity is 
itself the consequence of subtle and 
not-so-subtle discriminatory prac¬ 
tices within science, some of which 
may be consequences of women’s 
lower academic ranks: limited access 
to the resources needed t6 carry out 
scientific research, to publication 
outlets, to government and other 
forms of support, to the best “human 
capital” within the graduate student 
population, and to willing colleagues 
with whom to collaborate, as well as 
excessive nonresearch demands made 
on women faculty members, such as 
higher teaching loads and more ex¬ 
tensive committee assignments. 
There are almost no data available to 
test these conjectures. 

Other hypotheses include claims 
about the debilitating effects on 
women’s productivity of teaching- 
oriented college settings and of dif¬ 
ferences in motivation of men ami 
women scientists. Again, there is 
limited information to test these 
conjectures. We do not really under¬ 
stand the social processes at work 
that influence the emergence and 
maintenance of these patterned dif¬ 
ferences in research productivity. 

Full citizenship? 

From this brief discussion of the 
highlights of my empirical studies, we 
might conclude that status inequali¬ 
ties between men and women scien¬ 
tists have been reduced sharply over 
the past fifty to seventy-five years, 
and that women have moved* from 
marginal positions toward the inner 
core of the community. In fact, there 
have been substantial reductions in 
most status inequalities, with the 
critical exception of promotion to 
high rank. And I believe the quality of 
experiences has improved substan¬ 
tially. 

It is in the domain of informal ac¬ 
tivities in science that the biggest 
gaps between men and women re¬ 
gain. It is in the more intangible set 


of experiences associated with doing 
science from day to day that women 
rightly feel most excluded. To say 
that women of science have now en¬ 
tered the central scientific commu¬ 
nity, and that they have achieved 
formal equality with men in terms of 
many measurable aspects of the re¬ 
ward system, does not say that the 
opportunity structure for men and 
women interested in science as teen¬ 
agers is equally open. Nor does it say 
that the women who have chosen 
science have an equal chance of end¬ 
ing up in the inner circles of science, 
or that they will be equal participants 
in the “invisible colleges” of the sci¬ 
entific establishment. Resistance to 
full participation, to full citizenship 
of women in the scientific communi¬ 
ty, continues to exist. Some of the 
types and sources of that resistance 
are known, but many of the sources 
are little understood, if even correctly 
identified. 

I suggested several years ago that 
some of the incredulity about these 
findings results from the haunting 
presence of functionally irrelevant 
statuses, I hypothesized that the sa¬ 
lience of gender in contemporary so¬ 
ciety leads both men and women to 
construct post factum causal expla¬ 
nations of career decisions and formal 
inequalities in terms of gender. Gen¬ 
der is perceived as the principal rea¬ 
son for differences in achievement, 
and other alternative explanations 
are discounted, I now believe that the 
reasons for the incredulity go beyond 
this, and have to do, at least in part, 
with the type of knowledge that can 
he obtained through the use of cur¬ 
rent quantitative, social science 
methods, 

1 believe that typical quantitative 
methods can estimate rather well 
features of the formal aspects of citi¬ 
zenship in science. They allow us to 
estimate status inequalities in affili¬ 
ations, awards and honors, academic 
rank, and so on. But these techniques, 
at t his stage of their development, do 
not allow us to measure adequately 
other, informal aspects of citizen¬ 
ship. 

Until the early part of this century, 
the inequalities in positions held by 
men and women scientists were so 
dramatic that they resulted in mu¬ 
tually exclusive sets of statuses. Men 
controlled all of the means of scien¬ 
tific production; they dominated al¬ 


most all positions of authority and 
power; they completely controlled the 
structure of formal opportunities. 
Women were totally marginal figures. 
Many of those fundamental cleavages 
began to break down early in the 
century, but sharp differences in so¬ 
cial status remained. Although 
women had moved into the commu¬ 
nity of science, they were not of that 
community. If there has been move¬ 
ment toward greater application of 
meritocratic principles over the past 
twenty-five to thirty years, it has 
taken the form of reducing the level of 
formal status inequality between men 
and women scientists. 

What has not been achieved to any 
significant degree is full citizenship 
for women in science. Many women 
continue to be excluded from the very 
activities that allow for full partici¬ 
pation and growth, or productivity 
and change, These are, by and large, 
the informal activities of science—the 
heated discussion and debates in the 
laboratory, inclusion in the inner core 
or the invisible colleges, full partici¬ 
pation in the social networks where 
scientists air ideas and generate new 
ones. These relationships involve 
what Mark Granovetter (1973) has 
called “the strength of weak ties.” 
These are also the close collaborative 
relationships that grow up over time, 
that help to shape scientific taste and 
sharpen the eye for a good research 
problem. Women in science perceive 
that they remain excluded from those 
activities that define full membership 
in a community. I believe that there 
is much merit to those perceptions, 
although we have almost nothing 
more specific than anecdotal, auto¬ 
biographical evidence to support 
them. 

In fact, I believe that the differences 
in status inequality and social citi¬ 
zenship explain some of the apparent 
clash between the knowledge gener¬ 
ated by verstehen and that found by 
means of larger surveys. Verstehen 
knowledge captures aspects of citi¬ 
zenship that quantitative, data in 
their current form are simply not able 
to measure. The value of knowledge 
acquired through direct experience is 
that it allows us to focus on particular, 
detailed forms of inclusion and ex¬ 
clusion within the scientific commu¬ 
nity. Its shortcoming is that it cannot 
accurately represent the general level 
of status inequality that obtains in 
the larger social system. 


Looking forward 

Several little-understood processes 
must be addressed if full citizenship, 
and indeed real meritocracy, is to be 
achieved in science. First of all are the 
processes of self-selection and social 
selection. Most of our intellectual 
energy in examining the position of 
women in science has been focused on 
the social processes within science 
that act as impediments to career 
development. For the most part, we 
have looked at processes of social se¬ 
lection, by which institutions and 
organizations choose among com¬ 
peting candidates for positions, 
awards, promotions, and salaries, We 
have neglected a host of extremely 
difficult questions about barriers 
faced by young women who are in¬ 
terested in science but who turn away 
from it as youngsters or as college 
students. We have concentrated on 
the survivors. In a sense, we start 
looking for problems at the finish 
line—after the race is already run. We 
need not rejoice over science ap¬ 
proaching its meritocratic ideal when 
only 4 or 5% of the total population of 
physicists are women in the first 
place. 

Perhaps the single most important 
question we can ask is: What forces 
persist in the general culture, in the 
general value system of American 
society, in the American family, in our 
schools, in the presentation of pro¬ 
fessional careers by the mass media, 
that turn young women away from 
the starting line? Young women tend 
to turn away from science at early 
ages, We know remarkably little 
about the factors, that lead to this 
decision. We know that science has 
not been viewed as an appropriate 
career for women, and that women 
were thought not to have the capacity 
to do outstanding scientific work. But 
we do not know much about how 
these values are transmitted to young 
women, 

Understanding the decision-making 
of teenagers may be even more diffi¬ 
cult than understanding other deci¬ 
sion-making processes. Occupation 
choice has had a long history of being 
a particularly thorny area of research, 
Nonetheless, the problems are so 
significant, and the consequences so 
great, that a renewed effort must be 
mounted to understand better how 
our culture leads young women to 
view science as an inhospitable and 

1981 July-August 389 



unattractive environment. In the final 
analysis, opening up science to 
women may depend more on our 
getting a handle on these problems 
than on any other. 

The second process we should exam¬ 
ine is the accumulation of advantage 
and disadvantage. There is a ten¬ 
dency to view the position of women 
in science statically, rather than in 
terms of ongoing social processes. In 
fact, there is substantial evidence that 
advantages and disadvantages in 
science cumulate over time. Suppose 
the social system of science is less apt 
to support the education of women 
than men in terms of apprenticeships. 
If women scientists receive less sup¬ 
port than men, it should not surprise 
us to find them less scientifically 
productive. Their futures in fact be¬ 
come predictable. When they come 
up for promotion, their publication 
records are carefully reviewed and 
found inferior to those of men with 
the “same” types of background, and 
they lose out in the academic mar¬ 
ketplace. The self-fulfilling prophecy, 
which is based on the assumption that 
women are less motivated, less pro¬ 
ductive, and less reliable scientific 
risks than men, now is strikingly 
supported by data. Plainly, if such a 
self-fulfilling prophecy operates at an 
early point in the careers of women, a 
“fair” judgment of their work later on 
will reinforce the expectation of low 
achievement for women. 

Correlatively, if a group of youngsters 
are labeled early on as potential stars, 
and are consequently given resources 
and disproportionate opportunities, 
it should not surprise us if later on in 
their careers they have more formi¬ 
dable research track records. If the 
initial assessment of who is apt to be 
a star is based on functionally irrele¬ 
vant criteria such as gender, then the 
process of accumulating advantage 
can begin to enhance the career 
possibilities of men, while dimin¬ 
ishing the chances of women. There 
is relatively little information about 
the processes of accumulating disad¬ 
vantage and how it influences the 
careers of women in science. 

Moreover, we do not know how as¬ 
pects of women’s lives outside science 
produce disadvantages that are felt 
during the course of a scientific ca¬ 
reer. Consider only one concrete ex¬ 
ample. Apparently, patterns of geo¬ 
graphic mobility differ for men and 


women scientists, es 
married women. For whatever rea¬ 
sons, women feel more constrained 
than men in shifting job locations if 
they are part of a dual-career couple. 
Geographic mobility tends to be as¬ 
sociated with the building of reputa¬ 
tions in science, as well as with tan¬ 
gible rewards such as increases in 
salary. If women are less willing than 
men to entertain moves, and perhaps 
equally important, if they are also 
defined by others as less likely to be 
movable because of a spouse, then a 
process has been set in motion that 
may reinforce the accumulation of 
disadvantage. We must begin to study 
the careers of scientists as a set of 
dynamic and interacting processes 
that can quickly transform equality 
into inequality. 

Differences in productivity are a third 
process that needs to be investigated. 
Are the differentials a thing of the 
past? What accounts for sex differ¬ 
ences in published productivity? Do 
such differences in fact increase with 
age? Are recent women Ph.D.s more 
like their age-mates among men in 
research patterns and performance 
than are women who received their 
degrees a generation ago? And what 
accounts for differences in the extent 
to which the works of men and 
women are cited in the research lit¬ 
erature? How, if at all, do the work 
habits of men and women differ? 
What factors determine whether a 
woman will be a prolific or a silent 
scientist? How do these factors differ 
among the several scientific disci¬ 
plines? 

A fourth area to be studied is that of 
informal social networks. My work 
has not been fine-tuned enough to 
identify and describe precisely the 
detailed patterns of social interaction 
and sponsorship that are an essential 
part of successful careers. Being part 
of the proper social network, being 
linked to the “right” people, plainly 
goes some distance in determining the 
paths taken in a scientific career and 
contributes to making science fun. 
None of this, of course, is a substitute 
for talent. But given talent, it plays a 
significant role in launching and 
sustaining careers. 

Look, for example, at the question of 
whether women have the same op¬ 
portunities as men to establish ap¬ 
prentice relationships with older, 
eminent scientists. Whether we ex¬ 


amine Auguste Comte s relations 
with Saint-Simon, Fermi’s with Cor- 
bino, Segre’s with Fermi, Otto Hahns 
with Rutherford, Lisa Meitner’s with 
Otto Hahn, Mary Whiton Calkins’s 
with William James, or the thousands 
of other master-apprentice relation¬ 
ships, we are dealing wit h an impor¬ 
tant mechanism of transmitting a 
scientific tradition from one genera- \ 
tion to another. Even a cursory scan 
of the autobiographical histories* of 
scientists reveals poignantly how 
sponsorships involve jealousies, am¬ 
bivalence, conflict, admiration, awl 
love—and how they are influential in 
producing in young scientists a swm* 
for a good question or a key problem, 
a style of doing research or theorizing, 
a critical stance, and a way of teaching 
their own future intellectual pro¬ 
geny. 

Are women less apt than men to 
spend extended amounts of time in 
informal scientific discourse with 
their teachers—and if so, why? Do 
senior professors engage in scieiitifiY 
collaboration with junior female col- ; 
leagues; do they ask them to join their 
laboratories; do they get them invitt-el 
to conferences at which they j 

their work to groups of scientist s who 
have already gained some prctmim* w* 
and are influential in determining s hi* 
next generation of esteemed and 
prominent scientists? What role, if 
any, does sexuality play in the rela- : 
tionship between male and feimde ■ 
scientific collaborators, or between 
mentors and students? 

There are no multiple regressions 
that can describe the impact ot tjn*»t* 
social linkages. There is work to he !? 
done here if we are to discover huw 
the actual experiences of men nnd - 
women scientists are similar and ore 
different, and indeed whether gender 
is of any consequence in the devel¬ 
opment of scientific careers, it re- : 
mains unclear whether or not m mien f 
are less apt than men to benefit from j 
the operation of informal networks in 
science. I suspect that women are I 
relatively deprived, 

A fifth area needing work is the \ 
measurement of discrimination. Our f 
attempts are still relatively primitive, 
and substantially more work must }«» 
done to discover new and improved 
methods of measuremenL. 

Gender discrimination in promotion I 
is a final process requiring investig«- p 
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tion. And in the end I want to return 
to the beginning: the evidence that 
significant gender discrimination 
exists in promotion. Affirmative ac¬ 
tion efforts should concentrate on this 
critical pressure point; diffuse efforts 
tend to deplete the energy that is 
needed to attack the major problem 
of discrimination in academic science. 
Emphasis should be given to elite in¬ 
stitutions of science, which have al¬ 
ways set standards followed by 
others. 

We have made a beginning toward 
true meritocracy for women in 
science. Historical materials and 
contemporary studies suggest 
strongly that we have moved a great 
distance toward equality of status for 
men and women. Important pockets 
of status inequality remain. In par¬ 
ticular, colleges and universities have 
been remarkably slow to reward their 
female scientists with promotion to 
tenure and high rank. But there are 
two important areas where I believe 
change has been even slower. Within 
science, the failure of women to be 
accepted as full citizens with equal 
participatory rights in the informal 
activities of science results in their 
remaining in many ways second-class 
citizens. Such forms of exclusion and 


discrimination are difficult to over¬ 
come; they are not easily attacked 
through litigation and other formal 
sanctions. But they must be overcome 
before we can say that science ap¬ 
proximates a meritocratic communi¬ 
ty, in which all citizens enjoy equal 
rights and opportunities. 

And beyond these matters of attain¬ 
ing equality for those already in 
science, the larger question for to¬ 
morrow is how to alter American 
culture in such a way that science will 
become an attractive career for 
bright, young, energetic women. If we 
are looking toward the horizon, the 
most pressing problem is to increase 
sharply the numbers of young women 
who enter the community in the first 
place. We are abysmally ignorant of 
the social and psychological processes 
that influence these decisions. To 
remain so condemns us to being con¬ 
cerned with the welfare of 10 or 15% 
rather than what might be 50% of the 
scientific community. 
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“We’ve discovered a massive dust and gas cloud which is either the beginning 
of a new star or just a hell of a lot of dust and gas.” 


Corrado Baglioni 
Timothy W. Nilsen 


When animals are infected with a 
virus, they may be protected from 
subsequent infection with an unre¬ 
lated virus. The first virus “inter¬ 
feres” with the second, Twenty-five 
years ago Isaacs and Lindenmann 
(1957), at the National Institute for 
Medical Research in London, began 
to investigate the phenomenon of 
viral interference and discovered that 
' animal cells infected with a virus se¬ 
crete a specific protein, which they 
called interferon. This protein could 
be harvested from the culture medi¬ 
um and administered to other cells or 
animals, which in this way became 
resistant to viral infections. The in¬ 
terference phenomenon was thus re¬ 
solved into two distinct steps, and 
these fundamental studies delineated 
two main directions for research on 
interferon: the isolation of interferon 
and the study of its mechanism of 
action (Stewart 1979), 

Interferon is not a single protein but 
a family of related proteins charac¬ 
terized by antiviral activity. In addi- 
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The Action of Interferon at the 
Molecular Level 

The unique antiviral defense mechanism of 
interferon , a substance produced in the body in 
response to infection , is being studied closely for 
possible therapeutic applications 


tion, interferons have a bewildering 
variety of effects on cellular functions, 
as summarized in Table 1. These ef¬ 
fects and the antiviral activity have 
generated considerable interest, in 
view of the potential therapeutic ap¬ 
plications. The ongoing clinical trials 
of interferons as anticancer agents 
have attracted the attention of the 
general public, and the study of in¬ 
terferons has become a highly com- 
petitive field of research, with the 
promise of major advances both in 
our basic understanding of cellular 
functions and in practical applica¬ 
tions of this knowledge. 

Two major problems have been the 
scarcity of interferon and the diffi¬ 
culty of purifying a protein present in 
relatively small amounts in the me¬ 
dium of virus-infected cells. The first 
problem was overcome in the last 
year, with the cloning of interferon 
genes and the production of inter¬ 
feron in bacteria by means of recom¬ 
binant DNA technology (Taniguchi et 
al. 1980; Streuli et all980). The sec¬ 
ond task, the purification of inter¬ 
feron on a relatively large scale, was 
also accomplished last year by means 
of the new monoclonal antibody 
technology (Secher and Burke 1980; 
Staehelin et al. 1981). Interferon is 
now being produced by pharmaceu¬ 
tical companies on a relatively large 
scale, and there is already enough 
pure interferon available for limited 
clinical trials. 

At present, when interferon is being 
tested in cancer patients, it is impor¬ 
tant to explain its effects and its 
mechanisms of action. Unfortunately, 
we have some understanding of only 
one of the various effects of interfer¬ 
on, its antiviral action. This article 
will review recent studies that have 
led to our present knowledge of the 


molecular mechanisms responsible 
for the antiviral effect of interferon. 
It is hoped that the knowledge ob¬ 
tained so far will serve as a guide to 
elucidate at the molecular level the 
other effects of interferon and to help 
us to gain the necessary background 
for its therapeutic use. 

Many of the early studies on the 
antiviral effects of interferon were, of 
necessity, rather descriptive (Fried¬ 
man 1977). Several investigators es¬ 
tablished that the initial events of a 
viral infection were not inhibited in 
interferon-treated cells and that vi¬ 
ruses could enter into these cells and 
were normally uncoated (animal vi¬ 
ruses have a protective protein coat 
or, in some cases, a more complex 
envelope, which is removed during aii 
infection). The antiviral effect of in¬ 
terferon becomes manifest when a 
virus attempts to produce specific 
messenger RNAs and to translate 
these RNAs into viral proteins: much 
less viral mRNA and viral protein are 
produced in interferon-treated cells 
than in cells not exposed to interfer¬ 
on. The interferon-treated cell effec¬ 
tively prevents the assembling of 
progeny virus, 

A productive infection is dependent 
on a continuous increase in viral 
templates and enzymes that replicate 
viral structures. Figure 1 shows 
schematically how a single virus can 
produce a large progeny by synthe¬ 
sizing viral mRNA, translating it into 
viral enzymes and structural proteins, 
and then producing more RNA and 
more protein, and so on. However, if 
either the synthesis of viral RNA or 
the translation of viral mRNA into 
protein is inhibited, the amplification 
process is blocked and little or no viral 
progeny is produced. In the early in¬ 
vestigations of the mechanism of ac¬ 



tion of interferon, it was not clear 
whether viral RNA or protein syn¬ 
thesis was the primary target of the 
antiviral effect. It is now believed that 
the inhibition of viral mRNA synthesis 
may be the primary target with some 
viruses, whereas an inhibition of viral 
protein synthesis may be the primary 
target with others. 

Early studies showed that cells had to 
be exposed to interferon for at least a 
few hours prior to infection in order 
to become resistant to viruses. If in¬ 
hibitors of cellular RNA or protein 
synthesis were added during the 
treatment with interferon, the cells 
did not become resistant to viruses 
(Taylor 1964). The establishment of 
the antiviral state, therefore, required 
the synthesis of new proteins, which 
in some way prevented virus replica¬ 
tion. ' 


The direct observation 
teins synthesized 'Thtw 

terferon is relatively f - , 1()( , 

findings have provided - 
stration of the hypoth» " 

from studies with inhibi i •. 
and protein synthesis: that ^ 
vi«l «4inn nf interferon is nunUdUO 


Table 1. Interferon has many effects on cell 
functions, varying from Inhibition to en¬ 
hancement. 

Inhibits: Enhances: 


The synthesis of specific 
enzymes 

To observe the synthesis of new pro¬ 
teins upon the addition of interferon, 
animal cells are cultured in a medium 
containing radioactive amino acids. 
The proteins are then applied to gel 
slabs and fractionated by electro¬ 
phoresis. This technique separates 
the proteins according to their mo¬ 
lecular weight, and the resultant 
bands of protein can be detected by 
autoradiography, as shown in Figure 
2, With actively growing cells, which 
are synthesizing a very large number 
of different proteins, it is difficult to 
observe the synthesis of specific new 
proteins upon treatment with inter¬ 
feron. However, with cells that are no 
longer dividing (quiescent cells), it is 
possible to observe several new pro- 


after addition of interferon (Knight 
and Korant 1979; Gupta et al, 1979). 
During this time interferon promotes 
the synthesis of specific mRNAs cod- 


figure 1. The reproductive cycle of an RNA 
virus can be resolved into six steps, shown here 
schematically: adsorption of the virus to the 
cell membrane; penetration into the cell; un¬ 
coating of the viral genome (RNA); replication 
by means of intermediates containing double- 
stranded RNA; assembly of viruses from newly 
synthesized viral RNA and proteins; and release 
of the viral progeny. Synthesis of viral proteins 
(not shown) occurs after uncoating and 
throughout the replication step. 


cell division phagocytosis by 

macrophages 

tumor growth cytotoxicity of 

lymphocytes 

antibody formation activity of natural killer 

cells 

erythroid expression of surface 

differentiation antigens 

adipocytes production of 

differentiation antibodies 


source: Taylor-Papadimitriou 1980 


Other lines of investigation based on 
specific assays for these proteins have 
identified the function of two of them, 
both enzymes (Baglioni 1979), 

These enzymes are a protein kinase 
and an oligonucleotide polymerase. 
The kinase transfers with high spec¬ 
ificity a phosphate group from ATP to 
a factor required for protein synthesis 
(Farrell et al. 1977). This initiation 
factor is a protein that carries out the 
first step in protein synthesis. When 
phosphorylated, it does not function 
properly, and thus protein synthesis 
is inhibited. The .oligonucleotide 
polymerase forms from ATP short 
chains of adenosines linked by 2- 5' 
phosphodiester bonds (Kerr and 
Brown 1978)—a type of bond that is 
truly unique, since all natural poly, 
nucleotides are connected by 
phosphodiester bonds. The discovery 
of this 2 / -5 / oligoadenylate, or 2- 5A 
revealed a new class of biologically 
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Figure 2. The response to interferon was tested 
in human fibroblast cultures. One culture was 
exposed to 400 units/ml of leukocyte interferon 
and another culture kept as control. Both cul¬ 
tures received the radioactive amino acid 
[ 35 S]methionine to label newly synthesized 
proteins. These were analyzed by gel electro- 


active oligonucleotides that have an 
important role as mediators of the 
action of interferon. 

The most peculiar property of these 
enzymes is that they are present in an 
inactive state in cells or in cell ex¬ 
tracts (Baglioni 1979). Only with the 
addition of a specific activator can the 
enzymes be induced to function. The 
discovery of these enzymes was made 
possible by the identification of the 
activator, and the studies that led to 
this identification provide a fasci¬ 
nating chapter in the investigation of 
the mechanism of action of inter¬ 
feron. 


cell 
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phoresis, which separates proteins on the basis 
of their molecular weight (from left to right). 
It is evident from the top track that four new 


expressed in kdaltons) were synthesized by fi¬ 
broblasts treated with interferon. (From Gupta 
et al. 1979.) 


Viruses infecting an animal cell “shut 
off”'the host’s synthesis of protein 
and take over this process by syn¬ 
thesizing large amounts of viral pro¬ 
teins. In experiments designed to in¬ 
vestigate whether viruses produce an 
agent responsible for this shut-off, 
Ehrenfeld and Hunt (1971) added 
cytoplasmic extract from cells in¬ 
fected with poliovirus to a cell-free 
system for 1 protein synthesis. They 
observed a rapid cessation of protein 
synthesis and subsequently isolated 
from the cytoplasm of the infected 
cells an RNA that at extremely low 
concentrations inhibited protein 
synthesis. We know today that this 
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RNA, which is double-stranded, is 
not responsible for the shut-off of 
host protein synthesis, because it is 
formed relatively late during the in¬ 
fection, at a time when the shut-off 
has already occurred. The striking 
inhibition of protein synthesis hy 
double-stranded RNA was recently 
explained by the observation that the 
cell-free system employed in these 
experiments was prepared from re- 
ticulocytes—cells specializing in the 
synthesis of hemoglobin, which for 
unknown reasons have high levels of 
the interferon-induced protein ki nase 
(Farrell et al. 1977). The inhibition of 
protein synthesis observed by 
Ehrenfeld and Hunt was due to the 
activation of this enzyme and the 
consequent inactivation of the initi¬ 
ation factor. 

This effect of double-stranded RNA 
attracted the attention of investiga¬ 
tors studying the mechanism of ac¬ 
tion of interferon, because double- 
stranded RNA was the most potent 
synthetic inducer of interferon yet 
discovered (Field et al 1967). Animal 
cells secrete interferon not only upon 
infection with live or inactivated vi¬ 
ruses, but also when exposed to a va¬ 
riety of inducers. It seems likely that 
these inducers mimic in some way the 
signals by which infected cells detect 
the presence of replicating viruses. 
Those viruses which have RNA as 
their genetic material replicate ac¬ 
cording to the rules of base comple¬ 
mentarity, by forming base-paired 
polynucleotides containing double- 
stranded RNA* It is this double- 
stranded RNA which may be the sig¬ 
nal to which a cell responds by pro¬ 
ducing interferon. 

Double-stranded RNA was found to 
be extremely inhibitory in protein- 
synthesizing systems prepared from 


Figure 3. A low-molecular-weight inhibitor of 
protein aynthefiis, identified in 1978 ah a me 
diator in the degradation of viral mRNA, can lx; 
synthesized in vitro. In the first 8te|>, a lm- 
mogenate of interferon-treated cells is panned 
through a column containing double-stranded 
RNA bound to agarose beads. Next the column 
is washed with buffer, and various cytoplasmic 
proteins are washed out and diacarded; en¬ 
zymes which bind to double-stranded RNA are 
retained. When atp is then added and the 
column is incubated, an enzyme that is bound 
to and activated by double-stranded RNA 
converts the atp to low-molecular-weight in- 
hibitor, which is eluted with buffer in the final 
step. 


interferon-treated cells. Several years 
of work were necessary to clarify the 
two mechanisms responsible for this 
inhibition. One was the activation of 
the protein kinase previously dis¬ 
covered in reticulocytes; the other 
mechanism was much more puzzling, 
and its explanation has been pieced 
together from several studies. An in¬ 
hibitor of protein synthesis, heat- 
stable and of low molecular weight, 
was isolated from extracts of inter¬ 
feron-treated cells incubated with 
double-stranded RNA and ATP 
(Roberts et al. 1976). At the same 
time Lebleu and co-workers (1976) 
discovered that the incubation of 
double-stranded RNA with these cell 
extracts caused degradation of mRNA; 
ATP was required in order to observe 
this effect. 

A breakthrough in these investiga¬ 
tions was the discovery by Hovan- 
essian and co-workers (1977) that the 
enzyme responsible for the synthesis 
of the low-molecular-weight inhibitor 
could be easily isolated by passing an 
extract prepared from cells treated 
with interferon through a column 
containing double-stranded RNA 
hound to agarose beads. The enzyme 
was retained by the column, whereas 
other cytoplasmic proteins were 
washed out (see Fig. 3). When atp 
was added and the column was incu¬ 
bated, the ATP was converted into 
inhibitor by the enzyme. Subsequent 
studies showed that the inhibitor ac¬ 
tivates a nuclease (Baglioni et al 
1978; Clemens and Williams 1978). 
This explains how double-stranded 
RNA causes degradation of mRNA; 
first it activates an enzyme to form 
inhibitor from ATP, and then the in¬ 
hibitor activates the nuclease, which 
cleaves mRNA, 

The low-molecular-weight inhibitor 
can be synthesized in large amounts 
by this procedure. Its structure, de¬ 
termined by Kerr and Brown (1978), 
consists of short chains of adenosines 
linked by 2'-5 : phosphodiester bonds, 
as shown in Figure 4. Trimers and 
longer oligomers are active, and to an 
equal degree, but the dimer does not 
activate the nuclease. The enzyme 
2-5A polymerase, or synthetase, as it 
is also known, is active only when 
physically bound to double-stranded 
RNA. This enzyme, therefore, is 
activated specifically at the site at 
which viral replicative structures 
containing double-stranded RNA are 
formed. 
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Figure 4. The low-molecular-weight inhibitor 
is composed of short chains of adenosine (ad¬ 
enine + ribose) linked by 2 / -5 / phosphodiester 
bonds—hence its shortened name of 2-5A, 




The antiviral defense 
mechanism 

The research described above was 
performed on cell extracts, and until 
recently there was no evidence for the 
activation of the interferon-induced 
enzymes in intact cells. Even today, 
activation of the protein kinase in 
virus-infected cells has not been ob¬ 
served, but there is Unquestionable 
proof that the 2-5A polymerase is 
activated in some cells: 2-5A has been 
isolated from interferon-treated cells 
infected with encephalomyocarditis 
virus (Williams et al. 1979) and, more 
recently, from cells infected with 
reovirus (Nilsen et al, in prep.). 
Treatment with interferon and in¬ 
fection with a virus are both necessary 
in order to observe formation of 2-5A 
in intact, cells. 

The amount of 2-5A found in cells is 
in the nanomolar, or 10" 9 M, range. 
To detect such small amounts, 
Knight and co-workers (1980) devel¬ 
oped a very sensitive assay based on 
the high affinity of the nuclease acti¬ 
vated by 2-5A for this compound. The 
nuclease forms a complex with 2-5A; 
it is activated as long as it is associ¬ 
ated with 2-5A but returns to an in¬ 


active state when 2-5A dissociates. 
The 2-5A/nuclease complex can be 
easily separated from free 2-5A by 
filtration through cellulose filters, 
which retain only the 2-5A bound to 

the nuclease. With highly radioactive 
2-5A it is possible to measure the 
binding of minute amounts of this 
compound to preparations of nucle¬ 
ase. Addition of unlabeled 2-5A de¬ 
creases the binding of the radioactive 
2-5A by competing for the available 
binding sites of the nuclease, and the 
extent of competition provides a di- 
rect measurement of the concentra¬ 
tion of 2-5A. This competition-bind¬ 
ing assay is the method of choice to 
demonstrate the formation of 2-5A in 
intact cells because of its high speci¬ 
ficity and extreme sensitivity—other 
compounds containing adenosine do 
not interfere in the assay even at 
concentrations 10 G times greater than 
that of 2-5A, and as little as lOfmol, 
or 10“ 15 moles, of 2-5A can be easily 
detected. 

We have recently shown that dou¬ 
ble-stranded RNA causes formation of 
2-5A, nuclease activation, and de¬ 
gradation of mRNA in interferon- 
treated cells (Nilsen et al, in press). 
These cells were incubated with syn- 
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thetic double-stranded RNA, and 
formation of 2-5A was measured by 
the competition-binding assay de¬ 
scribed above. The double-stranded 
HNA does not easily pass through the 
cell membrane, because it is a poly¬ 
mer of high molecular weight; there¬ 
fore, we had to incubate the cells with 
relatively large concentrations of this 
RNA. When the cells were washed and 
the amount of double-stranded RNA 
present in the cell cytoplasm was 
measured, we were surprised to find 
negligible amounts of this RNA by a 
very sensitive assay. It appears that 
very small amounts of double- 
stranded RNA may cause nuclease 
activation and extensive degradation 
of cellular mRNA. 

Cells treated with doses of interferon 
sufficient to inhibit virus replication 
do not show any significant change m 
appearance or in growth characteris¬ 
tics (the antiproliferative effect of 
interferon is generally observed with 
much higher doses of interferon). 
Even after interferon-treated cells are 
infected with a few virus particles per 
cell, little or no change in their via¬ 
bility is observed. As discussed above, 
the synthesis of new proteins and 
enzymes induced by interferon pre¬ 
pares the cell to resist an infecting 
virus, but specific antiviral mecha¬ 
nisms may not be activated until a 
virus enters into a cell. The antiviral 
state is the state of readiness to acti¬ 
vate these defense mechanisms, but 
how can they be triggered uniquely by 
an infecting virus? This question does 
not have a simple answer, because 
different viruses replicate by different 
pathways, and it is unlikely that a 
common mechanism can be used to 
intercept all viruses in an infected 
cell. However, viruses that have RNA 
as their genetic material (these in¬ 
clude some common pathogens, such 
as polio, influenza, cold, and rabies 
viruses) may all be detected by the 
formation of replicative structures 
containing double-stranded RNA. 

The formation of extensively base- 
paired RNA is necessary for the acti¬ 
vation of the interferon-induced en¬ 
zymes. Systematic studies of the ac¬ 
tivation of the 2-5A polymerase and 
the protein kinase with polynucleo¬ 
tides of different size and base com¬ 
position have shown that only dou¬ 
ble-stranded RNA containing 50 or 
more base pairs is an effective acti¬ 
vator (Baglioni et al. 1980). Because 
RNA with base-paired regions of this 
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Figure 5. Activation of the enzyme 2-5A poly¬ 
merase is highly localized, since this enzyme is 
active only when physically bound to double- 
stranded RNA (see Fig. 3). It may bind to and 
be activated by viral replicative intermediates 
which are composed partly of double-stranded 
RNA. A viral replicative intermediate is shown 
here with a bound molecule of 2-5A polymer¬ 
ase, which is synthesizing 2-5A; endonuclease 
near the site of this synthesis is activated by 
forming a complex with 2-5A, As a result of the 
localized activation of the endonuclease, viral 
IINA formed by the viral replicative interme¬ 
diate is cleaved, whereas cellular mRNA, which 
is not located near the site of synthesis of 2-5A, 
is less likely to be cleaved by the endonu- 


size is not normally found in the cell 
cytoplasm, the strict size requirement 
ensures that neither interferon-in¬ 
duced enzyme is accidentally acti¬ 
vated in uninfected cells. Once a virus 
forms replicative structures contain¬ 
ing double-stranded RNA, however, 
the enzymes may bind to this viral 
RNA. The activation of the nuclease 
by means of synthesis of 2-5A might 
then lead to generalized degradation 
of cellular RNA and to damage to the 
cell. 

In recent studies in our laboratory, 
however, we have observed that cel¬ 
lular mRNA is not degraded in human 
cells treated with interferon and in¬ 
fected with encephalomyocarditis 
virus, although replicative structures 
containing double-stranded RNA may 
be formed during the infection. We 
believe that the nuclease is activated 
by 2 -5A in these cells in such a way 
that only viral mRNA is degraded, 
The specificity of action of the nu¬ 
clease can be observed in experiments 
in which viral replicative structures 
were incubated with extracts of in¬ 
terferon-treated cells: only viral 
mRNA was cleaved, whereas cellular 
mRNA was not significantly degraded 
(Nilsen and Baglioni 1979). In incu¬ 
bations with extracts of cells not 
treated with interferon, the viral RNA 
is not cleaved, , 

Other experiments were carried out 
with artificial substrates, constructed 


by inserting a double-stranded trad 
in cellular mRNA. This tract makes 
mRNA susceptible to degradation by 
nuclease activated by 2-5A in extracts 
of interferon-treated cells. The 2-5A 
polymerase presumably binds to the 
double-stranded trad, and is acti¬ 
vated to produce 2-SA, which in turn 
activates the nuclease. The nuclease 
then cleaves specifically single- 
stranded RNA near the double- 
stranded tract; we know this because 
other RNA molecules which do not 
contain such base-paired regions are 
not degraded, even when present in 
the same incubation. The 2-5A polv- 
merase/nuclease functions in a lo¬ 
calized way, which explains why only 
the viral RNA being synthesized by 
replicative structures containing 
double-stranded regions may be de¬ 
graded with high specificity (Fig. f>). 

The localized activation of the nu¬ 
clease near the site of synthesis of 
2 - 5 A may he due to a rapid degrada¬ 
tion of 2-5A in the cytoplasm, Several 
investigators have reported that the 
,2'-5' phosphodiester bonds of 2-;>A 
are rapidly cleaved by the enzyme 
^-phosphodiesterase (see Baglioni 
1979). The discovery of this enzy¬ 
matic activity explains some previous 
findings on the mechanism of action 
of 2-5A. This compound is degraded 
rapidly even at 0 °C in incubations 
with cell extract; the hall-life ofT5A 
at 37°C is very short. In the cell, 
therefore, the concentration of 2-5A 
depends on the balance between its 
synthesis and its degradation. Con¬ 
centrations of 2-5A sufficient to ac¬ 
tivate the nuclease may be present 
near the site of synthesis only when 
few viral replicative complexes con¬ 
taining double-stranded kna are 
formed. 

Both nuclease and ^-phosphodies¬ 
terase are present in about the same 
amount in untreated cells as in cells 
treated with interferon. This treat¬ 
ment, therefore, increases only the 
concentration of 2-5A polymerase, 
the enzyme that recognizes and in¬ 
teracts with viral replicative struc¬ 
tures containing double-stranded 
RNA. When interferon is removed 
from the culture medium, the 2 - 5 A 
polymerase activity declines and the 
cells lose their antiviral state. The 
synthesis of proteins induced by in- 
terferon is transitory, therefore, and 
cells kept in tissue culture do not 
maintain enhanced levels of these 
proteins. 


We do not know whether the 2-5A 
polymerase and protein kinase have 
other functions outside their role in 
the antiviral state. Some suggestive 
evidence for a role of the 2-5A poly¬ 
merase in cell differentiation was re¬ 
ported by Stark and co-workers 
(1979), who found elevated levels of 
this enzymatic activity in terminally 
differentiated cells, such as reticulo¬ 
cytes, and in cells undergoing a dras¬ 
tic change in their differentiation 
after withdrawal of a hormone. More 
recently, an increased level of 2-5A 
polymerase was observed in human 
lymphoblastoid cells treated with 
hormones which arrest their growth 
(Krishnan and Baglioni 1980). The 
enhancement of 2-5A polymerase 
activity in these cells does not appear 
to be mediated by the secretion of 
interferon. The functional signifi¬ 
cance of these changes in levels of 
2-5A polymerase activity remains to 
he established. 

Interferons as hormones 

Specific interferons are secreted ei¬ 
ther by various cell types or by cells 
exposed to various inducers. We can 
now distinguish three main types of 
interferon, designated a, J3, and 7. 
The first type is secreted by white 
blood cells (leukocytes) and the sec¬ 
ond by fibroblasts; both these inter¬ 
ferons are induced by viruses or by 
chemicals that may mimic a molecu¬ 
lar signal indicating the presence of a 
replicating virus. The 7 -interferon is 
secreted by lymphoid cells either ex¬ 
posed to a specific antigen to which 
they have been sensitized or stimu¬ 
lated to divide by a mitogen. This 
protein, called “immune’’ interferon, 
is quite different in its physicochem¬ 
ical characteristics from the other 
interferons. It is difficult to produce 
in large amounts and has not been 
purified to homogeneity as the other 
interferons have. 

All interferons induce the synthesis of 
the 2 - 5 A polymerase (Baglioni and 
Maroney 1980), and all have potent 
antiviral activity and some antiprol¬ 
iferative activity. This last activity is 
observed to a variable degree with 
different cell lines. The arrest of cell 
division is reversible; cells treated 
with a- or 0 -interferon resume 
growth once interferon is removed 
from the medium. Immune interfer¬ 
on, however, may actually kill some 
tumor cells (Rubin and Gupta 1980). 
The primary function of immune in¬ 


terferon may well be different from 
that of other interferons: possibly it 
regulates the proliferation of lym¬ 
phoid cells which are stimulated to 
divide in response to antigenic stim¬ 
uli, The molecular basis of the an¬ 
tiproliferative effect of interferon is 
unknown. 

The recent cloning of human inter¬ 
feron genes has lead to the discovery 
that there are about a dozen genes 
coding for cv-interferons. The amino 
acid sequence of some of these inter¬ 
ferons has been derived from that of 
the nucleotide sequence of the cloned 
genes, and it appears that all inter¬ 
ferons have a similar sequence 166 
amino acids long (Goeddel et al. 
1981). Two human /3-interferon genes 
have also been reported (Weissen¬ 
bach et al. 1980). The reason for the 
existence of multiple interferon genes 
is at present a matter of conjecture. It 
seems plausible that different inter¬ 
ferons have specialized functions, ei¬ 
ther in their interaction with specific 
cell types or in regulating cell prolif¬ 
eration. 

Interferons can be classified in a 
broad sense as hormones. They 
function in cell-to-cell communica¬ 
tion by transmitting specific mes¬ 
sages: interferons secreted from cells 
infected by a virus instruct other cells 
to alert their defenses against a viral 
infection. Unlike classical hormones, 
which are secreted by specialized 
cells, interferons can apparently be 
manufactured by most if not all cells. 
Are interferons or related proteins 
also involved in the physiological 
control of cell proliferation? Unfor¬ 
tunately, we do not yet know whether 
this is the case, though evidence is 
accumulating that at least some in¬ 
terferons have specific antiprolifera¬ 
tive activity. 

It may be appropriate to point out 
that a great deal is known about hor¬ 
mones that promote cell or tissue 
proliferation in a very specific way. 
Nerve growth factor and epidermal 
growth factor are two examples of 
proteins with growth-promoting 
properties. These proteins cause 
specific morphological changes and 
enhanced proliferation in cells in tis¬ 
sue culture. In contrast, little is 
known about specific growth-inhibi¬ 
tory factors since none has been iso¬ 
lated and its action studied at the 
molecular level Their existence 
seems likely, since a fine tuning of 


tissue growth and differentiation 
could be obtained only with a system 
of positive and negative stimuli. In¬ 
terferons or related proteins may be 
these growth-inhibitory factors, and 
tissue specificity may be character¬ 
istic of some interferon species, 

The prospects for 
therapy 

Interferons have been sparingly used 
in the therapy of viral diseases be¬ 
cause of the severe limitation in sup¬ 
ply. Viral diseases are generally self- 
limiting, since an infected organism 
produces interferon as a first line of 
defense to limit the spreading of an 
infecting virus and subsequently 
mounts an immune response that 
confers long-term protection. In pa¬ 
tients with severe immunodeficien¬ 
cies, however, interferon may repre¬ 
sent the main defense against devas¬ 
tating viral infections. A few kidney 
transplant recipients, who were kept 
immunosuppressed to prevent 
transplant rejection, have been 
helped by interferon injections to re¬ 
cover from life-threatening viral in¬ 
fections, 

With the promise of an unlimited 
supply in the near future, it seems 
possible that interferon might be used 
to cure some of the common viral 
diseases, such as hepatitis, influenza, 
and colds. As we envision the pros¬ 
pects, at the onset of an attack of in¬ 
fluenza a few shots of interferon may 
limit the severity of the infection and 
allow the patient to recover in a cou¬ 
ple of days from an illness that would 
otherwise linger for a week. In the 
case of hepatitis, which causes severe 
liver damage and increases the chance 
of liver cancer, the benefits of such 
therapy will be even greater. We hope 
to have soon a vaccine for hepatitis, 
however, possibly by producing large 
amounts of hepatitis virus proteins in 
bacteria by recombinant DNA tech¬ 
nology. 

The application of interferon as an 
antiviral drug will depend to a large 
extent on the supply and the cost. 
Some exasperating viral diseases, 
such as herpes genitalis, that are not 
life-threatening may be good candi¬ 
dates for therapy with interferon in 
conjunction with synthetic antiviral 
drugs. Some nucleotide analogs have 
shown promise in the therapy of 
particular viral infections; there is a 
strong possibility that these drugs 
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may have a synergistic effect with 
interferon and that a combination 
therapy may alleviate or cure herpetic 
and other infections. Several clinical 
trials of interferon as an antiviral drug 
are currently under way in different 
countries. 

The rationale for administering in¬ 
terferon, rather than relying on the 
interferon produced by an infected 
organism, is based on the observation 
that viruses differ greatly in their 
ability to induce the production of 
interferon, whereas nearly all viruses 
are sensitive to the effects of inter¬ 
ferons, Some viruses are poor induc¬ 
ers of interferon, for a variety of rea¬ 
sons—as an example, a cell may be 
killed so rapidly by a virus that it does: 
not have time to produce interferon. 
The infections by these viruses are 
the best candidates for therapy with 
interferon, 

It should be clear, however, that in¬ 
terferon is not likely to be used in the 
prevention of viral infections, outside 
of exceptional circumstances, for a 
very simple reason. The effects of 
interferon (the induction of the anti¬ 
viral proteins) are transient, and any 
protection afforded by interferon is 
likely to vanish in a few days. Re¬ 
peated injections of interferon to 
prevent, for example, a common cold 
hardly seem justified and may even 
be dangerous, since the enhanced 
defenses against infecting viruses 
induced by interferon may adversely 
affect some cellular processes. A te¬ 
leological argument for this conten¬ 
tion is that the antiviral state is pur¬ 
posely transient because it interferes 
with some normal cell activities. 

Direct experimental evidence for 
adverse effects of interferon has been 
obtained in studies with newborn 
mice infected with lymphocytic cho¬ 
riomeningitis virus (Riviere et al. 
1977), High levels of interferon are 
produced in response to this viral in¬ 
fection; the interferon itself causes 
runting, liver necrosis, and glomeru¬ 
lonephritis in these newborn animals, 
These adverse effects can specifically 
be prevented by the injection of 
anti-interferon antibodies. In this 
case, too much interferon has worse 
effects than the viral infection, Nev¬ 
ertheless, even with some reservations 
in mind, we consider that the pros¬ 
pects for interferon administration in 
the therapy of some viral diseases are 
promising. 
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Among the effects of interferon 
mentioned in Table 1 are the inhibi¬ 
tion of tumor growth and the en¬ 
hancement of natural killer (NK) cell 
activity. The first effect can be ob¬ 
served with tumor cells in tissue cul¬ 
ture and is due to a direct action of 
interferon on cell growth. Some 
tumor cells are extremely sensitive to 
this effect of interferon and stop di¬ 
viding altogether. In general, how¬ 
ever, when interferon is removed from 
the medium, the cells resume their 
growth ( 7 -interferon may be excep¬ 
tional in this respect, since it may kill 
tumor cells, as discussed earlier). 
Mutant cells resistant to the an¬ 
tiproliferative effect of interferon 
often originate from sensitive cells. 
The direct antiproliferative effect of 
interferon on tumor cells, therefore, 
does not appear to offer great promise 
for a radical antineoplastic therapy. 

In contrast, the activation of NK 
cells—lymphoid cells that attack and 
kill “foreign” cells—by interferon 
may be quite relevant for antineo¬ 
plastic therapy, The molecular basis 
for recognition of the foreign charac¬ 
teristics of cells is not known. The 
present in vitro assays for NK cell 
activity are based on the exposure of 
target tumor cells labeled with 51 Cr to 
selected populations of lymphoid 
cells; killing is measured by the 
amount of radioactive isotope re¬ 
leased from the dead cells. 

The activity of NK cells in intact an¬ 
imals, however, is difficult to assay. 
An experimental animal system, the 
nude mouse, has provided evidence 
for a role of NK cells in tumor rejec¬ 
tion and on the effect of interferon on 
NK cell activity. Nude mice are born 
without a thymus and have a defec¬ 
tive immune system; they can accept 
tissue transplants because of this 
congenital defect and are widely used 
as hosts to a variety of tumor cells. 
Yet, owing to the normal activity of 
the NK cell system, these mice do not 
show a high incidence of spontaneous 
tumors, and they reject transplants of 
tumor cells persistently infected with 
viruses and transplants of cells from 
human prostatic carcinomas, lym¬ 
phomas, and breast tumors (see Reid 
et al. 1981), The tumor cells rejected 
appear foreign to the NK surveillance 
system and are killed. 

Recently it was shown that the in¬ 
jection of anti-interferon antibodies 
in nude mice allowed human pros¬ 


tatic carcinoma cells and persistently 
infected tumor cells to grow invas- 
ively (Reidetal. 1981), Neutralization 
of interferon with the antibodies ap¬ 
parently prevents rejection of these 
cells. These results indicate that in- 
terferon is involved in the elimination 
of tumor cells, presumably through 
the activation of NK cells. It remains 
to be seen whether tumor cells in 
cancer patients are sufficiently for¬ 
eign to activate the NK cell system, 
possibly with stimulation from in¬ 
jections of interferon. 

The clinical trials of interferon in 
patients with cancer are based in 
large part on preliminary encouraging 
results reported over the past lew 
years by Cantell, Strander, and other 
investigators (for review, see Grosser 
and Tovey 1978), The present trials 
in the United States, sponsored by 
the National Cancer Institute, are 
being carried out in successive phases, 
The phase 1 trials are designed 
mainly to determine the doses of in¬ 
terferon that can be administered to 
cancer patients without any unde¬ 
sirable side effects. The patients are 
volunteers who may already have 
been treated with, and no longer re¬ 
spond to, conventional therapy. Since 
the disease in these patients is at an 
advanced stage and conventional ra¬ 
diotherapy or chemotherapy may 
have impaired their immune system, 
the outlook for complete remission is 
not very promising; however, the in¬ 
formation collected in phase 1 trials 
is necessary in order to proceed to 
successive phases. 

In the more advanced trials the ef¬ 
fectiveness of interferon will be eval¬ 
uated in patients at different stages of 
progression of their disease and with 
different schedules of treatment, 
Patients with breast tumors, lung 
carcinomas, and multiple myelomas 
will probably be among those treated 
on an experimental basis; these neo¬ 
plasias are quite frequent, and some 
promising preliminary results with 
interferon have been reported. It 
should be stressed that different tu¬ 
mors may respond quite differently to 
interferon or to other therapeutic I 
agents and that only extensive and j 
critical clinical experience can eval- 
uate interferon as an antineopiastic 
agent. 

The major risk in discussing clinical j 
trials is that of raising unrealistic ex¬ 
pectations. Interferons are not a \ 


be quite helpful against some forms of 
cancer or at some stages of progres¬ 
sion of the disease. The present trials 
are designed to assess the efficacy of 
interferon by statistically controlled 
clinical experimentation. Patients 
with cancer and their relatives are 
understandably anxious to know the 
results of such trials, but it will take 
at least a few years before we have 
widely significant information. In 
some cases a therapy combining in¬ 
terferon with other conventional 
drugs may be useful, and future clin¬ 
ical trials will probably explore still 
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Future studies should be directed at 
understanding the antineopiastic ef¬ 
fect of interferon at the molecular 
level. When we know hou> interferons 
inhibit tumor cell growth, we may be 
aide to make use of their full potential 
in the therapy of human diseases. 
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The development of geothermal en¬ 
ergy has been limited historically to 
the use of natural hot water and 
steam. Scientists are familiar with the 
Geysers geothermal field in northern 
California, the steam from which 
generates much of the electricity used 
in San Francisco. The Geysers pro¬ 
duces about 800 megawatts-electrical 
(MWe) and relies on the hydrother¬ 
mal component of a large thermal 
anomaly associated with the Clear 
Lake volcanic field adjacent to the 
steam field. The total thermal energy 
connected with this anomaly is about 
3,610 X 10 18 joules (J) (Smith and 
Shaw 1975), The resource being de¬ 
veloped today depends on the trans¬ 
fer of heat by circulation of ground- 
water through fracture systems above 
the heat sources, Probably less than 
5% of the energy is present as a hy¬ 
drothermal resource, however, What 
about the 95% remaining? 

Most of the heat is in rocks away from 
permeable fracture systems filled 
with water. In such rocks, cooling is 


All of the authors are employed in the Hot Dry 
Rock (HDR) Geothermal Research and De¬ 
velopment Program in the Department of 
Energy at the Los Alamos National Labora¬ 
tory, Grant Heiken is a geologist involved in 
the evaluation of the HDR resource in the 
United States, Hugh Murphy, a geothermal 
reservoir engineer, is leader of the geothermal 
technology group, Gregory Nunz is the man¬ 
ager of the HDR program at Los Alamos. Rob¬ 
ert Potter is a chemist and is one of the origi¬ 
nators of the HDR concept. Charles Grigsby is 
a geochemist working with the group, The 
authors wish to acknowledge the contributions 
of their many colleagues working on develop¬ 
ment of this energy resource, Address: MS 575, 
Los Alamos National Laboratory, Los Alamos, 
NM 87545. , 


Hot Dry Rock Geothermal Energy 

Man-made systems now make it possible to extract 
heat from rocks in areas where natural fluids are 
insufficient for the development of hydrothermal 
energy 


by conduction, an extremely slow 
process. Even if the temperature is 
not maintained or increased by fur¬ 
ther injection of magma, it may take 
several million years for the rock in an 
area like Clear Lake to cool to ambi¬ 
ent temperatures. The vast, hot rock 
thermal resources at Clear Lake and 
many other young volcanic fields in 
the world and the more widespread, 
but cooler, resources of thermal 
anomalies not associated with vol¬ 
canic fields could perhaps be ex¬ 
ploited by means of man-made geo¬ 
thermal systems. One such system is 
now being developed at the Los Ala¬ 
mos National Laboratory in New 
Mexico. 

Man-made geothermal systems, or 
the hot dry rock (HDR) geothermal 
concept, evolved in an interesting, 
albeit circuitous, way. In 1960 R. M, 
Potter, who was involved in the nu¬ 
clear rocket program at Los Alamos, 
and co-workers developed the notion 
of a rock-melting drill employing a 
heated bit made of a refractory metal. 
The idea first occurred to Potter 
while he was reading Edgar Rice 
Burroughs’s At the Earth's Core, In 
1970 a small group was formed to ex¬ 
amine this drilling concept. Led ini¬ 
tially by E. S. Robinson and later by 
J. C. Rowley, the group eventually 
developed and tested the subterme 
drill (Armstrong et al, 1962; Robinson 
et al, 1971). 

Techniques for disposing of the 
melted rock during drilling had to be 
designed, One method proposed was 
to fracture the rock adjacent to the 
well bore by pressurizing the melt, 
thereby disposing of it. Hydraulic 
fracturing is usually accomplished by 
building pressure in bore holes until 
it exceeds that of the overlying rock; 
this is common practice for stimu¬ 


lating production in oil and gas litltk 
While examining methods of hy¬ 
draulic fracturing, the Los Alamos * 
group thought of using such fraeHires 
to create circulation paths for fluid- 
in hot, but dry, rocks. 

The Los Alamos concept is a simple ■ 
one. Two nearly parallel well* art 
drilled, and one or more large hy¬ 
draulic fractures are then formed : 
(Fig. 1), Water moving down ihe in¬ 
jection well and through the fracture 
system is heated by cottlucl wit h t he 
hot rock and rises to the production j 
well. This hot fluid is passed through 
a heat exchanger at the surface, 
thereby setting up a circulation Imp, 
The idea, although simple in theory, 
is considerably more difficult to im¬ 
plement. To pursue and develop it. a f 
geothermal energy group under the 
leadership of M. O. Smith was estab¬ 
lished at Los Alamos in 1971, with the 
support of the Atomic Energy ('mu. 
mission. Since then the teehimai 
feasibility of the method has been : 
demonstrated in several successful ; 
energy-extraction tests, and the 
project has grown into an interna¬ 
tional program underwritten by the 
governments of the Federal Republic 
of Germany and Japan as well m t he 
United Stales. 

High-temperature 
geothermal resources 

It is necessary to determine the locu¬ 
tion and magnitude of the Him geo¬ 
thermal resource in order to stimulate L 
its development and use. initial j 
findings indicate the existence of n ; 
widespread, useful resource hast* in 
the U.S. (Fig. 2). This resource base 
includes all the thermal energy 
available to a depth of 10 km at tm- j, 
peratures greater than lfj°C that is : 
not part of a hydrothermal system k 


(Muffler 1979). The accessible por¬ 
tions of the resource, most of which 
are at depths less than 6 km, are of 
three types: a high-grade type with a 
temperature above 150°C, which is 
available for generating electricity; a 
lower-grade type, generally with a 
temperature between 90 and 150°C, 
which may be developed for direct 
applications, such as residential 
heating and industrial process heat¬ 
ing; and an even lower-grade type at 
a temperature below 90° C, which in 
general is not worth exploiting, but 
which may be used in special cir¬ 
cumstances—for example, in high 
latitudes, to keep water supplies from 
freezing. 

In nearly all high-grade geothermal 
areas, both hydrothermal and hot dry 
rock components are associated with 
young volcanic fields. These areas are 
parts of igneous systems—volcanic 
fields and the plumbing below 
them—that are relatively small, local 
anomalies a few to many tens of ki¬ 
lometers in diameter. Smith and 
Shaw (1975) have provided resource 
estimates for 164 igneous systems in 
the U.S. In such systems, large 
amounts of heat are transferred to 
shallow portions of the earth’s crust 
by the movement and emplacement 
of bodies of magma. The sizes and 
shapes of intrusive bodies and the 
amounts of heat they retain are de¬ 
termined by their surface structure, 
age, and volume and by the compo¬ 
sition of the products of eruption and 
the tectonic setting. On the basis of 
this information and what is known 
about the physical properties (e.g., 
viscosity and heat capacity) of the 
magmas, the total geothermal re¬ 
source base of igneous systems in the 
U.S. has been estimated by Smith 
and Shaw (1975,1979) to be 102 X 
10 21 J, which is equivalent to 191.9 X 
10 11 barrels of crude oil. The reason 
why only estimates are available is 
that most of these areas require fur¬ 
ther study. 

For HDR resource identification and 
evaluation, it is necessary to under¬ 
stand all varieties of igneous systems 
in order to determine the location and 
magnitude of the HDR and hydro- 
thermal components. Initial appraisal 
of these systems indicates that much 
of this resource is in the form of hot, 
but dry, rock. Resources in individual 
volcanic fields vary greatly, depend¬ 
ing on the age, composition, and size 
of the field, For example, the Yel- 
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Figure 1. In the hot dry rock geothermal ex- is heated by conduction from the hot rock, 
periment designed by researchers at the Los In such systems, the hot fluid, which rises 
Alamos National Laboratory, two nearly par- through the production well, can be used for 
allel wells are connected at depth by man-made heating or for generating electricity, depending 
fractures. Water injected into one well circu- on the thermal gradient and the depth of the 
lates through the fracture system, where it well. 


lowstone caldera system, located in an 
extensive volcanic field with a recent 
history of very large eruptions in¬ 
volving thousands of cubic kilometers 
of silica-rich volcanic ash, has an es¬ 
timated resource base of 36,100 X 
10 18 J. Great Sitkin Volcano in Alas¬ 
ka, a young stratovolcano with an 
estimated resource base of 13 X IQ 18 
J, is an example of another type of 
system, with small intrusions below 
the volcanic field and recent volcanic 
activity. Not nearly as impressive as 
Yellowstone, it still represents a 
considerable resource. 

Once the total geothermal resource 


base has been established, we must 
determine what fraction of the heat is 
transferred to the surface or near¬ 
surface by natural hydrothermal 
convection, and what fraction (hot 
dry rock) is cooling slowly by con¬ 
duction and could therefore be ex¬ 
tracted only by means of man-made 
systems. Surface manifestations of 
the hydrothermal portions, such as 
geysers and hot springs, are usually 
obvious and in many locations spec¬ 
tacular. The surface phenomena give 


in igneous systems is involved in hy- 
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low* At Yellowstone, for example, the 
hydrothermal component is 3.4%; at 
the Valles Caldera in New Mexico, it 
is only 1.0% (Brook etal. 1979). The 
remaining heat (96-99%) is not all 
amenable to HDR extraction tech¬ 
niques, although preliminary analyses 
indicate that much of it is. 

Lower-temperature heat 


An even larger, though diffuse, geo¬ 
thermal resource exists in many parts 
of the world. In regions exhibiting 
thermal gradients—rates of temper¬ 
ature increase with respect to 
depth—greater than 35° C/km and 
high heat flow, a large amount of heat 
is available for direct use in district 
heating, chemical plants, poultry 
processing plants, food processing, 
and so on. This resource, unlike the 
high-temperature resources used to 
generate electricity, is not limited to 
small regions and may consist of 
millions of cubic kilometers of rock 
underlying thousands of square ki¬ 
lometers of the earth’s surface (HDR 
Program Plan 1980; for its distribu¬ 
tion in the U.S., see Table 1). 

One type of resource of intermediate 
temperature is associated with buried 
granitic plutons. Relatively high 
concentrations of potassium, urani¬ 
um, and thorium in some plutons 
serve as radiogenic heat sources. 
When buried under sedimentary 
rocks, which serve as insulating 
blankets, these plutons may be a 
valuable thermal resource. This re¬ 
source is being tested along the At¬ 
lantic Coastal Plain of North Caro¬ 
lina, Virginia, Maryland, and Dela¬ 
ware by investigators from the Vir¬ 
ginia Polytechnic Institute and State 
University, who, on the basis of 
gravity and aeromagnetic and heat- 
flow measurements, have identified 
a chain of buried granitic plutons 
(Lambiase et al. 1980). Geothermal 
gradients over the plutons range from 
30 to 48°C/km. Lambiase and col¬ 
leagues are testing aquifers heated by 
these bodies; even if the flow within 
these aquifers is inadequate for the 
production of hot water for direct use, 
the heat may be extracted directly 
from the plutons using HDR technol¬ 
ogy. The temperature at the bound¬ 
ary between the plutons and the 
overlying sediments, at a depth of 2 
km, is believed to be nearly 90°C, 
which is high enough for direct use. 





Similar thermal anomalies are 
present in western New York (Hodge 
et al. 1979) and western Nebraska 
(Gosnold 1980). It is believed that 
they are due, at least in part, to heat 
generated by buried plutons of Pre- 
cambrian age. The market for such 
low-temperature geothermal re¬ 
sources is great in densely populated 
regions, and the hot water is used in 
chemical and food-processing plants 
and in district heating (Toth 1980). 
Although they are not nearly as hot as 
the young igneous systems, they are 
very large, enclosing areas of several 
thousand square kilometers, 

Another variety of thermal anomaly 
to be developed with HDR technology 
occurs in tectonically active regions 
with young volcanic systems within 
their boundaries. In all too many 
cases, however, regions like these, 
with tremendous potential for geo¬ 
thermal energy development, are 
nearly devoid of people and industry. 
One possible exception is the Rio 
Grande rift region, where the overall 
population density is low, but where 
most of the population of New Mex¬ 
ico lives. The rift is a major structural 
feature, characterized by late Tertiary 
to Holocene-age volcanism and recent 
tectonic activity, and consists of an 
elongate chain of tectonic basins that 
crosses Colorado, New Mexico, and 
part of northern Mexico (Riecker 
1979). It is believed, on the basis of 
petrologic and geophysical data, that 
the crust in the rift region is only 33 
km thick, in contrast to the typical 
thickness of 50 km for the adjacent 
Great Plains (Olsen et al, 1979; Keller 
etal. 1979). 


Figure 2. High-grade geothermal renouri 
those with temperatures greater 
150°C—are almost always associated 
young volcanic fields. Such fields [slum, 
dots) are widespread in the Alaskan penii 
and the Aleutian Islands arc {top), the wei 
continental U.S. (center), and the Haw, 
(Adapted from Smith 

Shaw 1975,) 


Associated with, and adjacent to, the of man-made systems is much larger flow of 3.8 hfu (Potter 1973; Murphy 
rift is a zone of high heat flow. With than that available through the nat- et al. 1977). The anomalously high 
an average flow of 2.5 heat flow units ural movement of groundwater, heat flow—by comparison, the aver- 
(1 hfu « 10~ 6 cal/cm 2 /sec = 41.8 When we have assessed the HDR res- age terrestrial heat flow is only ~1.5 
mW/m 2 ) and individual areas with ervoir components within the thermal hfu (Lee 1965)—is most likely due to 
flows as high as 4 hfu, the region, anomalies—a task to be completed residual heat from a large, cooling 
which extends over an area of about during the next five years—we will body of magma situated beneath the 
64,000 km 2 , is a substantial thermal have some idea of the real, usable volcanic field (Kolstad and McGet- 
anomaly (Reiter et al. 1975; Edwards HDR resource. chin 1978). 

et al. 1978). Where other tectonic 

features intersect the rift, there are rpi, p PYr , pr ; tv, p^fc The first well was drilled to a depth of 

volcanic fields that are thought to be P 2.93 km, where the temperature was 

high-grade geothermal anomalies. It Heat extraction experiments are 197°C. Following hydraulic fracturing 
is believed that much of the elevated currently in progress at Fenton Hill, near the bottom of the well, a second 
heat flow within the rift is caused by New Mexico, on the western flank of well was drilled toward the largest of 
the thinness of the crust and the ex- the Valles Caldera, a 22-km-diameter the fractures. Owing to instrumen- 
istence of a shallow zone of partial crater produced by volcanic collapse, tation errors during drilling, the well 
melting, but in areas of anomalously which is superimposed on a complex missed connecting with the fracture 
high heat flow, some of it is probably volcanic field (Fig. 3). The site is also by more than 9 m. Pressurizing the 
due to heat transfer by the intrusion conveniently located only 33 km west second well resulted in a fracture 
of magma bodies and to the move- of Los Alamos. Heat flow measure- parallel to the fractures produced in 
ment of groundwater along faults. ments indicated that the geothermal the first well. This fracture was m- 

gradient, VT, at this site is about tersected at a depth of 2.75 km by 
We have a long way to go to under- 100°C/km in the sequence of volcanic redrilling the first well from a depth 
stand the nature and extent of the and sedimentary rocks and about of 2.5 km (Fig. 4). The intent was to 
HDR resource in the U.S. Initial re- 55°C/km in the Precambrian meta- produce a large vertical spacing be- 
sults indicate that the amount of heat morphic and plutonic rocks below tween inlet and outlet locations, so as 
that may be extracted only by means them, which corresponds to a heat to maximize the effective heat- 


Table 1 . Lower-temperature hdr resources in the u.s. 


Region 

Range ol 
thermal gradients 
( °C/km) 

Potential reservoir 
rock units 

Most useful 
exploration techniques 

Main thermal 

sources 

East 

6-46 

Precambrian granitic, 
metamorphlc terrane 

Heat flow, gravity 

Heat generation in K-, U-, Th-rich 
granitic plutons 

Mid-continent 

8-55 

Precambrian granitic, 
metamorphlc terrane 

Heat flow, gravity, 
magnetotullurlc (MT) 

Heat generation in K-, U-, Th-rich 
granitic plutons 

Rocky Mountain 
area 

16->100 

Precambrian granitic and 
metamorphlc terrane, 
cemented sediments, 
volcanic rocks 
(very complex) 

Volcanology, heat flow, 
tectonics, MT, gravity 
aeromagnetics 

Heat generation in K-, U-, Th-rich 
granitic plutons, crustal thinning, 
magma 

Southwest 

14-84 

Precambrian and younger, 
granitic and metamorphlc 
terrane, metamorphosed 
volcanic rocks 

Volcanology, heat flow, 

MT, gravity 

Crustal thinning, magma 

Far west 

8—>100 

Granitic and metamorphlc 
terrane (variety of ages), 
tightly cemented 
sediments, greenstone 

Volcanology, heat flow, 
water chemistry 

Crustal thinning, magma 

Northwest 

8—>100 

Granitic and metamorphlc 
terrane (variety of ages), 
cemented sediments, 
thick basalt flows 

Heat flow, volcanology 

Crustal thinning, magma 

source: Cremer et al., in prep. 
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transfer area while achieving the 
;•% reasonably low flow impedance— 
Up defined as the pressure drop through 
Hf the fracture system connecting the 
Bp two wells per unit flow from the pro- 
W duction well—required for high rates 

| of heat extraction. The pressure drop 

is limited by tectonic stress con¬ 
straints; excessive pressure during 
heat extraction would cause contin¬ 
ued growth of the fractures and hence 
greater downhole water losses. With 
the flow path thus established, the 
first of a series of tests began. 

I A 75-day test of the closed-loop op¬ 
eration was conducted during early 
1978. Hot water from the production 
; well was passed through a water-to- 
air heat exchanger, in which the water 
was cooled to 25°C before being 
) reinjected. The purpose of the test 
was to observe the variables affecting 
the operation, including thermal 
I drawdown, water loss, fluid chemis¬ 
try, and microseismic activity, and to 
compare the results with theoretical 
models. The fractures were believed 
. to be vertical, because the minimum 
| component of tectonic stress is hori- 
| zontal at Fenton Hill, and the frac- 
| tures should be orthogonal to this. 

■. Test results indicated that the frac¬ 
tures were roughly parallel to each 
other and were elliptical in shape. 
Pumping tests suggested that the in¬ 
duced fractures remained partially 
open, even after depressurization, 
because of self-propping due to mis¬ 
alignment of rough surfaces, 
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The manner in which the fractures 
connect with the production well is 
complex. It was studied by means of 
temperature drawdown and recovery 
measurements, bore flow rates, visible 
dyes and radioactive tracers, and 
other methods used for logging wells. 
The interconnecting fracture system 
apparently consists of complex nat¬ 
ural fractures, or joints, with a dip of 
about 60°, which intersect both the 
vertical hydraulic fractures and the 
production well (see Fig. 4). 

In modeling the system, it was as¬ 
sumed that the injected water was 
confined to the fractures and that 
heat was transferred to the water by 
thermal conduction through the rock 
and convection within the fracture 
system. In this model the increase in 
heat-transfer area due to cracking 
caused by thermal stress was not 
considered. Such cracking is the re¬ 
sult of differential expansion of rock 
that extends over a sharp tempera¬ 
ture gradient (Murphy 1978; Demuth 
and Harlow 1980). 

During the 75-day experiment, the 
peak thermal power extracted was 5,1 
megawatts-thermal (MWt), and the 
average thermal power was about 4 
MWt. Temperature measurements, 
used in conjunction with heat-trans¬ 
fer models, indicated that the small 
fracture system had an effective 
heat-transfer area-defined in the 
modeling as the half-surface, or sin¬ 
gle-face fracture area, exposed to 


Figure 3. The site of the Los Alamos hoi dry 
rock geothermal experiment is a plateau bor¬ 
dering the Valles Caldera, a million-year-old 
major volcanic feature. Two towers [indkated 
by arrows ) cover wellheads for the first exper¬ 
iment, and the drilling rig is over one of two 
deeper wells (total depth 5 km) that are being 
developed into a larger, hotter production 
system in a second experiment. 


flow—of about 8,000 m 2 ~~equivaknt 
to a fracture with a radius of about 50 
m. During the test, the water loss was 
high initially but declined rapidly to 
0,13 liter/sec, or 1% of the flow rate. 
Flow impedance declined almost 
continuously and after 75 days was 
one-fifth of its original value. This 
may have been due to the decrease in 
temperature, the increase in the ef¬ 
fective downhole pressure, anil the. 
opening of fractures that were dosed 
at lower pressures. It is also possible 
that with the gradual reduction in 
temperature, the openings of the 
fractures were widened (Tester et si. 
1980). 

Water from the reservoir was ana¬ 
lyzed daily; throughout the test, the 
water chemistry remained benign, 
with a total concentration of dissolved 
solids of less than 3,000 ppm (0.3$) 
and a pH of 7 db 0.5. The observed 
temperature changes were consistent 
with those predicted by reservoir 
modeling. After 75 days, the temper¬ 
ature drop at the outlet was l(Ki°f’. 
Observed and predicted values of tin- 
thermal energy of the fluid produced, 
as a percentage of the initial thermal 
energy, are shown as a function of 
time in Figure 5. 

A second major test followed the hy¬ 
draulic expansion of an existing 
fracture in the injection well at a 
depth of 2.93 km. This second, larger 
fracture grew upward to about 2.6 km. 
and the inlet-to-outlet spacing ap¬ 
peared to be '*'■'300 m (see Fig. 4), 

The maximum temperature of the 
rock surface in a fracture can he es¬ 
tablished by measuring the concen¬ 
trations of dissolved species—notably 
Na+, K+, and Ca ++ , as well as 
Si 02 —that result from interaction 
between the water and the granitic 
reservoir rocks. When the water and 
the rock are in chemical equilibrium, 
the ratios of these species are given by 
the empirical Na-Ca-K geother- 
mometer relationship (Fournier and 


Truesdell 1974). The quartz geo- 
thermometer (Morey et al 1962) 
provides an indication of the tem¬ 
perature at which dissolved SiOy was 
last in equilibrium. According to 
these geothermometers, the maxi¬ 
mum reservoir temperature early on 
in this second test was 190°C, close to 
the mean equilibrium temperature of 
the new fracture. The outlet temper¬ 
ature at the surface was also nearly 
constant, at 153°C, and declined by 
only H°C in the 288 days of sustained 
operation up to the time when this 
paper was prepared. 

'The estimated heat-transfer area of 


they can be connected by multiple, 
parallel, vertical fractures to provide 
a total heat-transfer area of at least a 
million square meters. The first well, 
with a depth of nearly 4.5 km, at 
which the temperature is 327 °C, has 
been completed. The second well is 
still being drilled. After the wells have 
been connected by fractures, the pilot 
plant-size system will be tested to 
verify its capacity and projected life¬ 
time. Then it can be used by a local 
company to generate electricity. 


Economics of HDR energy 

If the HDR technique is to be devel¬ 
oped as an industrial technology, its 
economic viability must be demon¬ 
strated. Preliminary economic stud¬ 
ies—largely the work of Tester and 
colleagues (1979) and Cummings, 
Franklin, and Nunn (1979)—exam¬ 
ined the cost of electricity generated 
from HDR resources and determined 
which factors most affect the cost. 

An HDR geothermal system has cer¬ 
tain unique characteristics compared 
to the natural fluid systems currently 
functioning. First, the operating 


the enlarged fracture system was 
about 50,000 m 2 , more than six times 
the area of the initial reservoir. The 
water loss was only twice that in the 
first, test, however, despite this sixfold 
increase in reservoir area. In any case, 
these are short-term losses; in sus¬ 
tained operations, the water loss di¬ 
minishes as the pores in the sur¬ 
rounding rock become filled. 

Comprehensive monitoring of the 
environment at Fenton Hill revealed 
no harmful effects. No seismic events 
due to circulation of water within the 
heat-extraction loop were detected 
using a seismic network sensitive to 
local earthquakes measuring -1 on 
the Richter scale (too small, by a 
factor of 10,000, to be felt). In fact, 
with even more sensitive, downhole 
geophones, no microseismic events 
measuring more than -3 were de¬ 
tected during the heat extraction ex¬ 
periments. No adverse effects on 
ground or surface waters, the atmo¬ 
sphere, or local plants and animals 
were noted (Kaufman and Siciliano 
1979), and because the heat circulated 
in a closed loop, no harmful gases 
were released. 

The enlarged research reservoir—the 
second such reservoir formed between 
a single pair of wells—supports the 
contention that large, multiple frac¬ 
tures can he created between a single 
pair of wells, thereby improving pro¬ 
ductivity and reducing costs. Ten to 
twenty fractures of this size are re¬ 
quired for commercial-size reservoirs 
in which 20 to 50 MWt might be pro¬ 
duced for 20 years. 

With this in mind, a new pair of wells 
is being drilled at the Fenton Hill site, 
to produce a much larger and much 
hotter system. The new wells are 
being drilled in directions such that 



km production well injection well 



Figure 4. The fractures, interconnecting nat¬ 
ural joints, and wells that make up the reservoir 
in the initial experiment are shown schemati¬ 
cally (above). The second reservoir (below was 
created by further hydraulic fracturing and has 
six times the surface area of the first, and hence 
much greater access to the heat contained m 
the rock. In each case, the colored line shows 
the circulation of the fluid down the injection 
well, through the fracture and natural joints, 


temperature—that is, the tempera¬ 
ture of the fluid produced—can be 
selected, since it depends on the local 
value of the geothermal gradient and 
the depth at which the reservoir is 
established. Second, in the absence of 
both cracking caused by thermal 
stress and augmentation of the heat- 
transfer area, the reservoir is a de¬ 
clining-temperature source, since the 
rates that are practical for heat ex¬ 
traction from the rock are greater 
than the natural rate of heat influx, 
Both these characteristics have im¬ 
plications pertinent to the cost of 
HDR-derived energy. The cost of 
minimizing the environmental impact 
should be small at most sites. 

The early studies by Cummings, 
Franklin, and Nunn (1979) clearly 
establish the importance of the design 
and management of man-made res¬ 
ervoirs and the accompanying surface 
plants. A major fraction of the cost of 
an HDR system is represented by the 
expense of drilling, which increases 
very sharply—exponentially, ac¬ 
cording to one preliminary study— 
with increasing depth. At a given site, 
the depth necessary to reach a certain 
temperature depends on VT. For 
maximum thermal efficiency, it is 
desirable to drill to the highest tem¬ 
perature that is manageable, High 
temperatures also permit lower flow 
rates and pressure drops for a given 
power level and thus tend to lower the 
capital costs of the surface plant. On 
the other hand, not only does the cost 
of drilling increase with depth, and 
hence temperature, but the operation 
and maintenance costs of the surface 
plant may go up as a result of in¬ 
creased mineral solubility and higher 
reaction rates, and the concomitant 
potential for scaling and corrosion. 
The optimum temperature involves 
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Figure 5. The performance of the HIM system 
at Fenton Hill, New Mexico, has been studied 

by observing the temperature drawdown.the 

percentage reduction of the initial thermal 
energy of the fluid produced—over a period of 
time. The data points show the observed val¬ 
ues, whereas the lines show how the drawdown 
was expected to change with time according to 
reservoir models. The surface area of the fir.it 
reservoir was taken as 8,000 m a , that of the 
second as ~50,000 m 2 . There was very little 
thermal drawdown for the second reservoir, hut 
a great deal, particularly during the first three 
weeks, for the first. The discontinuity in the 
curve for the first reservoir reflects the dou¬ 
bling of the circulation flow rate at that 
point. 
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factors and will vary from site to site 
(Tester and Grigsby 1980). 

j There are several possible ways of 

1 dealing with temperature drawdown. 
The fracture system could be made so 
large initially that the drawdown at 
the nominal power, or loading, level 
would be negligible over the lifetime 
of the power plant. This approach 
could be very expensive, and it would 
leave a large fraction of the heat 
available to the system unutilized. 
Alternatively, the surface system 
could be designed to accommodate 
some degree of thermal drawdown. 
This approach would significantly 
affect the choice of operating cycle 
and the cost of the surface facility. A 
third option is to rejuvenate the sys¬ 
tem periodically, by redrilling (side¬ 
tracking in a new direction at some 
level in the existing pair of wells and 
then fracturing), refracturing (con¬ 
necting by later fracturing a section 
between two wells that was deliber¬ 
ately left unfractured initially), or 
switching (creating two or more res¬ 
ervoirs initially, but providing some 
downhole mechanism for using them 
one at a time). 

At this stage in the development of 
the technology, it is premature to 
make definitive statements about the 
cost of HDR-derived energy. However, 
preliminary results obtained by 


range of assumed conditions, the 
break-even prices of electricity gen¬ 
erated from HDR sources are compa¬ 
rable to the projected prices for other 
alternative energy sources. 

Man-made geothermal systems are 
now a reality: we are beyond the 
conceptual phase and well into the 
engineering development work. If the 
experiments in New Mexico and at a 
second site (to be selected during the 
next two years) are successful, it may 
be possible to develop this vast ther¬ 
mal resource. Interest in man-made 
geothermal systems has spread. The 
government energy agencies of West 
Germany and Japan are participating 
in the Los Alamos experiments, and 
there is an even broader, mutual in¬ 
terchange of both scientists and in¬ 
formation under a formal agreement 
with Italy and informal agreements 
with universities in Thailand, Great 
Britain, Canada, Sweden, Denmark, 
Iceland, Israel, and Mexico. 

We look forward to the day when 
commercial geothermal wells will be 
drilled over thermal anomalies with¬ 
out regard for the type of system. 
Where the production of natural fluid 
is adequate, the hydrothermal re¬ 
source would then be developed; 
where the fluid production is inade¬ 
quate, the well would not be aban¬ 
doned, as is currently the practice, 


^'*££ stk id'sr;;; 

£ tracted ^ tot dry rock 

(1979) indicate that, over a reasonable technology. * 
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David L. Browman 


New Light on Andean Tiwanaku 

A detailed reconstruction of Tiwanaku’s early 
commercial and religious empire illuminates the 
processes by which states evolve 


The extensive ruins of the fifteen- 
hundred-year-old city of Tiwanaku, 
also known as Tiahuanaco, lie on the 
Bolivian aftiplano, near the southern 
edge of Lake Titicaca, at an elevation 
of 3,850 m (Fig, 1), The second of the 
three great Andean empires, standing 
between the Chavin and the Inca 
civilizations, Tiwanaku was a 
preeminent influence in both religion 
and commerce in the first millennium 
A.D., and indeed provided the cultural 
patterns refurbished by the Inca 
conquerors centuries later. 

Yet in some respects, the Tiwanaku 
people have been seen as something 
of an enigma. Earlier cultural recon¬ 
structions showed them suddenly 
appearing out of nowhere, controlling 
a substantial area of the Andes from 
the Ecuadorian border on the north 
to central Chile and northwestern 
Argentina on the south, and just as 
suddenly disappearing, thus paral¬ 
leling the kind of abrupt appearance 
and disappearance once proposed for 
the Maya. New research reveals a 
more reasonable cultural history, 
building on a variety of archaeological 
techniques: new excavations that 
suggest a gradual, linear evolution of 
the Tiwanaku culture, as seen in the 
continuity of such material traits as 
ceramics and architecture; archaeo- 
' zoological' and archaeobotanical 
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studies of recovered traces of animal ' 
and plant specimens that help to ; 
outline subsistence patterns; trace- ■ 
element analyses useful in recon¬ 
structing trade routes; and recon¬ 
structions of protolanguages that aid 
in the identification of original lan¬ 
guage stock. 

What was the basic subsistence pat¬ 
tern of the earliest Tiwanaku people? 

At nearly 4,000 m, the city was sit¬ 
uated above what we in the Northern 
Hemisphere generally regard as ag- 
ricultural lands. While tuber agri¬ 
culture with secondary pastoralism 
based on husbandry of camelids—the 
llama and the alpaca—was well es¬ 
tablished by Inca times and contin¬ 
ued under the later Spanish conquest, 
how ancient is this pattern in the al- 
tiplano? Did the inhabitants of Ti¬ 
wanaku represent the first agricul¬ 
tural folk? Recent evidence suggests 
that the basic pattern of seed and 
tuber agriculture with supplementary 
camelid pastoralism was firmly es¬ 
tablished in the Lake Titicaca basin 
by at least the middle of the second 
millennium B.c. 

The earliest domesticated species in 
the Andes were apparently not plants 
but animals—the guinea pig, the 
lama, the alpaca, and the dog 
Browman 1974; Wing 1978), Old 
World scholars suggest that pasto- 
rahsm universally developed as a poor 
relation of agriculture, appearing in 
marginal areas where former farmers 
reluctantly turned to herding ani¬ 
mals. In tiie Andes, the opposite may 
be true. Current evidence appears to 
support the idea that the highlanders 
were pastoralists first, and that An¬ 
dean plant cultivation developed in 

areas marginal to herding, where 
former herders turned to growing 
plants or where herding was imprac¬ 


ticable. If further work supports the 
primacy of animal domestication, 
then present models of cultural evo¬ 
lution will have to be modified. 

Osteological evidence indicates the 
beginning of extensive management 
of the Andean camelids by 7000 B.C. 
(All dates are derived from uncor-i 
rected radiocarbon years; although! 
they represent radiocarbon rather] 
than sidereal time, for convenience! 
they are expressed as real A.D. or b.c| 
dates.) Shifts in culling and cropping 
patterns, in sex ratios, and in popuj 
lation parameters are observed! 
suggesting a change from predation o| 
hunting to management or herding, 
Throughout the central Andes the 
consolidation and integration of the 
pastoral regime is well underway by 
4000 B.c. In this early camelid herding , 
the animals were important primarily! 
as a source of meat. The reliance o J 
llamas as a source of woolen goods.! 
and as a means of transporting bulky! 
commodities between various groupil 
of consumers, seen in modern paste*! 
ral groups in this area, did not become? 
predominant until later. 

While the transition from carnivorous 
pastoralism to the modern modi 
should be easily identifiable in th J 
faunal assemblages, we do not yeti 
have the necessary record for the Til 
ticaca basin to pinpoint the momenl 
at which it occurred. In the light ol 
other economic and social develop! 
ments, I expect that we will ultll 
rnately identify the shift as taking! 
Place between the first and seconi 
millennia B.c. This change is particl 
marly important, because it marks a * 
change in the social relations of pro-" 
auction that has important conse¬ 
quences for the later development of 1 
the Tiwanaku polity. Both the earlier 
bunting of camelids and, to some ex¬ 


tent, carnivorous pastoralism placed 
an emphasis on maximizing sustained 
yields and thus implicitly limiting 
herd size. By contrast, when wool and 
transportation are the primary con¬ 
sideration the strategy is one of 
maximizing herd size and implicitly 
limiting caloric yields, since direct 
consumption of the animals in effect 
entails the destruction of wealth (In¬ 
gold 1980). 

In hunting societies, and to a lesser 
extent in carnivorous pastoralism, the 
highest value is on sharing the kill, 
Men are motivated to produce by an 
ideal of generosity, and status is 
achieved through the prestige asso¬ 
ciated with generosity. In carnivorous 


pastoralism, the emphasis is basically 
■ on ownership of the dead animals. By 
contrast, when wool and transport 
become paramount the emphasis is 
on the live animals. Status and wealth 
are now based on the number of 
transport animals an individual owns, 
the amount of wool produced, and the 
number of animals that can be loaned 
or given. An earlier ideal of generosity 
is replaced, one might argue, by an 
ideal of parsimony, To gain social and 
political status, an individual must 
control a large number of animals. 
Complex mechanisms evolve for 
sharing labor, and shared labor re¬ 
places shared meat as the vehicle for 
social solidarity. A complete devel¬ 
opment of this thesis must be saved 


for another occasion; the purpose of 
this summary is simply to point out 
that with the shift to a pastoralism 
based on wool and transport, we al¬ 
ready have an inherent shift toward 
nonegalitarian accumulation of 
wealth and inherited hierarchical 
stratification, as well as the practical 
means for amassing and transporting 
large quantities of material goods. 

Shortly after 2000 B.C. further 
changes appear in the archaeological 
record, among them the development 
of new technologies such as ceramics, 
the appearance of new architectural 
techniques related to the establish¬ 
ment of sedentary villages, and an 
increasing reliance on a wide range of 















domesticated plants. These changes 
may be attributed in part to the social 
and economic trends already identi¬ 
fied, but I believe that population 
pressures (Cohen 1977) are the single 
most important contributing factor. 

Initially the pastoralists would be 
able to enlarge their herds by ex¬ 
panding into areas not occupied by 
other herders and by displacing the 
wild guanaco, vicuna, deer, and other 
grazers, The increase in human pop¬ 
ulation would be dealt with simply by 
expanding into unoccupied or un¬ 
derutilized territory. Eventually, 
however, the point is reached where 
all available pasturage is already 
being exploited, and the remaining 
free lands are not particularly suited 
to pastoralism. In the Titicaca basin, 
fragmentary evidence suggests a shift 
to new productive techniques some 
four thousand years ago. I postulate 
that it was at this time that the 
carrying capacity of the region in 
terms of carnivorous pastoralism was 
reached, and population pressures 
made it attractive to place increasing 
reliance on more labor-intensive 
techniques of exploitation. 

Early plant and mineral 
resources 

By 1200 to 1000 B.C. a number of 
sedentary villages—Marcavalle, Qa- 
luyu, Pucara, Taraco, Chiripa, Ti¬ 
wanaku, Wankarani, and Soko- 
tina—can be identified in the region 
(Browman 1980) (Pig. 2). Only in the 
last decade have archaeologists in the 
Andes had available to them tech¬ 
niques for the recovery and identifi¬ 
cation of domestic plants from open 
village sites, where decay processes 
generally destroy all macroscopic 
evidence, One of these techniques, the 
archaeobotanical analysis of flotation 
samples, was applied to the analysis 
of materials from my excavations at 
Chiripa. 

Plants introduced into human set¬ 
tlements were frequently burned, ei¬ 
ther deliberately or accidentally. Al¬ 
though most of the plant is com¬ 
pletely consumed by fire, it has been 
discovered (Watson 1976) that min¬ 
ute charred portions remain. If soil 
from an archaeological excavation is 
gently agitated in water, a froth is 
formed which consists of modern 
rootlets, minute bits of charred plant, 
snail shells, and small, light bones 
from rodents, birds, and fish. Certain 


other, denser charred material sinks 
to the bottom of the sample. These 
two fractions may thus be separated 
and identified. While water is the 
most frequent medium, recovery may 
be enhanced by the use of certain 
chemical solutions of selected specific 
gravities that maximize separation. 

In our work at Chiripa we used a 
fine-mesh screen with openings of 
0.25 mm 2 to skim off the froth on top 
of the samples, which were agitated in 
local spring water, and a larger mesh 
with openings of 2.25 mm 2 to collect 
the heavier fraction. Identification 
posed a major problem, While we 
have access to excellent herbaria, 
such as the Missouri Botanical Gar¬ 
dens in St. Louis, and while we have 
made our own on-site herbaria of local 
plants, it is often difficult to identify 
the minute fragments recovered, 
since charring sometimes distorts the 
configuration of the plant parts. We 
also at times encountered plants 
whose economic importance had not 
previously been reported, and which 
had not been included among our 
comparative materials. 

Analysis of phytoliths in the Chiripa 
materials is also being undertaken. 
Phytoliths—microscopic biogenetic 
opal material found in certain 
grasses—can be extracted from two 
major sources: soil samples from the 
various occupation levels and silica 
deposits on the teeth of llamas and 
alpacas. Identification of plants in the 
occupation levels would obviously not 
be restricted to species used for food; 
we would also expect to find plants 
used for technological purposes—for 
example, basketry, bedding, and roof 
construction—as well as special- 
purpose plants such as medicinal 
herbs. Identification of phytoliths 
found on llama and alpaca teeth 
would reveal what fodder was fed to 
these animals and would thus tell us 
more about patterns of animal man¬ 
agement. Pearsall (1978 and 1980) 
has been successful in identifying 
domestic plants in the Andes through 
phytolith analysis, and in the process 
has been able to push back the date of 
first domestication of two species. 
Phytoliths are present in the Chiripa 
soil and in archaeozoological samples 
from the site, but we have not yet 
achieved comparable results. 

On the basis of plant remains from 
Chiripa and the area of Lake Titicaca, 
we can document the integration of a 


Figure 2. The Bolivian altiplano, a high, flat 
plain lying between two vast Andean mountain 
ranges, served as the cradle of the Tiwanaku 
civilization. Tiwanaku was one of a number of 
early sedentary villages that grew up around 
the shores of Lake Titicaca, ultimately be¬ 
coming the center of a powerful trade federa¬ 
tion whose influence extended to western Bo¬ 
livia, northern Chili, northwestern Argentina, 
and southernmost Peru. 


number of important seed and root 
crops into the altiplano economy by 
the period 1500 to 1000 B.C. These 
crops include several chenopod and 
amaranth grains: quinoa (Chmopo- 
diurn quinoa), canihua ( Ch. pallidi - 
caule), and achita, or coimi {Amur- 
anthus caudatus); three different 
legumes: taruii {Lupimsmutabilis), 
jiquima (Pachyrrhizus ahipa ), and 
the common bean ( Phaseolus uulRti- 
ris); and four different tubers: potato 
(probably the tetraploid Solatium 
tuberosum), oca (Oxalis tuberm), 
mashua, or afiu (Tropaeolum tub¬ 
erosum), and ullucu (Ullucm tub - 
erosus) (Browman, in press; Piek- 
ersgill and Heiser 1978). These plants 
were still being grown as the primary 
crops at the time of the first Spanish 
conquest of the area. 

Routine identification, however, fails 
to make clear one very interesting 
aspect of this assemblage. Plant do¬ 
mestication in the altiplano required 
the simultaneous development of 
detoxifying techniques. The majority 
of the plants listed above contain 
significant levels of toxins in an un¬ 
treated state. For example, the potato 
species that are most resistant to frost 
and that grow best at high altitudes 
also contain the highest levels of gly- 
coalkaloid solanine. In addition, the 
potato contains an inhibitor for a 
wide range of digestive enzymes nec¬ 
essary for breaking down proteins- a 
particularly unfortunate trait at high 
altitudes, where differential partial 
oxygen pressure already impairs the 
chemistry of protein breakdown. 
Potatoes also belong to a group of 
plants that are nitrate accumulators, 
and thus possess the nutritional dif¬ 
ficulties common to such plants as 
well. 

Altiplano farmers have for several 
thousand years produced the freeze- 
dried potato, or ch’ufio, by a process 
of freezing, leaching, and sun-drying. 
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The initial explanation for this pro¬ 
cess was that it produced a food 
I >roduct that could be stored for long 
periods of time. The tact that ch’uno 
can be stored for six years or more 
made it possible to reserve surpluses 
from bumper years and to have a se¬ 
cure year-round food base, permitting 
farmers to become involved in non- 
subsistence activities such as religion, 
science, philosophy, and politics. We 
can now suggest another rationale. 
Leaching and sun-drying are neces¬ 
sary to remove the majority of the 
solanine and to lower excessive ni¬ 
trate levels, and the subsequent 
cooking of the freeze-dried products 


destroys the inhibitors of digestive 
enzymes. Rather than arguing that 
freeze-drying was motivated only by 
a desire to produce a secure food base, 
allowing more elaborate socio-cul- 
tural development, one could hold 
that this technology was mandatory 
to make the potato available as a us¬ 
able nutritive source. Both factors are 1 
clearly present. 

The other plants identified as early 
domesticates at the Titicaca sites 
have similar levels of toxins, and all 
require the use of various detoxifica¬ 
tion techniques to make them suit¬ 
able for human consumption. Oca has 


significant amounts of oxalates; qui¬ 
noa and canihua have high levels of 
hydrocyanic acid and the alkaloid 
saponin; amaranth is a nitrate accu- ; 
mulator and has high levels of oxa¬ 
lates; tarwi contains the poisonous 
alkaloid lupinine; beans contain 
varying levels of the cyanogenetic 
glycoside phaseolunatin; and so on 
(Browman, in press). In some in¬ 
stances the detoxifying procedures 
serendipitously result in an end 
product that has excellent storage 
features, multiplying the beneficial 
effects of the technology. Where the 
detoxification technology does not 
have this added effect—for example, 






in the case of quinoa, amaranth, and 
tarwi—the plants generally already 
have excellent natural storage char¬ 
acteristics. There is as yet no satis¬ 
factory explanation for the develop¬ 
ment of detoxification processes. 
Why the early inhabitants of the Ti¬ 
ticaca basin continued to experiment 
with plants that must have given 
ample gastrointestinal distress during 
unsuccessful tests until they achieved 
a practical technology is a question we 
must still seek to answer. 

Not all plant resources were domest¬ 
icated. Fruits of various cacti, pre¬ 
dominantly Opuntia spp., were col¬ 
lected and eaten. Lake Titicaca itself 
was a major source of plant food. 
Rhizomes, tubers, and portions of the 
stems of the lakeside totora ( Scirpus 
sp.) and of certain reeds [Juncus sp.) 
were eaten. The spongy, moist, white 
pith of the totora stem is still sold as 
a delicacy in regional markets and at 
village festivals. Dense growths of 


caravan drovers from the area of 
Paratia, in the department of Puno, 
Peru, complement their loads with 
bags of two different varieties of edi¬ 
ble clays, which they then trade in the 
Lake Titicaca area for tubers and 
grains (Flores Ochoa 1977). Refer¬ 
ences in the literature identify a 
dozen or more clays and minerals 
traded in the puna and altiplano 
areas. The bioavailability of minerals 
in all these clays has not been estab¬ 
lished; some clays, rather than being 
possible sources of minerals, bind 
nutrients in the form of insoluble 
compounds and thus remove ele¬ 
ments from the nutritional base 
rather than adding to it. However, in 
the case of two of the most frequently 
used clays, hydrated aluminosilicates 
known as p’asa and ch‘aqo, Cespedes 
and Villegas (1977) have demon¬ 
strated that soluble salts of alumi¬ 
num, magnesium, iron, sodium, cal¬ 
cium, and potassium are present. 


culture and camelid pastoralism 
Mobile populations tend to have little 
in the way of material possessions, 
since all goods must be picked up and 
carried each time a group moves on. 
However, with the establishment of 
sedentary villages, which was per¬ 
mitted by the development of a mixed 
agricultural and pastoral subsistence 
base, material goods begin to accu¬ 
mulate. New technologies are added, 
in our area including pottery making 
and metallurgy, and existing tech¬ 
nologies, such as basketry and weav¬ 
ing, become much more elaborate. 

Pottery is particularly useful for 
fine-scale dating. Vessels in everyday 
use generally have a life-span of from 
one to three years; storage vessels and 
ceremonial or religious vessels have 
longer life-spans, but usually no more 
than 20 to 25 years on the average. 
Since ceramic styles changed nearly 
as rapidly as modern dress and auto¬ 
mobile styles, it is possible, on the 


water weeds and algae are found 
along the shores of the lake. Dried 
bricks of these water plants are still 
carried by llama trade caravans in 
southern Peru and on the Bolivian 
altiplano, and in some areas these 
bricks are used as standard units of 
trade (Casaverde Rojas 1977). 

The appearance of these aquatic re¬ 
sources in our archaeological record 
was a surprise, since earlier research 
had completely overlooked them. 
Analysis now in progress indicates 
that they may include submersed 
vascular plants such as Azolla sp., 
Myriophyllum sp., Elodea sp., and 
Potamogeton sp.; the green alga 
Cladophora; the blue-green alga 
Nostoc; and the algal stonewort 
Chara. Work on related species of 
Myriophyllum, Potamogeton, Elo~ 
dea, and Chara native to the United 
States has demonstrated that these 
aquatic plants are excellent sources of 
protein, with values of crude protein 
ranging from 10 to 25% (Boyd 
1968). y 

Direct ingestion of minerals, or geo- 
phagy, is an important source of cal¬ 
cium, iron, magnesium, sodium, and 
potassium among some Lake Titicaca 
populations today. This practice is 
well known during the historic period, 
and we believe we may have recov¬ 
ered some evidence of it as early as 
600 B.C, at Chiripa. Trade in edible 

clays is another activity of the disap¬ 
pearing llama caravans. Even today 
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The specific prehistoric mineral 
source we have identified is katawi, or 
cal, which is prepared by calcining 
calcium-containing rocks and grind¬ 
ing the remains into a fine powder. 
Katawi is not eaten as a pure sub¬ 
stance, but rather—as is the case with 
all comestible clays and minerals—is 
used as a sauce or condiment with 
either tuber or chenopod grain dishes. 
It has been suggested that in addition 
to providing needed minerals missing 
from the diet, these comestible clays 
may also interact with residual plant 
toxins to form insoluble precipitates, 
thus enhancing the nutritional value 
of available plant resources. This is an 
intriguing hypothesis, but one which 
has not yet been tested. Small de¬ 
posits of katawi have been recovered 
from an excavation unit at Chiripa 
which has been assigned a date of 
600-350 B.c, by radiocarbon and 
thermoluminescent dating tech¬ 
niques. There are obvious difficulties 
in identifying clays and minerals 
found in such excavations as being 
present for nutritional purposes, as 
opposed to being merely part of the 
soil deposition, and thus it is difficult 
to determine how early in the ar¬ 
chaeological record the use of these 
mineral sources became widespread. 
In general we have underestimated 
their importance. 

By the middle of the second millen¬ 
nium B.C., the inhabitants of the al¬ 
tiplano had established a mixed sub¬ 
sistence base of tuber and grain agri¬ 


basis of broken potsherds alone, to 
correlate occupation levels with cul¬ 
tural units lasting a generation or 
less—that is, about 25 years. While 
this has been achieved in some areas 
in Greece and in coastal Peru, we have 
not yet attained such precision in the 
altiplano, although we can now iden¬ 
tify units of a century or less. 

Pre-Tiwanaku 

development 

The civilization of Tiwanaku has at 
times been compared with that of the 
Maya, as an enigmatic empire that 
suddenly appears, flourishes, and 
mysteriously disappears. As with the 
Maya, however, this romantic picture 
vanishes with new research. We find 
a well-ordered developmental se¬ 
quence, followed by a transformation 
at the end of the empire into tribal 
chiefdoms such as those encountered 
by the Inca. Our recent work at sites 
around the south end of Lake Titi¬ 
caca has shed some light on the eco¬ 
nomic and political evolution of the 
polities preceding Tiwanaku. The 
succession of cultural phases that has 
emerged is illustrated in Table 1. 

During the Condori Phase (1350-850 
B.C.) the first ceramic-using groups 
appear around the Little Lake of Ti- 
ticaca, a small body of water at the 
southern end of Lake Titicaca iso- 
lated from the rest of the lake by the 
Copacabana peninsula. Primarily on 
the basis of ceramic traits, we can 


outline a sphere of interaction 
bounded on the north by the Nudo de 
Vilcanota—the northern end of the 
altiplano—and on the south by Lake 
Poopo in the department of Oruro. 
South of Lake Poopo rainfall drops 
off to less than 200 mm per year, thus 
effectively halting the spread of ag¬ 
ricultural communities, and north of 
the Nudo de Vilcanota we lose part of 
the broad expanses of grazing land, 
instead finding an environment typ¬ 
ified by an increasing number of deep 
mountain valleys. Specific traits of 
the Condori Phase are also seen at 
sites such as Marcavalle, Qaluyu, 
Pikicallepata, and Pizacoma in Puno 
and Sokotina and Wankarani in 
Oruro, There is a predominance of 
dark brown wares, with some red 
wares, and the ceramic tradition is 
further characterized by a mica tem¬ 
per, pebble or spatual polishing, and 
decorations limited mainly to red 
slips and broadline incised or grooved 
geometric designs (Browman 1980). 

Trade had expanded to include 
sumptuary commodities, the distri¬ 
bution and quantities of which 
suggest that by this time, if not ear¬ 
lier, caravan trade networks were well 
established in the Titicaca basin. The 
three most common classes of sump¬ 
tuary goods were metal items (gold, 
silver, and copper), semiprecious 
stones (turquoise, lapis lazuli, soda- 
lite, malachite, and obsidian), and 
Pacific Coast seashells, including rare 
examples of Spondylus that must 
have come from southern Ecuador. 
Information from desert sites in 
northern Chile indicates that fancy 
wool textiles and hallucinogenic drugs 
from Amazonia were also significant 
long-distance, status-enhancing trade 
goods. 

There was also a regional trade both 

in consumables—agricultural prod¬ 
ucts such as corn, aji (chili peppers), 
squash, coca leaf, quinoa, and pota¬ 
toes—and in items of local manufac¬ 
ture such as ceramic vessels, stone 
projectile points, stone and ceramic 
figurines, and tropical and coastal 
wood products. The trade in con¬ 
sumables is less spectacular than the 
trade in luxury items, and more dif¬ 
ficult to detect archaeologically, but 
it was much more important to the 
average altiplano inhabitant. These 
larger, bulkier items were the major 
goods transported during Inca times 
by the llama caravans, which tra¬ 
versed the area at the end of the har- 


Table 1. Sequence of cultural phases In the 
area of Lake Titicaca 

Condori Phase 1350-850 b.c. 

Llusco Phase 850-600 B.c. 

Mamani, or Classic 
Chiripa, Phase 600-200/100 b.c. 

Tiwanaku I/ll, or 

Kalasasaya, Phase 200/100 b.c.-a.d. 125 
Tiwanaku III, or 

Qeya, Phase a.d. 125-375 

Tiwanaku IV, or 
Classic Tiwanaku, 

Phase A.D. 375-750 

Tiwanaku V A.D. 750-1250 

Various regional 
phases and later 

Inca conquest a.d. 1250-1532 


vest on trips lasting up to six months. 
Access to tropical and coastal prod¬ 
ucts through this mechanism filled 
needs far more basic than those 
served by the exotic trade in luxury 
goods. A single drover might manage 
as many as 25 to 30 pack llamas, each 
capable of carrying up to 45 kg of 
merchandise, and thus a single indi¬ 
vidual could easily transport a metric 
ton of bulk consumables. While we 
cannot yet demonstrate that the 
earlier caravans of 1300 B.C. were of 
the same magnitude of importance, 
we can safely say that a similar pat¬ 
tern had already been established. 

It should be noted that in many areas 
of the altiplano such patterns per¬ 
sisted until the early part of this 
century, Agricultural productions 
insufficient for year-round subsis¬ 
tence, and local communities have 
traditionally gained access to basic 
necessities by trading pastoral prod¬ 
ucts for lowland grains and by bar¬ 
tering the services of their llamas as 
lowland transport. 

The Llusco Phase (850-600 B.C.) saw 
the elaboration of many of the traits 
described above. In ceramics-the 
most ubiquitous items and thus the 
easiest to compare—the phase is 
distinguished by the use of fiber as a 
tempering material and by new 
painted decorations, both bichrome 
(black on red and cream on red) and 


polychrome (black and cream on red). 
Designs are characterized by dualism 
and symmetry, with carefully exe¬ 
cuted rectilinear motifs occasionally 
outlined by or in conjunction with 
narrow-line incision. 

The appearance of a new tempering 
material seems to reflect the presence 
of a new cultural boundary bisecting 
the former region, one which con- 
, tinues to influence later styles in 
stone iconography and ceramic dec¬ 
oration. Fiber-tempered ware. is 
characteristic of the Bolivian portion 
of the altiplano, but does not pene¬ 
trate far into Peru. I have observed it 
only at sites on the Copacabana pen¬ 
insula and slightly north, and Hyslop 
(1976) similarly found it limited to 
the south end of Lake Titicaca. 
Broadly similar decorative techniques 
continue to prevail around the lake, 
but they are beginning to diverge and 
become quite distinct in later pe¬ 
riods, 

In the south of the Titicaca area and 
on the Bolivian altiplano, sites begin 
to be associated with mounds, or 
tumulos. These mounds appear to be 
identical in origin to the tells of the 
Middle East or the huacas of the 
Peruvian coast. Over the years, the 
crumbling of the adobes and sun- 
dried earthen bricks used in house 
construction leads in continually oc¬ 
cupied and reoccupied sites to suffi¬ 
cient accumulation of debris to form 
low mounds, Although it has been 
suggested that these mounds were 
deliberately constructed, all the evi¬ 
dence from Chiripa and other alti¬ 
plano sites that I have seen indicates 
a natural process of slow accretion of 
refuse and fill. 

The Mamani, or Classic Chiripa, 
Phase (600-200/100 B.C.) appears to 
mark the beginning of the next major 
period of economic and political de¬ 
velopment in the Titicaca basin. The 
cultural boundary between the 
northern and southern portions of the 
Titicaca basin is accentuated, with 
regional spheres of influence devel¬ 
oping. Pucara dominated the area 
north of Lake Titicaca, no doubt in 
tandem with Taraco, while first Chi¬ 
ripa and later Tiwanaku dominated 
the area immediately south of the 
lake. New advances from the Titicaca 
basin are found in the zone known as 
the ceja de montana (“eyebrow of the 
jungle”), east of Lake Titicaca. This 
is the location of the Callawaya her- 
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balists, and this penetration suggests 
that these famous Andean healers 
and pharmacists may already have 
begun to ply their trade at this 
time. 

Stone sculpture and ceremonial ce¬ 
ramics of the Mamani Phase depict 
religious themes. Although later Ti¬ 
wanaku religion has generally been 
viewed as a revival of Chavin con¬ 
cepts, the religious themes we find at 
this time are non-Chavinoid and ap¬ 
parently predate Chavin presence in 
this area. The identification of a 
non-Chavin religious pantheon with 
which Chavin deities may later have 
been merged to form the Tiwanaku 
assemblage is an important step for¬ 
ward in our ability to understand the 
religious basis of Tiwanaku. Sculp¬ 
tures in the Asiruni and Pajano styles 
(Browman 1978) suggest what might 
be termed a “metaphysical meta¬ 
morphosis” creed. Religious repre¬ 
sentations most commonly represent 
amphibians and reptiles in a variety 
of contexts. 

Metaphysical metamorphosis is most 
clearly illustrated by the motif of the 
morphogenetic development of frog 
or toad from egg to aquatic tadpole to 
terrestrial amphibian. This specific 
sequence is particularly frequent on 
monoliths from Pucara and Taraco, 
but it is also found at sites contem¬ 
porary with Chiripa. It is associated 
with another set of motifs dealing 
with humans and raptorial birds, 
probably eagles. The religious mes¬ 
sage as we interpret it is the following: 
just as the tadpole emerges from the 
egg to become an aquatic animal, and 
after living right goes on to make the 
next step and become a land animal, 
so too man has hope. He will go from 
this terrestrial existence to a stellar 
existence (indicated by various 
winged “angel” figures) if he lives 
correctly. 

Dualism pervades the ethnographic 
social structure of this region. On the 
basis of the depictions of religious 
themes in our archaeological materi¬ 
als, this dyadic modality can now be 
extended backward in time from the 
Inca to Tiwanaku and from Tiwana¬ 
ku to Pajano materials of the Mamani 
Phase. Pajano (derived from the local 
Aymara word for “two-faced”) 
monoliths appear to require con¬ 
trasting sets. Animals are always 
shown in pairs, and earth is placed in 
antithesis to the heavens, Monolithic 


deities are two-faced: one side of tne 
stela shows a human-like male figure, 
while the figure on the obverse is 
clearly female. Such dualism is later 
quite marked in Tiwanaku depic¬ 
tions. Thus Tiwanaku representa¬ 
tions no longer appear to have devel¬ 
oped suddenly overnight, but can be 
seen as part of a long local develop¬ 
ment of such concepts. Later classic 
Tiwanaku deities, used as focal points 
of Tiwanaku III-V temples, are de¬ 
rived from a mixture of Pajano and 
Chavin styles (Fig. 3). 

The Chiripa site contains the earliest 
subterranean temple or religious 
precinct identified in the Titicaca 
area. Such temples are known from 
other contemporary sites in both the 
Pucara and Chiripa spheres of influ¬ 
ence, and are later one of the variants 
associated with Tiwanaku sites. The 
Chiripa temple was a rectangular 
ceremonial precinct, approximately 
22 X 23.5 m. (Most of the stone has 
been reused in the later Tiwanaku- 
phase temple at Chiripa or removed 
for other purposes, complicating 
precise measurements.) The temple 
was placed in the center of a larger 
mound formed by slow accretion of 
refuse from occupation and from 
eroded adobe and puddled-mud 
structures. The larger mound mea¬ 
sures 50 m on a side; three sides on a 
downhill slope were faced off and 
revetted with a fieldstone wall up to 
3 m high. 

Analysis (Ehlers, unpubl.) of the large 
building stones used to construct the 
temple indicates the presence of both 
sandstone and limestone. The sand¬ 
stone was quarried locally, but there 
is no source of limestone in the im¬ 
mediate neighborhood, The closest 
limestone sources are in the Straits of 
Tiquina and on the islands of the 
lake, about 20 to 30 km from the site 
across open water as measured by a 
straight line (see Fig. 2). The quarried ■ 
stone appears to have been conveyed 
to the site by totora-reed boats, a 
form of water transport much more 
frequent in later Tiwanaku phases. At 
Tiwanaku itself, various andesites 
used in the temples and public 
structures have been identified by 
trace-element analysis as having 
come from formations near Copaca- 
bana and Yunguyo, across Lake Ti¬ 
ticaca. 

A land road has been discovered 
running from the site of Tiwanaku to 


the lake port of Iwawe, and numerous 
blocks of andesite, apparently spilled 
in unloading accidents and then 
abandoned, have been found scat¬ 
tered along the Iwawe waterfront. 
(The abandoned andesites were also 
quarried on the Copacabana penin¬ 
sula.) In Tiwanaku times, then, large 
blocks of stone weighing up to 11 tons 
were transported in totora-reed boats 
from Copacabana to Iwawe, a dis¬ 
tance of some 94 km, and thence 
overland to Tiwanaku, an additional 
22 km. At Chiripa we have the be¬ 
ginnings of this practice of trans¬ 
porting building materials, with 
limestone sources at Cumana Island 
or the Straits of Tiquina readily 
reached by totora-reed boats. 

The temple at Chiripa may be unique 
in having domestic structures m> 
closely associated with the sacred 
area. The architectural evidence we 
found confirms earlier reports by 
Bennett (1936) and Kidder (1950). 
Unusual features of these rectangular 
thatched - roofed stone and adobe 
structures are a groove for some kind 
of fitted or sliding door and storage 
bins accommodated by a double-wall 
construction. Otherwise the houses 
differ little in size or construction 
from those built in this area today. 

The altiplano mode 

During the later portion of the Ma¬ 
mani Phase and in the succeeding 
Tiwanku I/II, or Kalasasaya, Phase 
(200/100 B.e.-A.P. 125), a new pattern 
of economic integration emerges, This 
“altiplano” mode contrasts sharply 
with the “archipelago” mode popular 
in Peruvian social science in recent 
years. Both of these modes developed 
in Andean communities which are nut 
agriculturally self-sufficient, pri¬ 
marily because of uneven distribution 
of ecological zones, but there is a dis¬ 
tinct difference in the ways in which 
they deal with this problem. 

One solution is direct exploitation of 
several different ecological zones by 
a single group. A community gains 
direct access to needed resources by 
sending members of its own descent 
group to a variety of other ecozones; 
these emissaries then produce the 
commodities offered by that zone anti 
transport them back to the home 
village. This archipelago mode taken 
its name from the existence of little 
islands of production scattered 
throughout a number of different 
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zones—-a pattern that still exists 3 
today in attenuated form along the t 
sharply dissected slopes of the west- £ 
ern Andes in Peru. Labor and social c 
costs obviously vary with the scale i 
and distance of these enterprises. One £ 
sixteenth-century ethnic group near j 
Lake Titicaca, the Lupaqa, settled ( 
about 5% of its population in these 1 
external zones; again that many were i 
involved in providing supplies, i 
transport, and other support for these i 
small, scattered groups. A significant ; 
proportion of the population was thus 
involved in a system of resource ex¬ 
ploitation whose social as well as 
economic costs seem relatively high. 

The archipelago model may be rea¬ 
sonably efficient as a means of ex¬ 
ploiting resources on the steep flanks 
of the Andes, in western Peru and 
Chile. The Bolivian altiplano, how¬ 
ever, is a high, flat plain with an ele¬ 
vation of roughly 3,600 to 3,900 m, 
measuring about 800 km from north 
to south and 350 km from east to west 
at its widest points. The political, 
economic, and social costs of trying to 
control small islands of production in 
a number of ecozones hundreds of 
kilometers from the home village is 
immediately evident. The archipelago 
model is impracticable for folk living 
in the middle of the altiplano, and 
other mechanisms had to be found to 
obtain the needed resources. 

The solution arrived at by the in¬ 
habitants of this area was one of ex¬ 
change, with access to goods from 
other ecological zones achieved 
through trade networks—the basis of 
the altiplano mode. Craft specializa¬ 
tion, periodic markets, and regular 
caravan trade emerge, reaching 
greatest significance during the Ti¬ 
wanaku IV, or Classic Tiwanaku, 
Phase (A.D. 375-750) and becoming 
onto slightly less important during 
the Inca period (A.D. 1450-1532). 
Because all altiplano communities 
produce roughly the same commodi¬ 
ties, trading with these goods alone 
would not yield immediate access to 
required resources from other eco¬ 
zones. Thus many communities have 
traditionally specialized in certain 
products such as pottery or textiles, 
or in metal mining and fabrication. 
The altiplano individual had to be¬ 
come either an expert trader, ac¬ 
quiring goods through his entrepre¬ 
neurial skills, or an accomplished 
craftsman, exchanging his marketable 
skills for desired commodities. 


This kind of development can be de¬ 
tected even before the rise of Tiwan¬ 
aku. Evidence of such trade patterns 
can be seen at Chiripa in ceramic 
materials and also in certain stone 
and metal items. Since the closest 
source of obsidian is in the mountains 
due east of the site, we had assumed 
that the obsidian used in artifacts 
found at Chiripa would prove to be 
from that area. However, trace-ele¬ 
ment analysis by x-ray fluorescence 
at the Lawrence Berkeley Laboratory 
(Burger, pers. comm.) indicated two 
types of obsidian whose sources were 
a good deal more distant: the Tumu- 
ku type, believed to come from the 
department of Puno, about 150 km to 
the north of Chiripa, and the Titicaca 
basin type, whose source is now be¬ 
lieved to be somewhere in Arequipa 
Department, Peru, more than 300 km 
to the west of Chiripa. Obsidian was 
thus obtained not from the closest 
source but rather from specialized 
purveyors of the material. The Titi¬ 
caca basin type obsidian is particu¬ 
larly common in later Tiwanaku sites 
(Burger and Asaro 1977 and 1979), 
indicating that this pattern of trade 
persisted and expanded. 


Analysis of other mineral objects has 
indicated a similar “coals to 
Newcastle” type of trade. Copper is 
mined in several places in nearby 
highland Bolivia, and there was a co¬ 
lonial copper mine only a few kilo¬ 
meters south of Tiwanaku, within 30 
km of Chiripa. Hence we were quite 
surprised when the Chiripa ore spec¬ 
imens proved to be antlerite and 
brochantite, oxidation products that 
form only in arid environments. The 
nearest source of such ores, according 
to the published literature, would be 
the deserts of northern Chile. Thus 
evidence from both copper and ob¬ 
sidian artifacts would support the 
existence of an altiplano mode of 
economic integration beginning at 
least a millennium before the emer¬ 
gence of Tiwanaku as an imperial 
city. 

The rise of Tiwanaku 

During the first three centuries A.D., 
Tiwanaku began to achieve ascen¬ 
dancy over other altiplano regional 
centers, emerging as both the major 
power in trade and the political head 
of a loosely organized group of semi¬ 
independent trade centers in western 

Bolivia, northern Chile, northwestern 

Argentina, and southernmost Peru. 



Figure 3, One of the many monumental repre¬ 
sentations of deities found in Tiwanaku, the 
Ponce monolith stands in the center of the in¬ 
terior courtyard of the temple of Kalasasaya 
(see Fig. 1). Like the temple itself, the mono¬ 
lith, which is approximately 2.80 m high, dates 
from the Tiwanaku IV Phase. The serpentine 
and avian heads caved on its belt are symbolic 
of the dualism of earth and heavens that.per¬ 
vades the Tiwanaku religion; the winged fig¬ 
ures on its headband are also a characteristic 
motif. The mound in the background is the 
remains of the Akapana pyramid which 
fmm Tiwanaku IV. (Photo 


by the author.) 
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Mercantile exchange was an impor¬ 
tant factor in the maintenance and 
expansion of Tiwanaku influence. 
The city with its guilds of craftsmen 
served as an industrial hub, importing 
raw materials and exporting finished 
manufactured goods, I believe that 
Tiwanaku was forced to extend its 
political control because larger and 
larger market areas became manda¬ 
tory to absorb its increasingly more 
specialized industrial products. 

The Tiwanaku urban center is sit¬ 
uated in a small valley bounded by 
low hills about 200 m high. The ele¬ 
vation of the city, roughly 3,850 m, 
makes it one of the highest imperial 
cities in the world, higher than Inca 
Cuzco and equalled in altitude only 
by cities in Nepal and Tibet. Early 
archaeological studies of Tiwanaku 
focused on the visible remains of the 
ceremonial structures at the heart of 
the city. The site has unfortunately 
long been viewed as a convenient 
source of building stone. Some Ti¬ 
wanaku stone was incorporated in 
nearby structures of the Inca period, 
but the majority of it disappeared 
into later colonial and modern struc¬ 
tures, being used variously as foun¬ 
dation stones for surrounding haci¬ 
endas, as the primary building ma¬ 
terial for the imposing colonial 
Catholic churches in Tiwanaku vil¬ 
lage and in Laja, as bridge and trestle 
abutments for the railroad from Lake 
Titicaca to La Paz, and even as basic 
building material for several struc¬ 
tures in the city of La Paz, about 80 i 
km to the east. , 



Figure 4. Although the Peruvian empire of 
Wari rivaled its sister power Tiwanaku in 
geographical extent—here reconstructed for 
both civilizations for about A.D. 750—its capital 
city seems to have been somewhat smaller than 
that of Tiwanaku, reinforcing evidence of Ti- 
wanaku’s prominence, The Wari empire ex¬ 
panded rapidly between A.D. 500 and 800, 
spreading the Tiwanaku religion by military 
conquest. Its sudden collapse for unknown 
reasons around A.D. 800-850 had profound 
consequences for Tiwanaku, removing an im¬ 
portant market and source of raw materials. 
(After Menzel 1964; Lumbreras 1974; Brow- 
man 1978.) 


ticaca, and Simillake, which con 
trolled trade and traffic at the upper 
end of the Desaguadero River. 

A massive investment of labor in 
construction of public architecture is 
evident. As noted earlier, andesites 
used for the elaborately sculptured 
monoliths and other structures were 
quarried on the Copacabana penin 
sula, loaded on totora-reed boats, and 
ferried across the lake to the port of 
Iwawe, where they were then trans¬ 
ported overland. More massive stones 
were quarried nearby. The heaviest 
stone yet recovered at Tiwanaku, a 
sandstone block weighing 131 tons, 
was transported to the temple of 
Pumapunku from a quarry 10 km 
south of the city. Rocks were quarried 
mainly by hand maul, and the re¬ 
sulting blocks were then dragged 
across the landscape on ramps and 
skids. Arrow-straight skid marks be¬ 
tween the quarries and the temples 
are faintly detectable on the ground 
and can be clearly seen in aerial pho 
tographs of the site. 


It is only recently, with the excavation 
of the foundations of the temples and 
administrative buildings, the plotting 
of the distribution of occupational 
debris, and the use of remote-sensing 
techniques to detect and map buried 
structures, that we have been able to 
establish the magnitude of the origi- 
nal city. The core of the city, which 
includes the Akapana pyramid and 
the temples and palaces of Kalasa- 
saya (see Fig, 1 ), Pumapunku, Kan- 
tataita, Putuni, Kherikala, and Lak- 
kakollu—the standing architectural 
remains—is laid out on a grid plan 
oriented to the cardinal directions. 
Characterized by an elaborate system 
of covered drainage canals and a 
number of impressive central monu¬ 
ments and stelae, this area consists of 
less than 20 ha, The total urban 
sprawl mapped to date, however 
covers more than 400 ha, or over 4 
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km 2 , so that the administrative and 
religious area comprises less than 5% 
of the total urban zone, On the basis 
of evidence from current excavations, 
we estimate the population of this 
urban area to have been about 25,000 
to 40,000 people (Ponce Sangines 
1972). Accent survey of Wari, capital 
of the sister empire in Peru at this 
time (Fig. 4), places its size at 300 ha 
(Isbell and Schreiber 1978), making 
it about 25% smaller in area than Ti¬ 
wanaku. Although such gross mea¬ 
sures are not too meaningful, they do 
support other data suggesting the 
far-reaching importance of Tiwanaku 
m the Andes at this time and its pri¬ 
macy among other cities. 

Associated with Tiwanaku were a 
number of satellite towns that appear 
to have occupied various levels of 
importance. Most of the larger sites 
had central temple complexes mod¬ 
eled after the Kalasasaya temple at 
tiwanaku and also included half a 
dozen or more stone monoliths or 
stelae either directly imported from 
Tiwanaku or faithfully copied from 
the major representation of deities 

here bites with special functions are 

found in the contiguous areas. Sig¬ 
nificant among these are Iwawe, the 

mam port of Tiwanaku on Lake Ti- 


Raw materials were imported from a 
wide area. The vitreous basalt used 
for agricultural hoes was quarried on 
■ an island in Lake Poopo, 300 km to 
’ the south. Sodalite used for beads and 
ceremonial mortars came from Cerro 
Sapo in Cochabamba, 175 km to the 
east. Copper, tin, gold, silver, and 
other minerals were mined at Coro- 
coro and in the Quimsachata Range 
as well as in the basin of the La Paz 
River, in the area of the province of 
Callawaya, to the east of Lake Titi- 
caca, and in Chile. Metallurgist, in 
1 lwanaku cast items of copper, silver, 
and gold and fabricated tools and 
ornaments from alloys such as arsenic, 
and tin bronzes. The major source of 
obsidian, as mentioned previously is 

tentatively identified as being located 

more than 300 km to the west. Sea- 
shells, corn, chili peppers, cotton, and 
dried fish were imported from the 

Pacific coast Prom the Amazonian 

basm the most important imports 

were those of medicinal and religious 

vahie-coca, tobacco, and various 

S no P“ of to, fl a(ura , 
oanisteriopsis, and Amdenanlhm 
genera. 

Tiwanaku influence 

Interaction between Tiwanaku and 
other towns in the federation was 
based on economic and theological 
ties rather than on political expedi¬ 


ency. The majority of the artifacts 
recovered from sites linked with the 
Tiwanaku federation are associated 
with the use of hallucinogenic plants 
in Tiwanaku religious ceremonies. A 
characteristic assemblage of equip¬ 
ment-carved stone mortars and 
pestles, stone bowls and cups with 
incised religious designs, decorated 
pottery incensarios and other pottery 
vessels, wooden snuff tabletas, snuff 
tubes of wood and bone, snuff spoons 
of wood, and various items of gold, 
silver, copper, and bronze decorated 
with Tiwanaku motifs—is found over 
a wide area including western Bolivia, 
southernmost Peru, north and central 
Chile, and, to a lesser extent, north¬ 
western Argentina. 

The presence of this assemblage is the 
most frequent mark of Tiwanaku in¬ 
fluence in the area, but the pattern of 
distribution is far different from that 
of Tiwanaku religious artifacts spread 
by Wari conquest in Peru, where the 
base assemblage seems to have been 
imperially decreed. Each separate 
center in Bolivia, Chile, and Argen¬ 
tina exhibits a unique assemblage of 
Tiwanaku materials; each town ap¬ 
pears to have created an assemblage 
appropriate to local religious prac¬ 
tices by selecting components from 
itinerant Tiwanaku caravan traders, 
who also supplied other miscellaneous 
trade goods (see Browman 1978). 

The Wari state in Peru expanded 
very rapidly, with the conquerors 
apparently spreading their variant of 
the Tiwanaku religious message by 
armed force, much as Islam was 
spread across North Africa. The pe¬ 
riod between roughly A.D. 500 and 800 
is marked by great economic and po¬ 
litical vigor of both the Wari state and 
the Tiwanaku economic federation. 
The Wari empire apparently col¬ 
lapsed as suddenly as it rose, for rea¬ 
sons which are not yet clear. This 
collapse, which obviously removed 
Wari markets and raw materials from 
the trade networks, is mirrored in 
serious economic disruption within 
the Tiwanaku confederation and in 
Tiwanaku itself, as seen, for example, 
in the shift from Phase IV to Phase V. 
Tiwanaku lost other markets and 
sources of raw materials as well. In 
Bolivia, it appears to have lost control 
of trade in the Cochabamba valley. 
This event is not yet well understood 
and the date remains somewhat un¬ 
certain, but it seems to have occurred 
between A.D. 900 and 1000. 


Cochabamba, with its Mediterranean 
climate, is one of the most important 
food-producing areas in Bolivia 
today, a position it held during the 
earlier Inca period and probably in 
Tiwanaku times as well. Perhaps Ti¬ 
wanaku had allowed trade relation¬ 
ships to deteriorate, having relied 
increasingly on Wari custom. If this 
were the case, then Cochabamba may 
have developed its own independent 
network, no longer requiring the ser¬ 
vices of Tiwanaku traders as mid¬ 
dlemen, Or perhaps Tiwanaku was at 
a sufficient disadvantage following 
the Wari collapse that it was not able 
to maintain its paramount place in 
the market network, and Cocha¬ 
bamba was able to assert and main¬ 
tain its independence. 

Thus Tiwanaku lost two important 
markets and sources of raw materials 
at roughly the same time. The effects 
of this economic dislocation may be 
observed in a concurrent religious 
reformulation. Earlier symbolism is 
greatly changed, and new deities be¬ 
come powerful. Although Tiwanaku 
persisted as a highland kingdom for 
at least four hundred years after the 
Wari collapse, this period is marked 
by an ever-contracting sphere of in¬ 
fluence. For a short while, Tiwanaku 
seems to have been able to compen¬ 
sate in part for the loss of agricultural 
resources from Cochabamba by 
adopting a new, Peruvian-style 
strategy of vertical control, the so- 
called archipelago mode of economic 
integration. Tiwanaku Phase V colo¬ 
nial outposts suddenly appear on the 
south coast of Peru at this time, oc¬ 
casionally situated as far north as 
former Wari-controlled area, Data 
available thus far suggest that these 
settlements first appeared about A.D. 
950-1000 and persist no later than 
A.D. 1200-50. To the south, secondary 
centers in Chile formerly influenced 
by Tiwanaku begin to monopolize 
trade in Chile and Argentina. Central 
Chile and northwestern Argentina 
become organized into a series of in¬ 
terdependent but autonomous 
chiefdoms (Pollard 1979; Serracino 
1980). After approximately A.D. 
1200-1300, identifiable Tiwanaku 
influence disappears completely, and 
the city of Tiwanaku itself is aban¬ 
doned, 

For the next few centuries, until the 
Inca conquest around A.D. 1460, var¬ 
ious small kingdoms around Lake 
Titicaca, such as the Lupaqa and 


Pacajes, continued to maintain colo¬ 
nial outposts on the Peruvian coast, 
Similar relationships developed be¬ 
tween highland groups in southern 
Bolivia and northwestern Argentina 
and the Chilean coastal areas. Ti¬ 
wanaku, even though abandoned, 
retained local prestige in the Titicaca 
area. When the Inca conquered the 
region they built a small temple on 
the ruins of the old city, using its 
prestige as one means of validating 
their rule. 

Traces of Tiwanaku influence may be 
seen in such aspects of contemporary 
life as the distribution of indigenous 
language dialects and the distribution 
of races of maize. The identification 
of the language spoken by the original 
Tiwanaku inhabitants has long posed 
a problem. Earlier cultural recon¬ 
structions have suggested that the 
language of Tiwanaku in A.D. 375-750 
was variously Quechua, Aymara, 
Pukina, or Uru-Chipaya, Quechua 
can be shown to have intruded into 
the area only with the Inca conquest 
(Torero 1972,1974; Parker 1963). 

What about Pukina, Uru-Chipaya, 
and Aymara? Historical references to 
the distribution of various languages 
at the time of the Spanish conquest 
and subsequent linguistic analyses 
indicate that Pukina and Uru-Chi¬ 
paya existed as small, disparate, 
scattered relics even in the sixteenth 
century. Word lists identified in the 
literature as belonging to the Uru/ 
Chipaya/Pukina family have been 
found by linguists to belong to three 
major, mutually unintelligible, ma¬ 
crofamilies: Penutian, Macro-Chib- 
chan, and Arawakan. It thus appears 
that any language in the Andes not 
clearly identifiable as either Quechua 
or Aymara was quickly categorized as 
“other”—sometimes being called 
Uru, sometimes Pukina, and some¬ 
times by local geographical names. 
There is no apparent communality 
among these languages, and no con¬ 
vincing evidence upon which to base 
any argument for their association 
with Tiwanaku. More likely they re¬ 
late to Chiripa or other, earlier folk. 

On the other hand, there is a sub¬ 
stantial case for the argument that 
Aymara was the language of Tiwan¬ 
aku, in view of recent evidence (Bird 
et al., unpubl.) that the inhabitants of 
the Tiwanaku area at the time of the 
Inca conquest spoke Aymara. Also 
important is the fact that the distri- 
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Figure 5, This reconstruction of the (iisirih- 
tion of the three major dialects of Aymara i 
the period A.D. 1000, extrapolated backward i 
time from modern dialects identified by Brk 
(1976), supports archaeological evidence it 
garding Tiwanaku’s development. The tltrc 
distinct dialects—northoru ( dark calm 
southern (light color), and intermediate iw 
dium co/oc)—correspond to three phases in tt 
growth of the Tiwanaku polity. The exlrajju 
lation is based on our recent study of Ayeiars 
place-names (Bird et al., unpubl.), which «. 
panded the external boundaries of the three 
dialects considerably beyond their present 
limits. 
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Figure 6. The distribution of maize complexes 
(color) associated with pre-Inca civiliza- 
tions-the central Andean maize and the south 
Andean flint complex-shows a dose correla¬ 
tion with the extent of the Tiwanaku and Wari 
kingdoms as seen in Figure 4. Like the lin¬ 
guistic evidence, these data support recent 
archaeological findings. It appears likely that 
Tiwanaku and Wari spread these maize races 
withm the areas in which they were influential 
just as the Inca later brought their own Cuzco 
maize complex to conquered regions. 
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bution of the three major dialects of 
modern Aymara (Pig. 5) appears 
closely correlated with archaeological 
evidence for the spread of Tiwanaku 
influence. The northern dialect of 
Aymara is found in the area where 
Tiwanaku civilization seems to have 
coalesced between 200 B.c. and A.D, 
400. The southern dialect appears in 
the area, particularly around Cocha¬ 
bamba, where Tiwanaku influence 
was preeminent in Phase IV (A.D. 
375 - 750 ). The intermediate dialect is 
found in the area to the northwest 
(Tacna, Moquegua, and Arequipa), 
where we have seen new Tiwanaku 
Phase V colonies being established in 
ca.A,D. 900-1200, following the col¬ 
lapse of Wari. 

Similarly, the current distribution of 
maize races—informal taxonomic 
groups intermediate between culti- 
vars and subspecies—also appears to 
fit the archaeological evidence. Again, 
the approach has been first to identify 
complexes specifically associated with 


the later groups, particularly the Inca, 
and then to examine the ancestors ii 
these complexes and other non- Inca 
complexes to determine whether 
discrete identifiable components m 
be subsequently correlated with Ti¬ 
wanaku (Bird 1970; Browman and 
Bird 1978; Bird et al,, in press) . Two 
clusters of maize races have tenta¬ 
tively been associated with pre-Inca 
groups: the central Andean maize 
complex and the south Andean flint 
complex (Goodman and Bird 1977- 
Bird and Goodman 1977). The gen- ! 
eral areas where current herbaria 
specimens have been recorded for 
these two maize complexes are shown 
in Figure 6 (Brieger et al. 1958; 
Grobman et al. 1961; Ramirez et al. 
1960; Timothy etal. 1961). 

Demonstrating that the current dis¬ 
tribution of maize races is related to 
Tiwanaku influence will be difficult, 
owing to the very important role of 
the Inca in borrowing and distrib¬ 
uting maize races from Bolivia and to 
subsequent colonial and modern 
dispersion. Nevertheless, the patterns 
of distribution seen in Figure 6 ap¬ 
pear to replicate closely the political 
patterns of the Andes of A.I). 751) in 
seen in Figure 4, This preliminary 
hypothesis must be tested more 
thoroughly, but it is encouraging that 
the patterns of distribution of .the 
most socially significant domesticated 
food plant parallel the linguistic and 
archaeological evidence. 

The lesson of Tiwanaku \ 

This picture of the importance «f 
fiwanaku has been painted with a ; 
broad brush, and further research is 
necessary to test the validity of our 
reconstruction and to draw in the r 
finer details. The altiplano is impor- : 
tant for economic prehistorians be- l 


cause it appears to mamtest a mode of 
plant and animal domestication quite 
different from that found initially in 
the Old World. Moreover, Tiwana- 
ku's use of religious and economic 
factors as integrative mechanisms 
contrasts markedly with the strong 
political centralization of the syn¬ 
chronic Wari conquest state. Both 
empires offer valuable additions to 
the body of data through which we 
are attempting to understand the in¬ 
ternal evolutionary processes of 
pristine states. Combination of 
models from allied fields such as ar- 
chaeobotany, archaeozoology, and 
linguistics can yield much more dy¬ 
namic models, although we are pain¬ 
fully aware that utmost caution must 
he observed to avoid simplistic cor¬ 
relations of race, language, and cul¬ 
ture. 

Continuing research at Tiwanaku, 
sponsored by the Instituto National 
de Arqueologia of Bolivia under the 
guidance of Dr. Carlos Ponce San¬ 
gines, involves a number of collabo¬ 
rative projects, including surveys 
using proton magnetometers and 
electrical resistivity techniques, re¬ 
mote-sensing and imagery analysis 
using data from the BETS ill satellite, 
new microtechniques for the recovery 
and identification of floral and faunal 
materials, and a variety of trace-ele¬ 
ment studies that help to pinpoint the 
origins of exotic trade goods and to 
reconstruct technology. Tiwanaku is 
an exciting laboratory experiment. 
Archaeological studies in the Old 
World have provided one set of an¬ 
swers to the question, What happens 
when human population reaches a 
critical density? Tiwanaku offers new 
answers to consider in the recon¬ 
struction of indigenous sociological 
evolutionary processes. 

References 

Dennett, W. C. 19(16. Excavations in Bolivia, 
Anthropological Papers, American Museum 
{>1 Natural History 36:329-507. 

Bird, 11. M. 1070. Maize and its cultural and 
natural environment in the Sierra of Hu- 
nmim, Peru. Ph.D. dissertation, University 
of California, Berkeley. 

Bird, R, M., I). L Browman, and M. Durbin. In 
press. Quechua and maize I: Mirrors of 
Central Andean culture history. El Dorado 
6 . 

__ Unpubl, Quechua and maize II: The. 

Aymara connection. 

Bird, R. M., and M. M, Goodman. 1977. The 
races of maize V: Grouping maize races on 
the basis of ear morphology. Econ, Bot. 31: 
*171-81, 


Boyd, C. E, 1968, Freshwater plants: A poten¬ 
tial source of protein. Econ, Bot. 22:359- 
68 . 

Brieger, F. G, J. T. A. Gurgel, E, Paterniani, A. 

Blumenschien, and M. R, Alleoni. 1958. Races 
of Maize in Brazil and Other Eastern South 
American Countries. NAS/NRC No. 593. 
Washington, DC: National Academy of 
Sciences. 

Briggs, L. T, 1976, Dialectal variations in the 
Aymara language of Bolivia and Peru. Ph.D. 
dissertation, University of Florida. 

Browman, D. L. 1974. Pastoral nomadism in 
the Andes. Cur. Anthr. 15:188-96. 

—1978, Toward the development of the 
Tiwanaku state. In Advances in Andean 
Archaeology, ed. D. L. Browman, pp. 32749. 
The Hague: Mouton, 

—- 1980. Tiwanaku expansion and alti¬ 

plano economic patterns. Estudios Ar- 
queologicas 5:107-20, 

-In press. Prehistoric nutrition and 

medicine in the Lake Titicaca basin. In 
Malnutrition, Morbidity, and Medicine in 
the Andes, ed. J. Bastien, J. Donahue, and 
H. Haley, Washington, DC: American An- 
throplogical Association. 

Browman, D, L., and R. M. Bird. 1978. Demo¬ 
graphic movements at the Early Interme¬ 
diate Period/Middle Horizon Boundary in 
the Central Andes, as deduced from lin¬ 
guistic, botanical, and ceramic evidence. 6th 
annual meeting, Midwest Conference on 
Andean and Amazonian Archaeology, Chi¬ 
cago, February 24-25. 

Burger, R. L., and F. Asaro, 1977. Trace ele¬ 
ment analysis of obsidian artifacts from the 
Andes: New perspectives on pre-Hispanic 
economic interaction in Peru and Bolivia. 
Report LBL-6343, Lawrence Berkeley Lab¬ 
oratory, 

- 1979. Analisis de rasgos significativos 

en la obsidiana de los Andes Centrales. 
Revista del Museo Nacional, Lima 43: 
281-326, 

Casaverde Rojas, J. 1977. El trueque en la 
economia pastoril. In Pastores de Puna: 
Uywamichiq punarmakuna, ed, J. Flores 
Ochoa, pp. 171-91, Lima: Instituto de 
Estudios Peruanos. 

Cespedes G., G., and V. H. Villegas A, 1977, 
Conceptos quirurgicos, patologica osea y 
dentaria en craneos precolumbinos en Boli¬ 
via. Arqueologia de Bolivia y Peru 2:129- 
70. 

Cohen, M. N, 1977. The Food Crisis in Pre¬ 
history. Yale Univ. Press. 

Ehlers, E, Unpubl. Thin-section, scanning 
electron microscopy and x-ray diffraction 
studies of the lithic samples from Chiripa, 
Bolivia. 

Flores Ochoa, J. A, 1977. Pastoreo, tejido e in- 
tercambio. In Pastores de Puna: Uywami¬ 
chiq punarunakuna, ed. J. A, Flores Ochoa, 
pp. 133-54. Lima: Instituto de Estudios 
Peruanos, 

Goodman, M. M., and R. M, Bird. 1977. The 
races of maize IV: Tentative groups of 219 
Latin American races. Econ. Bot. 31:204— 
21 . 

Grobman, A, W. Salhuana, R. Sevilla, and P. 
C. Mangelsdorf. 1961. Races of Maize in 
Peru. NAS/NRC No. 915. Washington, DC: 

National Academy of Sciences. 

Hyslop, J,, Jr. 1976. An archaeological inves¬ 
tigation of the Lupaca kingdom and its ori¬ 


gins. Ph.D. dissertation, Columbia Univer¬ 
sity. 

Ingold, T, 1980. Hunters, Pastoralists, and 
Ranchers: Reindeer Economies and Their 
Transformations. Cambridge Univ. Press. 

Isbell, W, H„ and K. J. Schreiber. 1978. Was 
Huari a state? Amer. Antiq. 43:372-89. 

Kidder, A., II. 1956. Digging in the Titicaca 
basin. Univ. Mus. Bull. 20:16-29. Philadel¬ 
phia: University of Pennsylvania. 

Lumbreras, L. G. 1974. The Peoples and Cul¬ 
tures of Ancient Peru. Washington, DC: 
Smithsonian Press. 

Menzel, D. A, 1964. Style and time in the 
Middle Horizon. JVotcpo Pacha 2:1-106. 

Parker, G. J. 1963, La clasificacion genetica de 
los dialectos quechuas. Revista del Museo 
Nacional, Lima 32:241-52. 

Pearsall, D. M, 1978, Phytolith analysis of ar¬ 
chaeological soils: Evidence for maize culti¬ 
vation in formative Ecuador. Science 199: 
177-78. 

_1980. Phytolith evidence of achira and 

maize cultivation in formative Ecuador. 
Paper presented at the 45th Annual Meeting 
of the Society for American Archaeology, 
Philadelphia, 1 May 1980. 

Pickersgill, B., and C. B. Heiser, Jr, 1978. Ori¬ 
gins and distribution of plants domesticated 
in the New World. In Advances in Andean 
Archaeology, ed, D. L. Browman, pp. 133-65, 
The Hague: Mouton, 

Pollard, G, C. 1979. Interregional relations in 
the southern Andes: Evidence and expecta¬ 
tions for understanding the late prehistory 
of N. W. Argentina and N. Chile. Paper 
presented at the 43rd International Congress 
of Americanists, Vancouver, B, C., Canada, 
August 1979. 

Ponce Sangines, C, 1972. Tiwanaku: Espacio, 
tiempo y culture. Publication No. 30. La 
Paz: Academia Nacional de Ciencias de Bo¬ 
livia. 

Ponce Sangines, C., and G, Mogrovejo Terra¬ 
zas. 1970. Acerca de la procedencia del ma¬ 
terial litico de los monumentas de Tiwana¬ 
ku. Publication No. 21. La Paz: Academia 
Nacional de Ciencias de Bolivia., 

Ramirez, R., D. H. Timothy, E. Dias, U. J, 
Grant, G. E. Nicholson, E. Anderson, and W. 
L. Brown. 1960. Races of Maize in Bolivia. 
NAS/NRC No. 747. Washington, DC: Na¬ 
tional Academy of Sciences. 

Serracino, G. 1980, Tiwanaku desde San Pedro 
de Atacama. Estudios Arqueologicos 5: 
95-106. 

Timothy, D, H., B. Pena, R, Ramirez, W. L, 
Brown, and E. Anderson, 1961. Races of 
Maize in Chile. NAS/NRC No. 847. Wash¬ 
ington, DC: National Academy of Sci¬ 
ences, 

Torero, A. 1972. Linguistica de historia de los 
Andes del Peru y Bolivia, In El Reto del 
multilinguismo enel Peru, ed, A. Escobar, 
pp. 47-106. Lima: Instituto de Estudios 
Peruanos. 

___1974. El Quechua y la historia social 

Andina. Lima: Universidad Ricardo 
Palma. 

Watson, P, J. 1976. In pursuit of prehistoric 
subsistence: A comparative account of some. 
contemporary flotation techniques. JVftrf- 
Contin. J. Arch. 1:77-100. . 

Wing, E, S. 1978. Animal domestication in the 
Andes. In Advances in Andean Archaeology, 
ed, D.L. Browman, pp. 167-88, The Hague: 
Mouton, 


1981 July-August 419 




f. Reed Hainsworth Energy Regulation in Hummingbirds 

The study of caloric costs and benefits indicates how 
hummingbirds control energy resources 


The struggle for existence among 
animals involves the economics of 
their resource use, and energy is cru¬ 
cial since it is required for physiolog¬ 
ical processes that maintain the 
short-term integrity of organisms and 
for reproductive processes such as 
mate selection, courtship, copulation, 
and care of young, as well as for 
avoidance of predators and territorial 
defense. Those individuals that are 
more efficient in their uses of energy 
should thus be more successful, or 
more biologically “fit.” For our pur¬ 
poses, “efficiency” is defined in eco¬ 
nomic terms, as a difference between 
environmental supplies of a resource 
and demands of animals for the re¬ 
source; in this it differs from physical 
efficiency, which is defined in terms 
of a ratio of useful output to total 
input, and from statistical efficiency, 
which is defined in terms of the ex¬ 
tent of variation. 

All animals obtain energy from food, 
but many animals and plants have 
evolved counter-adaptations as a re¬ 
action to being a source of food for 
their predators. The result of this 
complex interplay between predators 
and prey is a considerable cost to an¬ 
imals to obtain the benefits of food 
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resources. The defenses of prey must 
be bridged (prey must be noticed, 
caught, and, if necessary, detoxified), 
while defenses against predators are 
maintained, For success, or economic 
efficiency, there must be a sufficient 
difference between the amount of 
energy obtained in food and the costs 
for obtaining it. This net benefit from 
feeding would provide for other costs 
of survival and of reproduction. 

Feeding is a complex process com¬ 
posed of the sequence summarized in 
Figure 1, “Hunger” is manifested by 
the appetitive behavior of an ani¬ 
mal—the initiation of the sequence. 
The first four components, from 
search to capture, primarily involve 
interactions between animals and 
their external environment. Factors 
in these interactions include the dif¬ 
ficulty of detecting prey (as in¬ 
fluenced by their distribution) and 
the energy required for pursuit and 
capture. The relative costs of these 
components vary among predators, 
depending on the mechanisms they 
have evolved for feeding. For exam¬ 
ple, some are “sit-and-wait” preda¬ 
tors, while others more actively search 
for prey (Schoener 1971). Neverthe¬ 
less, each component represents a 
cost that must be subtracted from the 
benefits derived from food. 

The feeding components following 
capture also involve costs. Energy 
must be expended to consume, digest, 
and assimilate food, to transport 
assimilated components, and to pro¬ 
cess them through cellular interme¬ 
diary metabolic pathways. Although 
these costs are internal, they are still 
subject to considerable variation, 
depending on the amount and com¬ 
position of ingested foods. 

The requirement for energy is con¬ 
tinuous, varying in intensity from 


some basal level to a maximum 
achieved during activity (Bennett 
1978). The total energy requirement 
for feeding must be subtracted as a 
maintenance cost from ingested en¬ 
ergy (Hainsworth and Wolf 1979); 
also, not all ingested energy may be 
assimilated. These factors are sum¬ 
marized by the simple equation in 
Figure 1. Net energy, or energy 
available for periods when animals do 
not feed, represents the economic 
measure of efficiency on which the 
survival and reproductive success of 
animals is assumed to depend (Krebs 
1978). 

What have hummingbirds to do with 
this general picture? One aspect is the 
ease with which it is possible to 
quantify their feeding components. 
Whereas the interactions between 
most predators and prey make feed¬ 
ing very difficult to observe and 
measure, hummingbirds obtain a 
major energy supply from plants that 
have evolved to be detected. The 
nectar secreted by plants provides 
food in stationary, colorful, and easily 
quantified sources. The benefit to the 
plants for this cost is the utilization of 
highly mobile animals for the transfer 
of their pollen. The co-evolved mu¬ 
tualism of this system allows us to 
study hummingbird feeding with 
comparative ease. 

Hummingbirds are interesting for 
other reasons related to the use and 

acquisition of energy. They include 

the smallest vertebrate endotherim, 
and their size influences both their 
rate of energy use and their ability to 
store energy. The smallest known 
hummingbird is the 1.8-g “bee” 
hummingbird of Cuba; the largest is 

the 20-g ‘giant” hummingbird of the 
central Andes, and the average mass 
ot hummingbirds is about 5 g 
(Greenewalt 1975). Hummingbirds 
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can undergo a controlled decrease in 
body temperature, or enter a state of 
torpor, on a daily basis, depending on 
their reserves of energy. Moreover, 
they are unique among birds in their 
ability to hover—an energy-de¬ 
manding mode of flight. 

Body size, temperature regulation, 
and flight are all cost factors for 
hummingbirds that must be quanti¬ 
fied and subtracted from assimilated 
energy to determine net energy gains. 
After examining these costs, I will 
discuss the benefits derived from food 
and will conclude with the integration 
of costs and benefits into some gen¬ 
eral patterns of daily energy regula¬ 
tion. 

Energy expenditures 

Chemical reactions within cells are 
subject to the effects of temperature, 
and the enzymes that mediate reac¬ 
tions are influenced in tertiary 
structure and catalytic efficiency by 
the effects of temperature on the 
relatively weak bonds within the 
proteins. For these reasons there can 
be considerable benefit associated 
with the maintenance of a relatively 
constant body temperature (if the 
cost is not prohibitive). 

The temperature of an animal is de¬ 
termined by the net exchange of heat 
between it and its environment. 
Temperature remains constant (at an 
equilibrium) when the difference 
between heat gain and heat loss is 
zero. The sources for heat exchange 
are both internal and external for 
animals, with movement of heat from 
areas of higher temperature to areas 
of lower temperature by conduction, 
convection, and radiation. Heat ex¬ 
changes can also occur by evaporation 
and condensation of water on animal 
surfaces. For ectotherms (“external 
heat” animals), body temperature is 
determined primarily by external 
sources for heat exchange. For endo- 


C is thermal conductance, which The thermal conductance (€) of 
represents a variety of the physical hummingbirds—the change in rate of 
characteristics of animals and envi- heat production required to balance 
ronments that influence heat ex- heat loss for every °C of difference 
change; Tb is body temperature; T& between ambient and body temper- 
is ambient, or environmental, tem- ature—is higher than for larger birds, 
perature; and H w is heat loss from A high value of C indicates a rela- 
evaporation of water. tively poorly insulated animal, The 

poor insulation of hummingbirds 
The rate of oxygen consumption is an appears to be a consequence of their 
indirect measure of the rate of heat small size, and thermal conductance 
production required to balance heat among birds increases with decreas- 


"huncer" 



Figure 1. Feeding in animals follows a general 
behavioral and physiological sequence, The net 
energy equation at the end of the sequence 
must be satisfied over the long run to assure 
survival. 


therms (“internal heat”), tempera¬ 
ture is determined only partly by 
these external sources, with internal 
production of heat making a signifi¬ 
cant contribution. In the case of ter¬ 
restrial endotherms with a constant 
temperature in relatively uniform 
thermal environments, a simple 
equation describes requirements for 
temperature regulation: 

heat production - heat loss = 

C(Tb -Ta) + H w (1) 


loss; Figure 2 shows the weight-spe¬ 
cific rate of oxygen consumption for 
two species of hummingbird (Hain¬ 
sworth and Wolf 1972; also see 
Hainsworth and Wolf 1970; Lasiewski 
1963.) In this paper we will be con¬ 
cerned primarily with costs for heat 
gain when hummingbirds are exposed 
to “cold” environments (ambient 
temperature below 32°C), since many 
species are found in this type of en¬ 
vironment. 


ing mass according to a power func¬ 
tion with an exponent on C of about 
-0.5 (Herreid and Kessel 1967). Al¬ 
though the rate of heat production 
per gram of mass is relatively high, 
hummingbirds have low total masses, 
and thus total energy requirements 
for temperature regulation are less 
than for larger animals. 

The important problem for small 
endotherms is storing a sufficient 
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Figure 2, The amount of oxygen consumed by 
a hummingbird at various ambient tempera¬ 
tures gives information on the bird’s system of 
thermal regulation, since the consumption of 
oxygen produces heat. Data were obtained for 
two species ; the upper set of data in each grid 
' shows the oxygen consumption of birds with a 
body temperature of 41°C, and the lower set 
that of torpid birds (with a body temperature 
Of 10-12°C). (After Wolf and Hainsworth 
1972.) 


amount of energy internally to meet 
costs for thermoregulation. Among 
■ animals of different sizes, the ability 
to store energy, as measured froip the 
size of stomachs, for example', in¬ 
creases linearly with mass—-a power 
function with a slope of 1.0 (Calder 
1974)—while the total rate of energy 
expenditure increases according to a 
power function with a slope of 0.75 
(Schmidt-Nielsen 1970). The prob¬ 
lems of small size are found in the 
difference between these functions, 


which diverge as mass increases and 
converge as mass decreases. The 
smaller the difference between the 
two functions, the less energy can be 
stored to meet expenditure demands. 
Small animals are thus subject to se¬ 
vere time limits in their ability to 
function without food, which ac¬ 
counts for the common observation 
that they eat more frequently than 
large animals. An absolute lower limit 
1 to body size would be produced when 
continuous feeding would be insuffi¬ 
cient to provide for energy demands. 
These constraints vary, of course, 
with the quality and availability of 
foods and the mechanisms animals 
have evolved to reduce energy costs 
for maintenance. 

One such possible mechanism in 
hummingbirds is torpor, illustrated 
by the lower set of curves in Figure 2. 
Oxygen consumption rates are lower 
when body temperature decreases to 
lower controlled values; in terms of 
Eq. 1, there is a decrease in (T# - 
T a ). This occurs in mammalian hi- 
bernators, as well, in a way similar to 
a resetting of the central nervous 
system thermostat to lower the set 
point for thermostatic control (Heller 
and Colliver 1974), For the hum¬ 
mingbirds in Figure 2, thermostatic 
control during torpor results in body 
temperature regulation at 10-12°C. 
The regulated temperature during 
torpor differs among species (Car¬ 
penter 1974), but regulated temper¬ 
ature is a characteristic for many ec- 
totherms and endotherms in torpor 
(Hainsworth and Wolf 1978), 

The energy savings from torpor are 
potentially substantial. However, this 
cost-saving mechanism is utilized 
only under certain circumstances. 
Hummingbirds usually enter torpor 
only at night (when they do not feed), 
and only after energy reserves have 
been depleted to some threshold 
value (Hainsworth et al. 1977). The 
length of time spent in torpor at night 
would depend on when a threshold 
level of energy reserves was reached, 
and whether torpor occurred the next 
night would depend on the extent of 

energy storage during the day. 

Why do hummingbirds not enter 

torpor every night? The observation 

that they do not if energy reserves are 
sufficient suggests that there are risks 
or costs associated with being torpid 
(Hainsworth et al. 1977; Hainsworth 



Air speed (m/sec) 


Figure 3. The flight of a hummingbird, as rep¬ 
resented here by data from Archilochus colli- 
bris, is an interplay of speed and several kinds 
of power. As speed increases, induced power for 
lift, Pu decreases, power to overcome drag on 
the wings—profde power, P 0 -remains rela¬ 
tively constant, and power to overcome drag on 
the fuselage-parasite power, ^-increases. 
The sum o 1 these three, P (nte j, thus assumes the 
U shape typical of bird flight in general, (After 
Pennycuick 1968.) 


and Wolf 1978). At present we do not 
know what the risks are. Perhaps 
there is a danger in being immobile, 
such as attack by a predator, or per¬ 
haps there is a significant probability 
that arousal from torpor may not al¬ 
ways occur. Whatever the risks, a 
hummingbird does not become torpid 
unless the probability of starvation 
from continued high rates of energy 
expenditure exceeds the probability 
of death from other costs of torpor. 

A major demand on hummingbird 
energy use is, of course, flight. Biolo¬ 
gists have used two approaches to 
study the power requirements of an¬ 
imals for flight. One, an analysis of 
animals as aerodynamic machines, is 
based on the physical work done by 
an animal on its environment, and it 
gives an estimate of the power output 
for flight. The other approach is 
based on direct measurements of 
oxygen consumption by flying ani* 

• mals; it gives an estimate of the power 
input for flight, or the chemical en¬ 
ergy use rate required to produce 
power output. The two differ by a 
physical efficiency term (Tucker 
1975). 

Figure 3 plots the power output for a 
ruby-throated hummingbird, Archi * 
lochus colubris (Pennycuick 1968). 
The curve for total power output 
(Pmi ) has a U shape with increasing 
air speed that is typical of flight by 
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birds and is determined by three 
component power terms. Induced 
; power for lift (Pi) is high at low air 
; speeds but decreases with increasing 
speed because of more rapid move¬ 
ment of air over the wing lifting sur¬ 
faces. Power to overcome drag on the 
wings (profile power, P 0 ) remains 
relatively constant for these calcula¬ 
tions, and power to overcome drag on 
the body or fuselage (parasite power, 
P p ) increases with increasing speed. 

Flight at zero speed, or hovering, in¬ 
volves high power (Fig. 3). A great 
deal of interest has centered on direct 
measurements of power input for 
hovering in hummingbirds. Since 
hovering flight is stationary, oxygen 
consumption can be measured with¬ 
out the use of wind tunnels (Berger 
1974; Tucker 1968). This advantage, 
as well as interest in the high costs for 
hovering, has led to measurements of 
oxygen consumption for seven species 
of hummingbird to date, with some 
interesting patterns related to hum¬ 
mingbird morphology. 

Total power for hovering is the sum of 
profile and induced power. Induced 
power depends on the animal’s char¬ 
acteristics that determine wing disc 
loading. This is the ratio of body mass 
to the area of a disc swept by the 
wings; it reflects the mass to be lifted 
r elative to the morphology of the ap¬ 
paratus that generates lift. Wing disc 
area is found by the formula l ktb 2 ,. 
where b is wingspan. As a group, 
hummingbirds have long wings for 
their mass (Greenewalt 1975), and 
this is thought to reflect their high 
demands for lift during prolonged 
hovering. 

Detailed information on the rela¬ 
tionship between measured rates of 
power input and wing disc loading 
now permits relatively precise esti¬ 
mates of costs for hovering, based on 
two easily measured variables—mass 
and wingspan. Slight adjustments can 
be made to account for changes in 
mass associated with energy intake 
and storage and for individual varia¬ 
tion in wing> length, such as that, 
which occurs during molt of the pri¬ 
mary feathers (Epting 1980). 

The energy expended by hovering 
hummingbirds measures about 215 
cal/(g)(hr), the highest per-gram rates 
known for vertebrates. The power 
output estimate of about 0.08 W, or 



Figure 4. A hummingbird consumes sugar 
water from a feeder with a plastic “corolla", 
similar to those used in preference experiments 
designed to measure the effect of corolla length 
and sugar concentration on choice of food, 


68.8 cal/hr, for the ruby-throated 
hummingbird at zero speed would 
produce a physical efficiency of 6.4% 
for conversion of power input to 
power output for this 5-g humming¬ 
bird. 

Energy benefits 

Measuring the energy expended for 
various activities tells us only what 
the demands of animals are for energy 
resources, not the extent and manner 
in which energy as a resource is actu¬ 
ally regulated. To find out more, we 
must also know what animals obtain 
in energy benefits for what they ex¬ 
pend. This is where nectar, as a food 
resource, holds great utility for stud¬ 
ies of energy regulation in hum¬ 
mingbirds. 

Nectars from a variety of plants have 
been analyzed to determine their 
chemical composition and concen¬ 
tration, and through these their po¬ 
tential energy and nutritional values 
to animals that consume them—in¬ 
sects, bats, and hummingbirds. Al¬ 
though nectars contain small 
amounts of amino acids and fats, the 
primary constituents are sugar and 
water (Baker and Baker 1975). Table 


1 lists the sugar compositions of nec¬ 
tars from 123 species of plants polli¬ 
nated by hummingbirds (Hainsworth 
and Wolf 1976). Most contain some 
combination of sucrose, glucose, and 
fructose; none contains only glucose 
or fructose. Sugar concentrations 
have been estimated from measure¬ 
ments of the fluid refractive index, 
which is a function of total dissolved 
solutes and does not distinguish 
constituents. However, the refractive 
indices for glucose and fructose are 
about one-half the refractive index for 
equimolar sucrose, and thus concen¬ 
tration can be expressed as an equiv¬ 
alent sucrose molarity for nectars 
with these sugars (but see Inouye et 
al. 1980 for a discussion of errors in 
this estimation). The total range of 
concentration measured to date ex¬ 
tends from 0.25M, for an Iris, to 2.2M 
sucrose, for a Salvia (Hainsworth 
1974), with most values near 0.5™ 
0.8M sucrose. 

Nectar characteristics determining 
the hummingbird’s choice of food 
have been studied in a series of tests, 
called “preference” experiments be¬ 
cause they involve providing indi¬ 
vidual hummingbirds in the labora¬ 
tory with a choice of two feeders (Fig. 
4). The feeders are switched in loca¬ 
tion periodically to control for any 
tendency on the part of the birds to 
prefer a left or right location. The 
feeders differ in some characteris¬ 
tic—either of their structure or of the 
feeding solution they contain—that 
might influence food choice. “Pref¬ 
erence” is indicated by a significant 
difference between the intake of en¬ 
ergy from the two feeders, under cir¬ 
cumstances which ensure that the 
birds have sampled available alter¬ 
natives. 

Preference experiments indicate that 
the types of sugars and the amino 
acids in nectars have little effect on 
hummingbird food choice (Hain¬ 
sworth and Wolf 1976). Solutions of 
pure glucose and pure fructose are 
rejected (and are not naturally rep¬ 
resented in nectars, as is indicated in 
Table 1), while calorically equivalent 
combinations of sugars provide few 
significant preferences. Experiments 
comparing 0.5M sucrose with 0.5M 
sucrose plus amino acids at concen¬ 
trations typical of nectars also yield 
no preferences for food with amino 
acids. If the amino acid concentration 
is increased the birds significantly 
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Figure 5, In an experiment measuring volume cate that flowers with a lower volume of nectar 
rate of intake as a function of corolla length, provide a lower volume rate of intake, regard- 
hummingbirds of the species Eugenes fulgens less of corolla length, The volume line labeled 

(with an average mass of about 9 g) consumed co is a regression for birds consuming fluid 
0.5M sucrose from feeders or artificial flowers from feeders with large volumes, 
with various volumes of fluid, The data indi- 


reject that solution. These results 
suggest that the types of sugars and 
the amino acids found in nectars are 
not produced to attract humming¬ 
birds, which, in any case, obtain most 
of their protein by catching small in¬ 
sects (Wolf and Hainsworth 1971; 
Stiles 1971). 

The net gain of energy by humming¬ 
birds may depend importantly on the 
sugar concentration in the nectar, and 
this variable has been shown to affect 
food choice in an interesting manner 
(Hainsworth and Wolf 1976). The 
birds significantly prefer the food 
with a higher sugar concentration, but 
their ability to detect a difference 
depends on the available concentra¬ 
tions. When concentrations are low, 
even a small difference can be de¬ 
tected, but when the choices are more 
concentrated a greater difference is 
necessary in order for the birds to 
distinguish between them. 

Several sensory systems, including 
vision and hearing, behave in this 
way, with stimuli from an environ¬ 
ment having a disproportionate effect 
when changes occur at low levels of 
stimulus intensity (Hainsworth 1981). 
This effect tells us something im¬ 
portant about the criteria of food 


detection for the regulation of energy. 
A hummingbird feeding on food of a 
low energy value (0.2M) is more sen¬ 
sitive to foods of slightly higher en¬ 
ergy value than when it is feeding on 
more concentrated food (1.0M). In 
terms of survival, a hummingbird 
feeding on a low-quality food will be 
more likely to benefit from an ability 
to detect a food of slightly higher 
quality than if the food it is already 



Table 1. The component sugars in a nectar 
vary considerably among plant species 
visited by hummingbirds in the United 
States, Costa Rica, Ecuador, and Peru. 

Sugar composition No. of species 

sucrose + glucose go 

fructose 

sucrose + glucose 13 

sucrose + fructose 7 

glucose + fructose g 

sucrose , 5 

glucose _ 

fructose __ 

polysaccharides + others 31 


source: Wolf and Hainsworth 1976 



eating is of high quality, with energy 
supplies more likely to meet demands 
for survival. 

Another variable among plants that 
influences the hummingbird's net 
gain of energy (energy consumed 
minus energy expended while feed¬ 
ing) is the volume rate of intake, de¬ 
termining the amount of time a 
hummingbird must expend energy 
while hovering to consume food of a 
given concentration. The volume rate 
of intake is influenced in turn by the 
morphology of flowers as well as by 
the morphology of the feeding appa¬ 
ratus. 


Hummingbirds consume nectar by 
licking their tongues about thirteen 
times per second (Williams and 
Ewald, pers. comm.) The amount 
obtained per lick depends on the size 
of the tongue, which is forked at the 
tip and contains a groove that fills 
with fluid. In most flowers that are 
pollinated by hummingbirds, nectar 
is secreted at the base of a tubular 
corolla, and the longer the corolla 
compared with the tongue or hill of 
the bird, the lower the volume rate of 


intake for flowers with relatively large 
volumes of nectar (Pig, 5). lower 
volumes of nectar give lower volume 
rates of intake, in an effect that is es¬ 
sentially independent of corolla 
length. Thus a small flower that pro¬ 
duces a small volume of nectar may, 
even without a long corolla, give a low 
rate of intake, particularly for a rela¬ 
tively large bird (with a large 
tongue). 

If hummingbirds are given a choice of 
the same food (0.5M sucrose) from 
two feeders, both with large volumes 
but with long corollas differing in 
length by 5 mm, they show a signifi¬ 
cant preference for food from the 
feeder providing the higher volume 
rate of intake—i.e., the cine with the 
shorter corolla (Hainsworth and Wolf 
1976). This result indicates that they 
can select foods on the basisof vol¬ 
ume rate of intake, which influences 
the rate of net energy gain. However, 
since nectar concentration, as well ® 
volume rate of intake, influences rate 
of net energy gain, what happens 
when these variables interact or are 
manipulated experimentally so that 
they are in conflict? 

We have arranged preference exper¬ 
iments in which one feeder had a de- 
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Figured. The progress of food through the di¬ 
gestive system of a hummingbird (as indicated 
by arrows ) is traced in this series of x-rays of 
Eugenes fulgens. The bird was fed sugar water 
with x-ray dense iodine and immobilized for 
the photographs taken at intervals of (/Com top 
to bottom ) 3 minutes, 11 minutes, and 48 
minutes after feeding. (From Hainsworth and 
Wolf 1972.) 


tectahly higher sugar concentration 
with a long corolla and the other 
feeder had a lower sugar concentra¬ 
tion but with a shorter corolla 
(Hainsworth and Wolf 1976). Work¬ 
ing from other information about the 
effect of corolla length and sugar 
concentration on rates of net energy 
gain, we could predict which combi¬ 
nations of a rate of volume intake and 
a sugar concentration would produce 
a switch of preference from one feeder 
to the other. The predictions assumed 
that the birds would always select 
foods that provided the highest rate 
of net energy gain. 

The birds did not meet our predic¬ 
tions. Instead, they persisted in se¬ 
lecting food from feeders with higher 
sugar concentrations until the corolla 
length on those feeders made it vir¬ 
tually impossible for the tip of the 
tongue to reach the fluid. 
According to our calculations the 
birds would have done much better, 
in terms of their rates of net energy 
gain, if they had switched to the less 
concentrated food that could have 
been obtained in much less time. 
Initially we thought this rather “silly” 
behavior might be due to inexper¬ 
ience on their part in our laboratory 
environment. (A hummingbird brain 
is, after all, rather small.) Yet they 
persisted in their preference for the 
less efficient food even after a week in 



which they suffered considerable 
weight loss. This behavior led us to 
examine factors that may influence 
the food choice of hummingbirds 
under natural conditions. Can similar 
“paradoxical” situations be found in 
nature? 

This type of observation is rare; we 
know of only one case of a humming- 
bird's selecting more concentrated 
food from flowers that yield a lower 
rate of net energy gain than the al¬ 
ternatives (Wolf et al. 1976). Under 
natural circumstances hummingbirds 
do not necessarily select flowers with 


nectar of the highest concentration, 
yet most flowers regularly visited by 
hummingbirds show relatively effi¬ 
cient rates of net energy gain when 
compared with alternative flowers 
(Wolf etal. 1976). 

A large number of factors interact to 
determine the rate of net energy gain 
in nature, including the dispersion of 
food (which influences the cost of 
obtaining it) and aggressive interac¬ 
tions (and their costs) required for 


access to food, as well as characteris¬ 
tics such as arrangement of flowers, 
volume and concentration of nectar, 
and morphology of the corolla. When 
most of these factors are simplified or 
eliminated in a controlled laboratory 
environment, sugar concentration 
emerges as a choice determinant— 
perhaps because it is important for 
rates of net energy gain under simple 
natural conditions. However,' this 
evidence does not show conclusively 
that nectar concentration determines 
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Figure 7. Negative feedback for physiological 
regulation has been conceived to operate on 
various principles borrowed from systems en¬ 
gineering, On-off control produces a threshold 
relationship between a response R and varia¬ 


tion in the regulated variable V, below a set 
point Vset' Proportional control shows a linear 
relationship between V and R . The difference 
between V and V ae t determines the rate of R in 
integral control (shown here for a constant time 


period). For derivative control R depends on 
the rate of change of V. In all cases R is a re¬ 
sponse that will restore V to original values, 
and thus maintain constancy within a 
system. 


most food choices when the full vari¬ 
ety of natural factors in costs of 
feeding is taken into account. 

Characteristics of energy 
regulation 

The preceding discussion has covered 
some of the factors influencing the 
costs and benefits of hummingbird 
feeding. The integration of these 
components gives an understanding 
of the regulation of energy based on 
the difference between intake and 
expenditure over time. Attempts have 
been made to quantify the energy 
exchange of hummingbirds in a sim¬ 
plified laboratory environment, 
which, while it cannot incorporate all 
the complexities of natural environ¬ 
ments, does provide some important 
control for sorting out basic patterns 
of resource exchange. 

The only component we have not 
discussed from our balance equation 
in Figure 1 is assimilation, or the dif¬ 
ference between energy consumed 
and energy excreted. When hum¬ 
mingbirds consume food it is initially 
stored in a crop (see Fig. 6). Fluid 
subsequently passes through the di¬ 
gestive system to a cloaca (Hain- 
sworth and Wolf 1972), We can easily 
control what is consumed; to find out 
what leaves the other end we simply 
placed small capillary tubes just in¬ 
side the cloaca to collect excreted 
fluid, which we analyzed by mea¬ 
surement of the refractive index and 
by paper chromatography. We found 
that essentially all sugars were assi¬ 
milated. If all solutes in the excreted 


fluid were sugars, assimilation was 
97-99% regardless of sugar concen¬ 
tration (Hainsworth 1974). The 
chromatography occasionally indi¬ 
cated some glucose and fructose, but 
in very small amounts. 

It is assumed that some assimilated 
energy is used for short-term main¬ 
tenance expenditures and some is 
stored for periods when short-term 
feeding cannot cover expenditures 
(such as overnight, for humming¬ 
birds). Stored energy can be consid¬ 
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Figure 8, The relationship between meal size 
and rate of net energy gain can be predicted by 
a foraging model, which calculates the rate of 
net energy gain from each feeding. At a maxi¬ 
mum rate of net energy gain, meal size will vary 
with the sugar concentration of the nectar, 
which in this graph ranges from 1.0M to 0.1M, 
Other parameters included in these predictions 
are; a bird with a mass of 3 g; 14 light hours and 
10.dark hours; an air temperature of 25°C; and 
a .round-trip transit time between perch and 
feeder of 2.0 sec. (After Hainsworth 1978,) 


ered as a regulated variable—thuf. is, 
the level of energy stored remains 
within certain limits over a period of 
time. Maintaining this relative con¬ 
stancy, or achieving homeostasis, 
means that less variation in the level 
of available energy will occur within 
an animal than within its environ¬ 
ment (Brobeck 1965). 

Energy and other resources are 
maintained relatively constant within 
an animal by means of controls. Ideas 
about controls in biology are bor¬ 
rowed from systems engineering. One 
concept commonly used is negative 
feedback, in which two functions are 
related in such a way that when the 
first function changes it brings about 
change in the same direction in the 
second function, but a change in the 
second function results in an opposite 
directional change in the first. There 
are many examples of negative feed¬ 
back in physiology, such as the de¬ 
tection of increased acidity—from 
CO 2 production, brought about by the 
use of oxygen-to control the rale and 
depth of lung ventilation (Hitzig iusl 
Jackson 1978) and the detection of 
changes in hypothalamic temperature 
in vertebrates to control the rate of 
heat loss or gain for temperature 
regulation (Heller and Gulliver 
1974). 

In studies of controls it is possible to 
treat animals as “black boxes”—that; 
is, to infer the characteristics of con¬ 
trol from the nature of changes ob¬ 
served in the output of a system when 
the input is changed. A common 
procedure in experiments is to change 
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a presumed regulated variable and 
observe responses that tend to 
maintain the constancy of that vari¬ 
able. This has been our initial ap¬ 
proach in the study of hummingbird 
energy regulation, although we would 
also like to know more about the 
components within such a compact 
“black box." 

Four general models of negative 
feedback controls have been proposed 
to account for regulation, and there is 
evidence that at least two may apply 
to feeding. The four controls, illus¬ 
trated in Figure 7, differ in the nature 
of their response (R) to change in a 
regulated variable (V) (Hardy 1965). 
For on-off controls, a maximum and 
constant response is invoked by a 
threshold effect whenever V changes 
from some set point (V Mt ). For pro¬ 
portional controls, the magnitude of 
R depends linearly on the difference 
between' V and a reference; this type 
of model is common in physiology. 
For integral controls, the rate of R 
depends on the extent of difference 
between V and a set point; for equal 
periods of time this produces an ex¬ 
ponential relationship for R when V 
varies. For derivative controls, the 
response depends on the instanta¬ 
neous rate of change of V. 

Controls in physiological systems may 
or may not involve an actual com¬ 
parison with a set point. A system 
may exhibit set point features with¬ 
out comparison as a consequence of 
steady state relationships between 
feedback functions (Milhorn 1966). 
Regardless of whether comparison is 
involved, set points are useful de¬ 
scriptive features of controlled sys¬ 
tems. 

Evidence for controls 


The view of energy regulation enbirds (Zach and Falls 1977); and 
through feeding as an on-off type of the consumption of characteristic 
control comes from investigations meal sizes by hummingbirds (De- 
collectively called “optimal foraging" Benedicts et al. 1978). The “optimal 
studies (see reviews in Pyke et al. foraging” model thus appears to ac- 
1977; Krebs 1978; Hainsworth and count for a diversity of complicated 
Wolf 1979). The studies are based on short-term feeding behaviors, 
arguments that animals would max¬ 
imize their survival and reproductive One application of this type of control 
success by maximizing the rate of net model was an attempt to explain the 
energy gain whenever they feed meal sizes of hummingbirds. The 
(Pulliam 1974; Charnov 1976). This birds have been observed to consume 
model has been tested at the short- meals of a relatively constant size that 
term level of detection-to-capture, is less than the maximum possible 
and several factors have been inter- (Wolf and Hainsworth 1977), and a 
preted as contributing to a maximum model of energy expenditures and 
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Figure 9. The average daily rate of net energy Lamparnis clementine (gray). Energy reserves 
gain, measured as a function of energy reserves, are calculated by the formula of 9,500 cal/g for 

gives evidence that energy regulation on a daily each gram of body mass over 7 g (a reference 
time scale is proportionally controlled—that point at which these hummingbird species 

is, rate of net energy gain varies with the degree enter torpor). Note that the set point, the first 
to which energy reserves differ from some set point at the right of each curve, varies among 
point, Data were obtained for four humming- individuals of the same species, 
birds: three Eugenes fulgens (color) and one 


Which of these models applies to the 
regulation of net energy? The regu¬ 
lated variable V is stored energy, and 
a response R would be any change 
that tends to maintain net energy 
content constant over time, or, in 
more general terms, anything that 
influences the rate of net energy gain. 
There are at least two views on the 
manner in which rate of net energy 
gain changes when stored energy 
varies: one is analogous to on-off 
control and the other is an example of 
proportional control. The two differ 
in the situations and time scales in 
which they are operative. 


possible rate of net energy gain during 
feeding. These include the amount of 
time spent by chickadees (Krebs et al. 
1974) and ovenbirds (Zach and Falls 
1976) in exploiting patches of cryptic 
prey; the integration of costs for 
movement between patches of prey 
by great tits (Cowie 1977); the selec¬ 
tion according to Size of prey items by 
great tits (Krebs et al. 1977), red 
shanks (Goss-Custard 1977), and 
wagtails (Davies 1977); the movement 
patterns involved in patch exploita¬ 
tion by robins (Smith 1974) and ov- 


intakes has been constructed on the 
benefit-cost principles discussed 
earlier (DeBenedictis et al. 1978; 
Hainsworth 1978). Figure 8 illustrates 
some predictions of the model—in 
particular, that the rate of net energy 
gain while feeding is maximized at a 
particular meal volume (because meal 
size, as a factor of body mass, affects 
energy expenditures). The compari¬ 
son of observed and predicted meal 
sizes shows close agreement with a 
control criterion of maximization of 
rate of net energy gain, whereas pre- 
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dictions based on maximization of net 
gain of energy per feeding episode or 
minimization of the time spent feed¬ 
ing consistently predict larger-than- 
observed meal sizes (DeBenedictis et 
al. 1978; Hainsworth 1978). 

Next we wished to examine the rela¬ 
tionship between the hummingbird’s 
energy intake and expenditure over 
longer, daily time periods. Using a 
time budget and a list of costs for 
various activities, we estimated daily 
energy expenditure; using an account 
of the energy consumed in food, we 
quantified the rate of net energy gain 
over a day (see Hainsworth et al. 1977 
for details). 

We monitored daily rates of net en¬ 
ergy gain (the general response for 
energy regulation), while energy 
stored (the regulated variable) was 
manipulated by depriving the birds of 
food for five hours a day on several 
successive days. The results, plotted 
in Figure 9, show evidence for pro¬ 
portional control of energy on a daily 
time scale but no evidence for on-off 
control; it appears that the rate of net 
energy gain depends on the degree of 
displacement of stored energy from a 
set point and is not uniformly maxi¬ 
mized over a daily period. 

One possibility for reconciling the two 
views of on-off control and propor¬ 
tional control is that daily propor¬ 
tional control may involve subsets of 
shorter-term on-off controls, Thus 
food choice or meal size may maxi¬ 
mize rates of net energy gain during 
feeding, but the timing of feeding 
and/or the rate of energy expenditure 
between meals may produce a pro- 
■ portional control over longer (daily) 
periods. 

Why might daily energy control be 
proportional in nature? The expla¬ 
nation may be found in trade-offs or 
compromises,between opposing pro¬ 
cesses. For example, if the probability 
of attack by a predator is related to 
the frequency of feeding, and if 
higher-frequency feeding also yields 
higher rates of net energy gain, the 
risk of attack would be lower if energy 
storage rates were set lower, requiring 
less frequent feeding. Adjustments in 
risk of attack versus risk of starvation 
could lead to a proportional rela¬ 
tionship between rate of net energy 
gain and displacement from a set 
point. In addition, proportional con¬ 
trols, which are very common in 


physiological systems, may be favored 
as a compromise between on-off and 
integral types of control. Whereas 
on-off controls are highly sensitive, 
they could be unstable for slight 
changes near a set point (turning on 
and off frequently). Integral controls 
are stable but relatively insensitive to 
slight changes from set points. Pro¬ 
portional controls could represent a 
compromise between sensitivity to 
changes and stability of response to 
variations near set points. 

Certain characteristics of daily energy 
control in the hummingbird suggest 
interesting possibilities for even 
longer-term—that is, seasonal- 
control of energy. As is shown in Fig¬ 
ure 9, the set point for control can 
vary with individual birds (tested at 
different times). A control system 
with variable set points could be in¬ 
volved in long-term energy regulation 
if the set points rise with an increase 
in demands for energy, such as for 
reproduction, migration, and molt. 
Furthermore, variations in the slopes 
of the relationships between energy 
reserves and the rate of net energy 
gain could contribute to long-term 
energy regulation. A proportional 
control system can generate features 
of integral control, if there is an in¬ 
crease in the rate of net energy gain 
when the difference with a set point 
is increased; alternatively, it could 
generate features of on-off control, if 
there is an increase in the rate of net 
energy gain for a given difference with 
a set point. Various combinations of 
supply and demand for energy use 
may produce such changes in energy 
regulation. Further studies of the 
nature of energy control, with a focus 
on long-term, seasonal demands for 
energy, may help to clarify these 
possibilities. 
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Edward A. Hinds Parity and Time-Reversal Invariance 
in Atoms 

What can be learned about the fundamental forces 
of nature from the symmetries of atoms ? 


A symmetry operation is any real or 
imagined operation that leaves the 
physical world unchanged. Physicists 
believe that the passage of time is a 
symmetry operation, for example, 
because no difference has ever been 
found between the physical laws of 
the past and those of the world today. 
A similar symmetry is thought to 
exist with respect to translation in 
space: namely, if everything in the 
universe were displaced by the same 
amount, there would be no observable 
consequences. These symmetries are 
an important aspect of classical 
physics; in particular, it can be shown 
that they are fundamentally related 
to the laws of conservation of energy 
and momentum. 

Over the past fifty years symmetry 
principles have become a central 
theme in physics. From the modern 
point of view, symmetries in the ab¬ 
stract spaces of color and flavor, as 
well as in space-time, are seen as the 
essential features of nature. Symme¬ 
try principles have already led to the 
formulation of a successful unified 
field theory of weak and electromag¬ 
netic interactions, and eventually 
there is some possibility of a more 
fundamental unified theory, in which 
all particles would be viewed as rep¬ 
resentatives of a single grand sym- 
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metry group (see Georgi 1981, for 
example). 

In this article I shall focus on experi¬ 
ments in atomic physics that are de¬ 
signed to test the symmetry of nature 
under two basic space-time opera¬ 
tions. They are parity (or space in¬ 
version) and time reversal (or time 
inversion). 

Symmetry operations 

The parity operation, P, constitutes 
a change in the sign of all spatial 
coordinates; it is the operation Jr -* 
-r. This is often visualized as a mir¬ 
ror reflection followed by a rotation 
through 180° around a normal to the 
mirror. Figure 1 shows P operating on 
a right hand and a right-handed 
corkscrew. The results are a left hand 
and a left-handed corkscrew. These 
are different from their right-handed 
counterparts in a basic way, since no 
rotation can turn the left- and right- 
handed versions into one another. 
The essential feature of a system in 
which P is a symmetry operator is the 
absence of any such handedness. 

The laws of electromagnetism, em¬ 
bodied in Maxwell’s equations, have 
no handedness—that is, they are in¬ 
variant under P. To the extent that 
atoms are held together by electro¬ 
magnetic interactions, it is a natural 
and powerful consequence of this 
symmetry that the properties of 
atoms must be unaffected by P. To 
illustrate this, let us suppose that the 
average position of the proton in a 
normal hydrogen atom is at a small 
distance, x , from the center of charge 
of the electron cloud. Such a hydro¬ 
gen atom has an electric dipole mo¬ 
ment ex, where e is the charge of a 
single proton or electron. We will 
presume that x is parallel to the total 


angular momentum of the atom, I' 
(Fig. 2). Under the operation P, the 
angular momentum, F, does not re¬ 
verse, because it describes the direc¬ 
tion of rotation, which does not 
change, but x does. Evidently, P 
leaves us with a different atom, in 
which the electric dipole moment is 
antiparallel to the angular momen¬ 
tum. Application of the symmetry 
argument therefore rules this out as 
a possible stationary state of hy¬ 
drogen. 

It is helpful to distinguish two kinds 
of vectors: axial vectors, A, wh ich do 
not change sign under P , because they 
describe a rotation, and polar vectors, 
V, which describe a displacement and 
therefore change sign under I\ From 
these one can form the scalars AM 
and V‘V, which are invariant under 
P, and the so-called pseudoscnlnr 
V‘A, which changes sign. The theo¬ 
rem that the intrinsic properties of an 
atom must be invariant under P thus 
forbids any atomic property that is 
proportional to a pseudoscalar. Thus, 
in the example of the hydrogen atom 
given above, the pseudoscalar (x*K) 
is forbidden. 

In contrast to electromagnetic phe¬ 
nomena, the weak interaction bla¬ 
tantly violates invariance under P. 
When a nucleus decays through the 
weak interaction, the neutrino that is 
emitted has its spin, <r, antiparallel i« 
its linear momentum, p. The pseu¬ 
doscalar quantity (trp), which is 
known as the helicity of the neutrino, 
does not vanish. This fundamental 
difference between weak and elec¬ 
tromagnetic interactions is important 
in the experiments to be discussed 
later. 

The operation of time reversal, T, 
constitutes a change in the sign of the 

- ■ /. ■ " v;T; 


time coordinate, viz. t -f, In some 
ways it is analogous to running a 
movie backward. Under T the posi¬ 
tion of the particle is unchanged, but 
its velocity is reversed (as are all odd 
time derivatives of position). 

Maxwell’s equations are invariant 
under T as well as P. From this 
time-reversal invariance, or symme¬ 
try, it follows that the properties of 
atoms must be unaffected by T. The 
hydrogen atom serves to illustrate the 
use of T invariance (see Fig. 2). Under 
the operation of T, the dipole mo¬ 
ment, ex, is unchanged, but the an¬ 
gular momentum, F, reverses, leaving 
the atom in a fundamentally different 
state, in which F and x are antipar¬ 
allel, Consequently the atomic state 
proposed in Figure 2 is forbidden by 
7\ as well as by P, symmetry, 

A third, important symmetry opera¬ 
tion is charge conjugation, C; this is 
the operation whereby each particle 
is transformed into its antiparticle. 
Most atoms do not exhibit obvious C 
symmetry, since the atom and the 
anti-atom are different, but positro- 
nium, e + <r, is an interesting excep¬ 
tion. The significance of C in the 
present context is its relationship to 
P and T through the CPT theorem. 
Roughly stated, this theorem says 
that in any field theory that satisfies 
reasonable conditions, such as con¬ 
sistency with relativity, the operation 
of all three transformations, C, P, and 
T , must lie a symmetry operation. 
Consequently, a system that violates 
CP symmetry must also violate T 
symmetry. (For a discussion of these 
symmetries, see Emmerson 1972.) 

Until 1956 all the experimental evi¬ 
dence in atomic, nuclear, and particle 
physics was consistent with the view 
that P, C, and T are symmetries of 
nature. As early as 1950 Purcell arid 
Ramsey pointed out that these sym- 
me tries should be tested experimen¬ 
tally, and that existing data did not 
provide very accurate tests. They 
suggested searching for permanent 
electric dipole moments of elemen¬ 
tary particles and nuclei as a test of P 
and T symmetry, but no such effect 
was found. Then in 1956 Lee and 
Yang focused on the possibility that 
P is not a symmetry operation for the 
weak interaction. The experiments 
they suggested revealed that the weak 
interaction does indeed violate both 
P and (.' invariance. In the following 
year Landau (1957) suggested that 



Figure 1. The parity operation turns a right 
hand into a left hand and a right-handed 
corkscrew into a left-handed corkscrew. 


symmetry might still hold for the neutral kaons is not invariant under 
weak interaction under the combined CP, According to the CPT theorem, 
transformation CP. this implies that even T invariance is 

violated in the weak interaction. 
In order to test Landau’s suggestion, These discoveries stimulated great 
a famous experiment was carried out interest in all space-time symmetries 
by Christensen, Cronin, Fitch, and of weak, electromagnetic, and strong 
Turlay in 1964, which demonstrated interactions, which continues to this 
that the weak decay of long-lived day. 


F F 
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Figure 2. In this hypothetical hydrogen atom, electric dipole moment, changes sign, but F 
the proton is displaced from the center of the does not. Under a time-reversal operation 
electron charge by a small distance, x, parallel {below), the dipole moment is unchanged, but 
to the total angular momentum, F. Under a • Fis reversed, 
parity operation (above), x, and hence the 
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In the .remainder of the article I shall 
discuss two general classes of experi¬ 
ments designed to test the symmetry 
of atomic systems under parity. The 
first, which comes under the heading 
of electric dipole experiments, seeks 
evidence of violation of both P and T 
symmetry. The aim of this class of 
experiments is to find another case of 
T noninvariance, which could help in 
formulating a correct theory of the 
forces involved in neutral kaon, or K°, 
decay. The goal of the second class of 
experiments—parity experiments—is 
to measure atomic phenomena that 
violate P, but not T, symmetry. Un¬ 
like the electric dipole experiments, 
these parity experiments measure 
quantities for which there are rather 
definite theoretical predictions based 
on a gauge field theory known as the 
Weinberg-Salam model (see Georgi 
1981). A substantial body of high- 
energy experimental data supporting 
the Weinberg-Salam model already 
exists, and the purpose of these ex¬ 
periments is to test the model in the 
low-energy, atomic environment. 

Electric dipole 
experiments 

We have already seen that for either 
P or T to be a symmetry operator, the 
static electric dipole moment (edm) 
of the hydrogen atom must be zero. 
The essential features of the argu¬ 
ment can be restated for any system 
that has angular momentum. When 
there is no angular momentum, the 
system is spherically symmetric, and 
the edm must vanish for that reason. 
The spherical symmetry is a conse¬ 
quence of rotational invariance, 
which is beyond the scope of the 
present discussion, however. An 
atom, nucleus, or particle with angu¬ 
lar momentum and an edm would be 
direct evidence for the violation of 
both P and T symmetry. The search 
for such a system dates back to the 
suggestion of Purcell and Ramsey in 
1950, and it has been a major part of 
the work done on fundamental sym¬ 
metries by atomic physicists. 

A beautiful series of experiments de¬ 
signed to measure the edm of the 
neutron has been carried out by 
Ramsey and co-workers (for a review 
of this work, see Golub and Pendle- 
bury 1972). The basic principle is 
rather simple. The neutron has a 
magnetic moment, % parallel to its 
spin angular momentum, s, and in 
addition a supposed small edm, d. 
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Figure 3. For a neutron in a combination of 
external static electric and magnetic fields, E 
and B, respectively, two energies are possible. 
When E and B are parallel, these two energy 
levels are separated by 2 (nB + dE), where d 
and jit are the electric and magnetic dipole 
moments, respectively, When E and B are 
antiparallel, the energy levels are separated by 
2(fiB - dE). Thus, switching the fields from 
parallel to antiparallel results in a change in the 
energy interval of 4 dE. 


Thus the energy of interaction be¬ 
tween the neutron and the external 
static electric and magnetic fields, E 
and B, respectively, is pB + d'E, 
Figure 3 shows the possible energies 
of the neutron with E and B parallel 
and antiparallel. In each case there 
are two such energies, corresponding 
to the two possible orientations of the 
neutron spin with respect to the 
magnetic field, B. When the electric 
field, E, is reversed, the difference 
between the, two energies changes by 
4 dE. 


neutrons whose spin direction is re¬ 
versed is very sensitive to the quan¬ 
tity /-/()• When the static electric 
field, E, is reversed, there is a shift in 
/o equal to 4 dE/h, which affect s flit- 
number of neutrons making the spin 
flip transition. It is this small change 
in the number of neutrons whose 
spins change direction that the ex¬ 
periment seeks to detect. 

So far this technique has failed to 
reveal a neutron edm, despite its ex¬ 
traordinary precision. The latest re¬ 
sult for the value of the neutron edm, 
d n , can be expressed in units of e cm, 
the edm of an electron and positron 
separated by 1 cm, as d n = (0.4 ± 1.5) 

X 10“ 24 e cm (Dress et al. 1977). A 
similar result has recently been pub¬ 
lished by a group in Leningrad led by 
Lobashov, who find that d n = (0.4 ± 
0.75) X 10" 24 e cm (Altarev 1980). 

A crude estimate of d a can he made 
quite simply. The experiments on K" 
decay indicate a weak force with only 
about one-thousandth of the strength 
of the normal weak interaction. This 
force violates CP, and hence 7', sym¬ 
metry and presumably violates P 
symmetry as well. Its strength is ) 
roughly 10~ 9 times that of the strong 
interaction that dominates the 
structure of the neutron. Since the 
characteristic size of the neutron is 
10" 13 cm, it would seem reasonable to 
expect an edm of the order of ltr-* 
cm. The upper limit for the experi¬ 
mental results is a hundred times, 
smaller than our estimate, and, as a 
result, many theoretical models have ; 
now been ruled out, 


In order to detect that small change 
in energy interval, a beam of neutrons 
whose spins are aligned is passed 
through a magnetic resonance region, 
in which an oscillating magnetic field 
of frequency / stimulates a reversal in 
the direction of the neutron spins. 
The resonant frequency, / 0 , is given 
by the energy interval divided by 
Planck’s constant, h. In any experi¬ 
mental determination of energy, there 
is an uncertainty proportional to the 
inverse of the observation time, ac¬ 
cording to Heisenberg’s uncertainty 
principle. In this case the energy un¬ 
certainty appears as the width of the 
resonance. By using very slow neu¬ 
trons, the interaction time of the 
neutrons with the oscillating field is 
made long, and the resonance is nar¬ 
row. Consequently, the number of 


It has recently been conjectured that 
the force in the early universe that 
produced more baryons (heavy par¬ 
ticles, such as neutrons and protons) 
than antibaryons may also produce 
an edm on the neutron (Ellis et al. 
1981). Based on astrophysics! data for 
the ratio of baryons to antibaryons in 
the universe, the neutron edm should 
be greater than 3 X Hr 28 a cm. Tims 
the discovery of a neutron edm ciflhh 
order of magnitude, or indeed its ab¬ 
sence, has consequences on both a 
microscopic and a cosmic scale, 

Experiments similar to those with 
neutrons have been done on a variety 
of atoms and molecules. The basic 
method is to pass a beam of polarized 
atoms or molecules through a region 
of electric and magnetic fields and to 
stimulate in the atom or molecule a 
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resonant transition to a state of dif¬ 
ferent polarization. The electric field 
is then reversed, and the experi¬ 
menter tries to detect changes in the 
number of atoms undergoing the 
transition. Detection of this effect 
would imply violation of both P and 
T symmetry in the atom. 

Possible causes of such a symmetry 
violation are numerous. There might 
be a permanent edm on the proton or 
electron. Perhaps the strong force, 
which binds the neutrons and protons 
together, violates P and T symmetry, 
resulting in an edm of the nucleus as 
a whole, even if the individual neu¬ 
tron and proton have no edm. It is 
also possible that the force that binds 
the electrons to the nucleus produces 
an atomic edm of the kind considered 
in the discussion of the hydrogen 
atom. Exactly which of these possi¬ 
bilities a particular experiment is 
sensitive to depends on the details of 
that experiment. 

The two most sensitive experiments 
of this kind were aimed primarily at 
detecting the edm on the electron and 
the proton. In their electron edm ex¬ 
periment, Player and Sandars (1970) 
used a beam of metastable xenon 
atoms in which the angular momen¬ 
tum of the electrons was polarized 
along the magnetic field. The reso¬ 
nant transition in this experiment 
was to a state of different electronic 
polarization. Player and Sandars were 
unable to detect any change in the 
transition frequency when the strong 
electric field was reversed and inter¬ 
preted their result in terms of an 
electron edm, |d (j J ■= (0.7 ± 2.2) X 
1 ()' :M c cm, which is not significantly 
different from zero. 

One might wonder why the experi¬ 
ment was not done on a beam of free 
electrons. Here the difficulty is that 
the electron, unlike the neutron, is 
charged and will immediately be ac¬ 
celerated out of the beam by the 
electric field, In a neutral system such 
an an atom this problem does not 
arise, but a related one does. The 
dominant force acting on the electron 
in an atom is electrostatic. When an 
external electric field is applied to an 
atom, the electron cloud is distorted 
as each electron seeks a new location 
where the total electric field (external 
plus internal) is zero. The problem is 
that in its new equilibrium position, 
the electron has no electric dipole 
interaction energy. However, there 
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Figure 4. In the proton edm experiment using 
thallium fluoride, the orientation of the mole¬ 
cule is periodically reversed by reversing the 
direction of a small external electric field, E exl . 
This causes no change in the direction of the 
nuclear spin angular momentum associated 
with the outermost proton, but it changes the 
direction of the internal electric field. Should 
the proton have a permanent electric dipole 
moment, this change would affect the fre¬ 
quency of transition of the molecule to a state 
of different nuclear spin polarization, which is 
what the experiment seeks to measure. 


are also magnetic forces, which push 
the electrons into equilibrium posi¬ 
tions where the electric field is not 
exactly zero. It is because of these 
forces, which are relatively large in 
xenon, that the experiment using a 
beam of xenon atoms worked. 

In our proton edm experiment, 
Sandars and I used a diatomic mole¬ 
cule, thallium fluoride (T1F) (Hinds 
and Sandars 1980). The T1 nucleus 
was polarized, and the resonant 
transition was between states of dif¬ 
ferent nuclear polarization. A mole¬ 
cule was used because its internal 
electric field (~5 X10 9 V/cm) is much 
higher than electric fields obtainable 
in the laboratory. The internal elec¬ 
tric field was reversed relative to the 
angular momentum of the T1 nucleus 
simply by reversing the orientation of 
the molecule (Fig. 4). Since the an¬ 
gular momentum of the T1 nucleus is 
associated with its outermost (va¬ 
lence) proton, it is the edm of this 
particle that is being measured. 
Again, a nonelectrostatic force is 
needed if the proton is to experience 
a net electric field, and in this case it 
is the nuclear force that is relevant. 
The null result for the proton edm 
was d p = (1-8 ± 7) X 10' 21 ecm. 

The experimental results for xenon 
and thallium fluoride also place very 
strict limits on the strengths of pos- 


#* 

sible P- and T-nonconserving weak or 
electromagnetic forces between the 
electrons and the thallium nucleus. 

The present situation is that in spite 
of many efforts in atomic, nuclear, 
and particle physics, no system has 
yet been observed to violate T sym¬ 
metry except the K° particle, for 
which T noninvariance is inferred 
from the violation of CP symmetry. 
The cause of this effect in the K° 
particle is unknown, and observation 
of the effect in some other situation 
could provide important new infor¬ 
mation on the fundamental forces of 
nature. 

Parity experiments 

The violation of P symmetry in ra¬ 
dioactive /3-decay, which was discov¬ 
ered in 1964, is well established as a 
property of the weak interaction. The 
view that was prevalent in the 1960s, 
which now appears incomplete, was 
that the weak force between two 
particles was due to the exchange of 
a third, heavy, charged particle, W + 
or W- 

We shall now consider the implica¬ 
tions of this theory for the electron- 
nucleus interaction in an atom. In the 
simplest process an electron sends a 
W~ particle to the nucleus. The 
electron, having lost its negative 
charge, turns into a neutrino, and the 
nucleus absorbs the negative charge 
by changing one of its protons into a 
neutron (Fig. 5), This is a well-known 
form of radioactive decay, which 
clearly does not happen at a detect¬ 
able level in stable atoms. In the late 
1960s Weinberg (1967) and Salam 
(1968) independently proposed a 
model of weak interactions that re¬ 
quired, in addition to the charged W 
particles, a neutral particle, Z°, 
whose exchange would result in a new 
weak force. The credibility of this 
theory was established in 1974, when 
the neutral-current weak interaction 
was discovered in neutrino scattering 
experiments. In atoms the signifi¬ 
cance of this result is that one can 
expect weak interaction effects of the 
kind illustrated in Figure 5. 

The most immediate difficulty in 
detecting weak phenomena in atoms 
is that typical weak interaction 
energies, characterized by the Fermi 
coupling constant, Gf, are smaller 
than typical atomic energies by about 
KT 14 . Clearly we need to find atomic 
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Figure 5. In the early 1960s it was thought that the negative charge from the electron is ab- of neutral Z {> particles, Such a force would 

the weak force between two particles was en- sorbed by the nucleus, and the electron is cause electron-nucleus (center) and electron- 

tirely due to the exchange of a charged particle, converted into a neutrino (left). However, electron interactions (right) in which no charge 

W*. Thus, an electron, e~, sends a W“ particle Weinberg and Salam subsequently proposed is transferred, 

to a nucleus with Z protons and N neutrons; an additional weak force due to the exchange 


processes in which the electromag- The technique is based on the fact does not. Thus the signal of interest 
netic effects are suppressed and the that in quantum mechanics the appears in a perfectly natural way for 
weak effects are enhanced. probability of a transition can be an effect that violates P symme- 

written as the square of a transition try—namely, as a difference in the 
As an introduction to the methods amplitude. If there is more than one response of the atom to left- and 
used in parity experiments, it is useful way for the transition to proceed, the right-handed combinations of exter- 
to consider an atom in which P sym- amplitudes for the various ways must nal fields. An experimental mea- 
metry is not violated. In such an atom be added, and the sum must then be sureraent of this kind is generally 
the density of electrons, p, at radius r squared. We shall now consider an expressed as an asymmetry, .A, 
must equal that at -r, that is, p(r). experiment involving a pair of states where 
-p(-r). In quantum mechanics the connected by two different transition y, _ m n a 

state of an atom is described by a , amplitudes. One of the ways in which A = ~ sh - ■ ~ ■ eft = — 
wave function, \j/, whose square is the the transition can proceed, of ampli- ri s ht * left 4 

electron density. Consequently two tude A pv , violates P symmetry and is The first experiments to measure 
types of wave functions are possible: induced by an oscillating electric P-violation in atomic physics were 
those with i fir) = \]/{-r), and those field. The other way, which does not stimulated partly by circumstances 
with i/ir) = These allowed require P violation and can be in- (the discovery of weak neutral cur- 
states of the atom are said to have duced by an oscillating magnetic rents and the possibility of very pre- 
even parity aid odd parity, respec- field, for example, has an electro- cise spectroscopy using dye lasers) 
tively. It is possible to show that an magnetic amplitude, A, that is much and partly by an article by Bouchiat 
external, oscillating electric field greater than A P y. The total transition and Bouchiat (1974), who showed 
cannot induce a direct transition be- probability, T, is given by that in heavy atoms the transition 

tween states of the same parity. On amplitude, A pv , due to P-violating 

the other hand, if parity is not an T = {A + A pv ) 2 neutral currents, should scale roughly 

exact symmetry of the atom, this is no _ A 2 + 9, A A +42 as Z 3 , where Z is the number of pro- 
longer the case, and an oscillating _ pv pv tons in the nucleus. This implies an 

electric field can induce transitions Without the allowed transition, of enhancement in A pv of 10 r, -10 fi , rela- 
between states having nominally the amplitude A, the transition proba- tive to light atoms. Bouchiat and 
same parity. The ease with which bility would be just A pv 2 , which is too Bouchiat considered the possibility of 
such transitions can be induced is a small to measure. But when there is stimulating atomic transitions be- 
measure of the strength of P-nonin- an allowed transition between the tween states of the same parity, using 
variant (presumably weak) interac- states, there is, in addition, a much a beam of light, the optical electric 
tions in the atom. All the atomic larger P-violating transition proba- and magnetic fields of which would 
parity experiments measure such bility, 2 AA pv . The price one pays for induce the transitions of amplitudes 
forbidden transitions (for a complete this enhancement is the presence of A pv and A, respectively. They main- 
summary of parity experiments, see the even larger, purely electromag- tained that in suitably chosen tran- 
Williams 1979). In principle this ap- netic transition probability, A 2 . sitions in heavy atoms, the asymme- 
proach could give complete suppres- try, A, between left- and right-cir- 

Sion of purely electromagnetic (P- It can be shown that the part of the eularly polarized light should be large 
symmetric) processes. However, the transition probability of interest, enough to measure, 
probability of inducing a transition in 2 AA pv , can be induced only by a 

this way is too small to be detected, combination of electromagnetic fields In 1974 experiments were started, 
apd the experiments must use a that has a handedness, or corkscrew using thallium and cesium. The basic 
slightly more complicated tech- sense. When that handedness is re- method was to illuminate a cell of 
n ^ ue ' versed, 2 AA pv changes sign, while A 2 atomic vapor with circularly polarized 



%ht. When the atoms absorb the in the bismuth, experiments is ap- neutral-current weak force that vio- 
tyht, they make a transition from proximately 10" 7 radians—about the lates P symmetry may be considered 
%ir lowest energy state to an excited size of the angle subtended by the as the sum of two forces: one de¬ 
viate. The experiments aim to detect width of a finger at a distance of 130 pending on the spin of the nucleus, 
a change in the number of atoms in kilometers. Because the angle is so the other on the spin of the electron. 

excited state when the light po- small, the experimenters have had to In heavy atoms only the latter is en- 

l^ization is changed from left to work hard to eliminate systematic hanced by Z 3 , and therefore that is 
r '£ht. Such an asymmetry has been experimental errors. In spite of the the force that is being measured in 

detected in the thallium experiment, practical difficulties, two of the four the heavy atom experiments, Hy- 

%1 the result has been interpreted as groups working on bismuth have now drogen, on the other hand, is equally 
insistent with the Weinberg-Salam detected an optical rotation in the sensitive to both components and can 
tiieoiy of weak interactions (Bucks- expected direction of roughly the ex- therefore yield more extensive infor- 
Wim et al. 1981). The necessary pected size, The more recent result, mation on the weak force. Third, 
^lsitivity has not yet been achieved from a group at the University of study of hydrogen and deuterium 
•Hhe cesium experiment, but results Washington (Hollister et al. 1981), makes it possible to disentangle the 
are expected soon. constitutes a significant confirmation electron-proton and electron-neutron 

of the Weinberg-Salam theory. weak interactions. 

In addition, several groups have now 

studied the heavy atom bismuth. One difficulty with heavy atom ex- Three parity experiments involving 
These bismuth experiments make use periments is theoretical. The struc- hydrogen are in progress at the mo- 
of the idea that a beam of linearly ture of heavy atoms is complicated ment. In their present configurations 
polarized laser light can be regarded enough to make it difficult to relate all three measure the Pi-violating 
as two superposed beams, one left- the measured asymmetry to the fun- weak force that depends on the spin 
and one right-circularly polarized. If damental electron-proton and elec- of the nucleus (in this case the pro- 
the atomic transition probability for tron-neutron weak interactions with ton)—that is, the weak force to which 
the two beams is slightly different, better than 10 - 20 % accuracy. Con- the heavy atom experiments are rel- 
one will travel faster through the sequently these experiments, which atively insensitive. Each of the ex¬ 
vapor than the other, in which case are very important for testing the periments uses a beam of hydrogen 
the sum of the two beams is still lin- validity of weak interaction theory at atoms that have been excited to the 
early polarized, but the plane of po- low energy, may not be able to pro- 2S state. This state is said to be 
larization is rotated through a small vide precise information on the metastable, because its decay back to 
angle. The direction of rotation strength of neutral-current weak the ground state—the state of lowest 
(clockwise or counterclockwise) de- forces. The best hope for obtaining energy—is much slower (with a life- 
pends on which circularly polarized this kind of information seems to lie time ~Vg sec) than a typical atomic 
beam traveled faster through the in a newer class of experiments on decay (with a lifetime ~ 10~ 8 sec), and 
vapor. The corkscrew sense of such an hydrogen and deuterium. on the time scale of the experiments 

optical rotation is manifestly a vio- it is essentially stable, 

lation of P symmetry, and in fact one At first sight hydrogen may seem an 

can show that the angle of rotation is unlikely atom to choose, since there The beam is first polarized in the 

directly proportional to the asym- is no Z 3 enhancement of weak inter- sense that a definite relative onen- 

metry ,A, actions, because Z - 1. However, tation of electron and proton spins is 

one-electron atoms have a unique chosen. Atoms having the “wrong” 
The effect in bismuth is fundamen- feature that makes them attractive spin orientation are stimulated to 
tally different from the well-known experimentally in spite of their decay to the ground state and thus 
optical rotation induced by certain somewhat feeble weak interaction, will not be seen by the beam detector, 
organic molecules, such as dextrose, This feature is that there are two The polarized beam then passes 
that have a handed molecular struc- states of the atom (known as 2 S and through a transition region, in which 
ture. In organic molecules of this type, 2P) that have almost the same energy, a handed^ combination of electro- 
the optical rotation merely reflects with wave functions of opposite par- magnetic fields induces transitions to 
the fact that the experimenter has ity. Under the influence of a force a state of different polarization, What 

placed more right- than left-handed that violates P symmetry, the wave one looks for is an asymmetry in the 

piolecules in the path of the light, and functions for these states would suffer number of transitions when the han- 
the fact that these molecules have a anomalously large distortions, be- dedness of the external fields is 
banded structure does not imply a cause they are so close in energy. In switched from left to right. Two 
violation of P symmetry. If P is a fact, one finds that an atomic hydro- groups, those at the University of 
symmetry, then the left- and right- gen transition involving the 2S or 2 P Michigan and the University of 
handed forms are identical in every state can have a transition amplitude, Washington, perform their expen- 
nther respect, and although the mol- A pv , as large as that for a heavy atom ments in a static magnetic field, 
Lie must be in one form or the (Dunford et al. 1978). whose strength is chosen to make the 

other, the choice is essentially , 2 B- 2 P energy difference as small as 

+ ( ary. This kind of symmetry-break- From the theoretical point of view, possible. In those experiments the 
• n pr cannot occur in single atoms be- there are several additional attractive transition is resonant at microwave 
/, a use of the relative simplicity of features of hydrogen,and its heavy frequencies ( 1-2 GHz). The third 
their structure. isotope deuterium.'First, the theory group, at Yale, sacrifices certain 

1 can be worked out almost exactly for technical advantages of that method 

The angle of optical rotation expected such one-electron atoms, Second, the for the simplicity of having no static 
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magnetic; field (Hinds 1980), in which 
case the transition is resonant at a 
radio frequency (~177 MHz). 

Each of the hydrogen experiments 
uses a different electromagnetic field 
configuration to drive the transition. 
Thus, although they all seek to mea¬ 
sure the same quantities, the results 
obtained will be complementary from 
an experimental point of view. It is 
hoped that the first measurements 
can be successfully concluded during 
the next two years, but a considerably 
longer time is required for completion 
of the whole program, including 
measurements of the electron spin- 
dependent force in hydrogen and of 
both nucleus and electron spin-de¬ 
pendent forces in deuterium. The 
importance of the experiments, which 
makes them worthwhile in spite of 
their difficulties, lies in the wealth of 
precise and unambiguous information 
they can yield. 

The study of atomic and molecular 
systems has played a major role in the 


discovery of symmetry principles and 
in the early development of such 
principles into a powerful theoretical 
tool. The most cherished hope of 
physicists today is that it will even¬ 
tually be possible to describe the 
forces of nature in a single unified 
field theory, based on an underlying 
symmetry common to all fundamen¬ 
tal particles. The work described in 
this article has provided, and will 
continue to provide, important clues 
to the solution of this most basic 
problem in science. 
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Arnold E.Reif The Causes of Cancer 

While some cancers are genetically fated to appear, 
most have now been traced to environmental factors 


Although one third of all cancer pa¬ 
tients are alive at least five years after 
treatment (American Cancer Society 
1980), cancer remains a dreaded dis¬ 
ease. Despite modern advances, many 
types of cancer kill unrelentingly if 
discovered too late. Cancer is a for¬ 
midable adversary, since a cure de¬ 
pends on destroying not a foreign in¬ 
vader but the body’s own cells, which 
have rioted and are growing out of 
control of the restraints that limit the 
growth of normal cells to the precise 
specifications of the genetic blue¬ 
print. 

As our understanding of the causes of 
the various types of cancer unfolds, it 
is becoming apparent that a minority 
of cancers are genetically fated to 
appear, while most are caused by en¬ 
vironmental factors. This paper re¬ 
views the present state of knowledge 
concerning the causes of the various 
types of cancer. 

According to an American Cancer 
Society (1980) forecast for 1981, 
about 805,000 people will be diag¬ 
nosed as having cancer and roughly 
420,000 will die of the disease in that 
year. Despite an increasing cure rate, 
cancer was the second most common 
cause of death in America in 1977, the 
latest year for which data are avail¬ 
able from the Public Health Service. 
The leading causes of death at that 
time were heart disease (38%), cancer 
(20%), stroke (10%), accidents (5%), 
and influenza and pneumonia (3%), 
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which together accounted for three 
fourths of all deaths. 

Are we experiencing a cancer epi¬ 
demic due to man’s contamination of 
the environment? According to the 
American Cancer Society (1980), the 
only dramatic increase has been in 
lung cancer, which has almost tripled 
within the last twenty-five years be¬ 
cause of an increase in cigarette 
smoking. It is true that there has been 
a gradual increase in the cancer death 
rate in the United States, but this is 
accounted for by an increasing per¬ 
centage of older people (Chiazze et al. 
1976). Cancer develops far more fre¬ 
quently in older people, since its in¬ 
cidence is roughly proportional to the 
sixth power of age. Because the av¬ 
erage age of our population continues 
to rise, one out of four people now 
alive will eventually contract cancer 
(American Cancer Society 1980). 

There have been additional changes 
in the incidence of cancer during the 
last twenty-five years. An increase of 
30% in the incidence of cancer of the 
pancreas has been linked to cigarette 
smoking and, more importantly, to 
coffee consumption (MacMahon et al. 
1981). There has also been a slight 
increase in the incidence of leukemia 
in men. By contrast, there has been a 
large decrease (60%)in stomach can¬ 
cer; while the reason for this is not 
known, it may be due to the use of 
refrigeration rather than chemical 
preservatives or smoking of meat to 
prevent spoilage of food. There has 
also been a substantial (nearly 50%) 
decrease in liver cancer, and. a de¬ 
crease of nearly 60% in the incidence 
of cancer of the cervix in women, 
owing to the widespread use of the 
Pap smear to detect precancerous 
stages. These changes in incidence 
have been very gradual, since the time 
lag required for a detectable change 


in cancer incidence to result from a 
change in the exposure of a popula¬ 
tion to a given carcinogen may vary 
from a few years to a lifetime. 

Cancer of the lung is the leading cause 
of cancer deaths in men, and the sec¬ 
ond most common cause in women 
(Table 1). Besides cancer of the lung, 
cancer of the digestive tract (colon 
and rectum) and leukemia and lym¬ 
phoma are relatively common in both 
sexes. The only other types of cancer 
that occur frequently are sex-related: 
cancer of the prostate in men, and 
cancers of the breast and uterus in 
women. Among children aged 3 to 14 
years, cancer is responsible for more 
deaths than any other disease. During 
1980, about 2,300 children died of 
cancer in the United States, ap¬ 
proximately half of them from acute 
lymphocytic leukemia. 

Genetics and cancer 

The essential feature that differen¬ 
tiates a tumor cell from a normal cell 
is a heritable change which frees the 
tumor cell at least partially from re¬ 
sponse, to the precise signals that 
order growth to stop once the re¬ 
quirements of cell growth specified by 
genetics have been fulfilled. Recent 
research suggests that at least two 
changes must occur in the DNA of a 
normal cell before it can evolve into a 
tumor cell: a mutation that makes the 
normal cells from, which the tumor 
cells develop susceptible to further 
genetic change, and a second muta¬ 
tion or other change in the DNA that 
transforms the mutant susceptible 
cell into a tumor cell. Knudson (1977) 
has suggested that individuals from 
families with an unusually high inci¬ 
dence of a particular tumor may have 
already inherited a gene that codes 
for one of the changes required to 
develop that tumor. For instance, in 






the case of approximately half the bers have a high incidence indicates a carcinogen has no effect (Gori 1980). 
people who develop retinoblastoma, that genetic susceptibility is an im- However, if we view a population as 
a rare form of cancer involving the portant factor, but not as important composed of people who possess a 
eye, the tendency to develop it is as whether or not one smokes. Doll whole spectrum of susceptibilities for 
dominantly inherited, and 95% of the (1978) has concluded that his data are a given type of tumor, then any in¬ 
gene carriers develop the cancer. compatible with a frequency distri- crease in exposure to a carcinogen 
bution of susceptibilities ranging that can produce that tumor will 
There is now strong evidence that the continuously from low to high. move their susceptibilities in the di- 
degree of genetic susceptibility to the rection of incidence at an earlier age 

development of cancer varies from As a logical extension of Doll’s view, (see Pig. 1). Such a shift will increase 
person to person (Knudson 1977), there must exist a characteristic fre- the likelihood that this tumor will win 
and that genetic predisposition is quency distribution for the genetic out over other, competing causes of 
more important for the development susceptibility of a given population death. However, the practical impact 
of some types of tumors than others, for each of the different types of tu- of this increase will depend on many 
However, there are very few families mors. I have derived such curves (Fig. different factors, such as dose, the 
in our country in which a relative has 1) for lung cancer in smokers and in number of people exposed, anti the 
not developed cancer. The only nonsmokers (Reif 1981). Unfortu- shape of the dose-response curve for 
known exceptions are families where nately, these curves record not only the carcinogen, 
short life-spans are the rule, so that genetic susceptibilities but the effects 

death occurs from other diseases be- of exposure to all unknown carcino- (Chemicals and Cancer 
fore cancer can develop. In most cases gens whose target is the lung. Non- 

where there is a familial tendency to smokers contract lung cancer rarely, Since DNA is the primary source of 
develop cancer, the increase in inci- because only a small proportion have heritable information in cells, the 
dence is not dramatic, For instance, sufficiently high susceptibilities. By most direct mechanism by which a 
women from families in which there contrast, smokers have a tenfold carcinogen can act is to bring about a 
is a genetic tendency to develop higher risk of lung cancer, because change in cellular DNA. It has been 
breast cancer have only a threefold smoking has greatly increased their shown in many laboratories that 
higher risk of this cancer on the av- susceptibilities beyond those or- chemical carcinogens can bind di* 
erage than any other woman. dained by genetics. rectly to DNA and thereby presum¬ 

ably effect a carcinogenic mutation. 
In the case of lung cancer, pedigree A controversy exists over whether or However, chemical carcinogens also 
analysis within families whose mem- not there is a threshold below which bind to cellular proteins, histones, 

and ENA (Miller 1978) and might 
thereby indirectly produce a change 
in dna or in DNA expression. Fortu¬ 
nately, cells also possess a mechanism 


to repair DNA damage. 


Table 1. Percentages of incidence and of death for cancers originating at various sites 
as estimated for 1981 

_ Males __ Females 

Site ol cancer % incidence % deaths % incidence ' % deaths 


breast 

lung 

colon and rectum 
prostate 

leukemia and lymphoma 

ovary 

pancreas 

uterus 3 

stomach 

bladder 

brain and nervous system 

liver 

mouth 

esophagus 

kidney 

skin (melanoma only) b 
either 


source: American Cancer Society 1980 

• C l C S 0ma SitU is usually omitted ,rom cancer statistics, as here, since the potential cure i 


is 100%, 

b Cancers of the skin other than 
rate of cure, 


melanoma are not included here because of. the extremely high 
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Genetic differences in susceptibility 
to chemical carcinogens are probably 
based on biochemical differences 
between different individuals. Most 
chemical carcinogens are only weakly 
active or even inactive unless me¬ 
tabolized within the body to their 
active form, which is called the 
“ultimate carcinogen” (Miller 1978). 
Thus, the possession of a low level of 
activating enzymes is perhaps most 
important for a low susceptibility. 

Unfortunately, we have so far been 
unsuccessful in predicting the degree 
of human susceptibility to a given 
carcinogen by measuring of the level 
of activating enzymes. The biggest 
problems are the complexities of the 
enzyme systems involved, the fact 
that the same systems also inactivate 
the carcinogens, and the inducibility 
of certain enzymes-that is, the fact 
that they increase when the body is 
exposed to their substrate (Gelboin 
1977). In the future, however, it 
should be possible to predict suscep¬ 
tibility to certain carcinogens. ’ 


The effectiveness of a given chemical 
carcinogen in producing tumors is 
determined by many different fac¬ 
tors: details of dose (amount, distri¬ 
bution over time, and route of ad¬ 
ministration); transport within the 
body (site of first contact, solubility, 
conjugation, bioadsorption to serum 
albumin, concentration in certain 
organs); and the integrity of the sur¬ 
veillance system that guards the 
organ which is the prime target of the 
carcinogen in question (Reif 1978). 

In determining carcinogenicity, two 
methods are used. In the first, the 
suspected carcinogen is applied to 
groups of experimental animals at 
different dose levels, while an un¬ 
treated group serves as a control. 
Because the latency period between 
the start of carcinogen application 
and initiation of tumors can be very 
long, the animals are usually observed 
to the end of their life-spans (two to 
three years for mice); the incidence of 
tumors in experimental and control 
groups is then compared. Such testing 
fails at low doses of carcinogens, both 
because the latency period usually 
increases and because a very large 
number of animals would be required 
to produce significant results. How¬ 
ever, despite its slowness, this method 
remains of critical importance at 
higher dose levels. 

A second method, of the type devel¬ 
oped by Ames (1979), uses in vitro 
mutagenesis of bacteria as a substi¬ 
tute for the measurement of carcino¬ 
genicity. Such tests depend on a high 
degree of correlation between muta¬ 
genicity and carcinogenicity. It has 
been claimed that 90% of the carcin¬ 
ogens detected in Ames-type tests are 
mutagens and that 90% of mutagens 
are carcinogens; but detractors argue 
that these figures arise from a re¬ 
striction of the testing to classes of 
carcinogens that give positive results. 
Such tests may,underestimate carci¬ 
nogenicity, since it is not possible to 
activate all carcinogens in vitro by 
adding a source of enzymes such as 
rat liver tissue. 

Some substances are not primary 
carcinogens, but promote the activity 
of carcinogens; phorbol esters are 
typical of such co-carcinogens 
(Weinstein 1978). Other types of 
substances, such as hormones, can aid 
clones of neoplastic cells to develop 
into tumors when they might other¬ 
wise have lain dormant or been de- 
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Figure 1. Susceptibility to death from lung 
cancer for male smokers (black line) and non- 
smokers (gray line) is shown. Each dot repre¬ 
sents a ten-year age group. The curves give the 
age at which death from lung cancer would 
occur in the absence of all competing causes of 
death, and include the effects of both genetic 
susceptibility and all pulmonary environ¬ 
mental carcinogens to which the population has 
been exposed. Cigarette smoking dramatically 
advances the time of death ordained by ge¬ 
netics and environmental carcinogens. (After 
Reif 1981.) 


stroyed. The chance for elimination 
of clones of tumor cells is much better 
when their rate of growth and their 
numbers are sufficiently low that the 
host’s surveillance cells can outgrow 
them., 

It has been said that we live in a sea of 
carcinogens. There is some truth to 
this claim, in the sense that many 
different environmental agents, both 
natural and man-made, possess car¬ 
cinogenic activity. For practical pur¬ 
poses, however, most of these agents 
are relatively inconsequential, and we 
should therefore be aware of the truly 
potent and highly relevant carcino¬ 
gens in our environment. Among 
these, tobacco smoking is by far the 
most effective in terms of the number 
of people affected. The scientific link 
between tobacco smoking and cancer 


is now as firmly established as any 
link between cause and effect in a 
human disease is likely to be. 

A burning cigarette releases more 
than 6,800 different chemicals, some 
gaseous, some attached to the tiny 
smoke particles. The imaged gas 
phase of cigarette smoke contains 
several different classes of carcino¬ 
gens, of which dimethylnitrosamine 
(13 ng), hydrazine (32 ng), and vinyl 
chloride (12 ng) are representative. 
Several other classes of carcinogens 
are attached to the unaged smoke 
particles, the most prominent being 
benzopyrene (20 ng), polonium-210 
(0.03-1.3 pCi), arsenic (1,000-25,000 
ng), and the bladder carcinogen 
beta-naphthylamine (20 ng) (Wynder 
and Hoffman 1979). 

The excess deaths in our population 
due to smoking are shown in Table 2. 
In the case of men, 80% of the deaths 
from cancers of the seven organs cited 
are caused by smoking. For women, 
74% of all lung cancers are due to 
smoking, and the rate is rising 
alarmingly. Smoking is responsible 
for more than one fourth of all our 
cancer deaths—for over 41% of all 
male and for 14% of all female cancers 
(Table 2). 

If smoking increases the risk of lung 
cancer, then quitting should decrease 
the risk. This, indeed, happens dra¬ 
matically (Fig. 2). The American 
Cancer Society estimates that 33 
million people in our population have 
stopped smoking within the last 
twenty years. For those who continue, 
to smoke, long-term use of low-tar 
cigarettes reduces the risk of lung 
cancer, although the level of risk re¬ 
mains far higher than for nonsmokers 
(Richmond 1981). 

The effects of tobacco smoking must 
be considered against the background 
of general air pollution, In Britain, 
where air pollution used to be ex¬ 
tremely heavy, Stocks (1960) reported 
that the incidence of lung cancer was 
twice as high among nonsmokers who 
lived in urban rather than in rural 
areas. In cities in the United States, 
where air pollution is far less of a 
problem, there is only a small increase 
in deaths from lung cancer for urban 
as opposed to rural nonsmokers. In 
the case of smokers, however, the ■ 
differential is much larger (Richmond 
1979). These excess cases of lung 
cancer in city dwellers who smoke 
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may be due to synergism between the ® 
carcinogens in tobacco smoke and | b 
those in the atmosphere. In this con- g J 
nection, air pollution at the work site l g 
may be a potent factor, g 8 


Indoor air pollution is potentially 
more harmful than outdoor air pol¬ 
lution, as far as all toxic constitu¬ 
ents—rather than only carcino¬ 
gens—are concerned (Repace and 
Lowrey 1980). In a room where there 
is a smoker, tobacco smoke is usually 
the major pollutant. There is now 
evidence that wives who are non- 
smokers have three times the normal 
risk of lung cancer if their husbands 
smoke (Trichopoulos et al. 1981). 


Water pollution is also a concern. 
Chlorine is widely used to kill bacteria 
in drinking water, a function vital for 
public health. However, chlorine in¬ 
teracts with organic compounds and 
bromine present in the water to form 
trace amounts of halomethanes. The 
evidence linking chlorinated organic 
contaminants in drinking water with 
rectal, bladder, and colon cancer is 
becoming persuasive (Maugh 1981). 
It has also been claimed that fluo¬ 
ridation of drinking water can induce 
cancer (Baldbott 1978), but the evi¬ 
dence for this is weak. 

Chemical dumps have been blamed 
for an apparent increase in sickness 
and cancer in several towns and 
neighborhoods, particularly the 
highly publicized Love Canal. Con¬ 
gress has recognized this threat to the 
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Figure 2, When smoking is stopped, the eleva¬ 
tion of lung cancer fatality rates for smokers 
above those for nonsmokers is sharply reduced. 
Although the rate for smokers never returns to 
normal, a substantial improvement is already 
evident after five years. The curve is averaged 
from four different clinical studies of former 
heavy smokers. (After Reif 1981.) 


water supply by passing the Com¬ 
prehensive Environmental Response, 
Compensation, and Liability Act of 
1980, which makes all sources of 
chemical wastes accountable for dis¬ 
posal and allocates $1.6 billion to 
clean up abandoned dumps contain¬ 
ing hazardous materials, However, 
clusters of leukemia cases near 
chemical dumps have proved when 
scientifically investigated to be ex¬ 
plained by random statistical varia¬ 
tion, Nevertheless, claims of unex¬ 
pectedly high incidence of any type of 
cancer deserve close study, since 
clustering, if valid, serves as a vital aid 
in identifying environmental carcin¬ 
ogens. 


Table 2. Total cancer deaths expected In the United States in 1981 for sites associated 
with smoking and projected percentage of these deaths attributed to smoking 


■s Females 

% attributed Estimated % attributed 

to smoking* deaths to smoking 


Diet and cancer 

Alcohol is a good example of the many 
dietary substances that can promote 
the development of cancer (Miller et 
al. 1980). For smokers who also drink, 
alcohol greatly amplifies the risk of 
cancer at the sites where both smoke 
and alcohol impinge: the mouth, the 
larynx, and the esophagus. However, 
even for nonsmokers, the risk of can¬ 
cer at these sites is two to three times 
greater for moderately heavy drinkers 
than for those who do not drink 
(Whelan 1978). Thus, alcohol may act 
both as a co-carcinogen and as a pri¬ 
mary carcinogen. 

The organ that concentrates and 
detoxifies alcohol is the liver. As a 
result, about 15% of all heavy drinkers 
develop alcoholic cirrhosis of the liver. 
Most cases of primary liver cancer in 
our country begin in livers that are 
cirrhotic because of heavy consump¬ 
tion of alcohol. Some cases not con¬ 
nected with drinking may have a viral 
cause, as discussed below. 

Liver cancer can also be caused by 
fungi, some of which produce carcin¬ 
ogens of extraordinary potency. A 
prominent example is aflatoxin, 
which is produced by the fungus As¬ 
pergillus flams and commonly con¬ 
taminates carbohydrate foods such as 
groundnuts and rice stored in hot and 
humid climates. Although in the 
United States the aflatoxin content of 
peanuts is carefully regulated, such 
controls are generally lacking in those 
parts of Southeast Asia and Africa 
where diet and climate meet these 
criteria, and the incidence of liver 
cancer is very high. However, in these 
regions patients with liver cancer are 
more likely to be infected with hepa¬ 
titis B virus than the general popu¬ 
lation; it seems possible that this virus 
and aflatoxin could be acting syner- 
gistically to produce liver cancer (Doll 
1979). At least six other fungal car¬ 
cinogens Rave been discovered, at;d it 
seems likely that more will he 
found. 


sources; Reif 1979; American Cancer Society 1980 

a For males, the figures include fatalities attributed to smoking cigars and pipes, as well as ciga- 
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Unfortunately, there are many nat¬ 
ural carcinogens in foods, and car¬ 
cinogens can also be formed during 
the storing or cooking of food. There 
is hydrazine in mushrooms, polycyclic 
hydrocarbons in smoked or char- 
coal-broiled meats and in burned 
toast, mutagens formed during the 
normal cooking of meats, and a host 
of substances—'including coffee and 


various herb teas (Miller et al. 
1980)-—that produce mutagenic ac¬ 
tivity in Ames-type tests. 

In addition, precursors of carcino¬ 
gens, such as sodium nitrite, occur in 
nature. Sodium nitrite is present in 
some common vegetables and is also 
used to preserve foods that cannot be 
heated sufficiently to destroy botul¬ 
ism spores without destroying flavor, 
and to enhance the color of meat. In 
1978, the Federal Food and Drug 
Administration (FDA) warned the 
public that nitrites posed a risk of 
cancer to human beings, on the basis 
of a study which reported that rats 
fed high doses of sodium nitrite 
throughout their lives had a signifi¬ 
cantly higher incidence of lymphomas 
(10%) than did unexposed control rats 
(5%). Intensive review of the data 
(Smith 1980) established that this 
difference in the incidence of lym¬ 
phomas was not significant, and the 
FDA reversed its stand two years 
later. 

Meanwhile, the details of the inter¬ 
action between nitrites and nitrates 
within the human body had become 
clearer. In the gastrointestinal tract, 
nitrite can interact with amines 
formed from the breakdown of pro¬ 
teins to produce nitrosamines, a class 
of chemicals that is highly Carcino¬ 
genic when tested in experimental 
animals. Some vegetables, for in¬ 
stance spinach and tomatoes, contain 
considerable amounts of nitrate and 
lesser amounts of nitrite. Only 10 to 
20% of our intake of nitrate or nitrite 
comes from cured meats. The rest 
either comes from other foods or is 
formed in the intestine by the action 
of microorganisms on ammonia and 
other forms of reduced nitrogen 
{Tannenbaum 1980). Nitrate is ab¬ 
sorbed from the intestine and carried 
by the bloodstream to the mouth, 
where relatively large amounts are 
excreted in saliva; bacteria in the 
mouth then convert this nitrate to 
nitrite. Tannenbaum estimates that 
ten times more nitrite enters the 
stomach from saliva than from cured 
meats, and probably thousands of 
times more nitrite is formed in the 
intestine than is contributed by diet. 
However, recent findings at the Uni¬ 
versity of Toronto suggest that the 
amount of nitrate formed in the in¬ 
testine may be far smaller than this. 

In any case, our concern with nitrite 
remains. To form nitrosamines, a pH 


of about three is required; a higher or 
a lower pH destroys these carcinogens 
(Weisburger et al. 1977). In 1980 the 
same group reported that rats fed 
mackerel stored in vinegar (pH close 
to three) with nitrite added as a pre¬ 
servative develop a high incidence of 
stomach cancer—a finding that could 
explain, at least in part, why the rate 
of stomach cancer is comparatively 
high in Japan, where pickled fish is a 
common food. 

If nitrite has been used as a preser¬ 
vative in meat, traces of nitrosamines 
are produced during cooking. The 
amount of nitrosamines in a three- 
ounce portion of nitrite-preserved 
bacon is roughly the same as that 
absorbed in smoking a pack of ciga¬ 
rettes. Moreover, it is now established 
that grilling or frying either meat or 
fish can also produce minute amounts 
of the class of carcinogens typified by 
benzopyrene, as well as products that 
have a mutagenic activity ten thou¬ 
sand times larger than can be ac¬ 
counted for by the presence of ben¬ 
zopyrene (Doll 1979). These muta¬ 
gens are formed even if no nitrite has 
been added. 

An association between heavy con¬ 
sumption of beer and a high incidence 
of stomach cancer, long noted in 
Western nations, has also been linked 
to nitrosamines. In 1979, appreciable 
amounts of nitrosamines were found 
to be present in 70% of the 150 types 
of German beers tested, as well as in 
some American beers. It was quickly 
discovered that nitrosamines can 
form during the drying of green bar¬ 
ley used in making beer, and that the 
addition of sulphur blocks the for¬ 
mation of these carcinogens. This 
slight modification in the brewing 
process enabled the FDA to announce 
in 1980 that levels of nitrosamines in 
imported and domestic beers had 

been significantly reduced. 

In 1977 the FDA proposed a ban on 
the use of saccharin as an artificial 
sweetener in food and beverages, 
based on experiments in which rats 
fed diets containing very high levels 
(5 and 7.5%) of sodium saccharin de¬ 
veloped bladder tumors. This pro¬ 
posal raised such a furor that the ban 
was never put into effect. The exper¬ 
iments were later criticized because 
sodium saccharin is more soluble than 
saccharin itself. Further, three dif¬ 
ferent attempts to link the use of 
saccharin with bladder cancer in 


human beings gaye ‘largely negative 
results. In 1980, a panel of the Na¬ 
tional Academy of Sciences conclud¬ 
ed that saccharin does pose a risk of 
cancer to human beings, although the 
risk is low. They recommended that 
saccharin should not be banned and 
that the food safety law should be 
amended to reflect a relative risk as¬ 
sessment (Martin 1980), 

Processed foods contain more than 
2,500 different additives, These serve 
as preservatives, antioxidants, 
emulsifiers, stabilizers, thickeners, 
buffers, flavor or color enhancers, and 
,even as nutrient supplements. Since 
1972, a committee of the Federation 
of American Societies for Experi¬ 
mental Biology (FASEB) has reviewed 
some of the four hundred substances 
classified as “generally recognized as 
safe” (GRAS). As a result, a number of 
these substances, including butylated 
hydroxytoluene (BHT) and butylated 
hydroxyanisole (BHA), two widely 
used preservatives, have been placed 
on an interim regulated list for fur¬ 
ther evaluation. 

Anticarcinogens are substances that 
either directly oppose the effect of 
carcinogens or prevent their activa¬ 
tion, Some anticarcinogens may be 
present naturally in food, while others 
are chemical additives. Their ability 
to inhibit the action of particular 
carcinogens has been established 
through work with experimental an¬ 
imals and : in Ames-type assays of 
mutagenicity. 

Certain vitamins, antioxidants, and 
metals are included among anticar¬ 
cinogens (Apffel 1976; Wattenburg 
1978). Vitamin A and some of its 
synthetic analogs can prevent the 
induction of bladder and breast tu¬ 
mors in experimental animals by 
chemical carcinogens (Sporn and 
Newton 1979). Vitamin C is a pow¬ 
erful inhibitor of nitrosamine for¬ 
mation within the body, and it is 
claimed that many factors involved in 
resistance to cancer depend signifi¬ 
cantly on its availability (Cameron et , 
al. 1979). In addition, vitamins E and I 
B are protective (Reddy et al. 1980), J 
and chlorophyll has been found to 
inhibit mutagenesis in Ames-typw 
assays (Lai 1979). The antioxidants|jj 
BHT and BHA, despite their presence^ 
on the interim regulated list, exhi®|| 
potent anticarcinogenic activifa 
(Wattenburg 1978). Some thiols*,| 
phenols, amines, and quinolines are|j 
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also anticarcinogenic, although they 
may not possess toxicities as low as 
those of BHT and bha. Finally, salts 
of selenium and zinc are anticarci¬ 
nogenic. 

How do anticarcinogens act? The 
enzymatic activation of carcinogens 
to their ultimate form usually in¬ 
volves an oxidation (Wattenberg 
1978). Since most anticarcinogens are 
antioxidants, they inhibit this acti¬ 
vation. They also destroy free radicals 
such as superoxides (O 2 ") and the 
OH" radical, which according to 
Handler (1979) can induce carcino¬ 
genic mutations in dna. 

Surprisingly, the largest gains in 
protection against cancer, rivaling 
those reaped by the nonsmoker, 
promise to come from diet. The 
present picture represents a compli¬ 
cated jigsaw puzzle from which many 
pieces are still missing. However, a 
number of exciting clues have 
emerged. An indication that envi¬ 
ronment, and specifically diet, rather 
than genetics can have a powerful 
effect on the development of cancer 
comes from the study of migrants. 
The incidence of cancers of the large 
intestine (colon and rectum) and of 
the female breast is about five times 
higher in Americans than in Japa¬ 
nese. However, in purebred Japanese 
grandchildren of Japanese immi¬ 
grants to the United States the inci¬ 
dence of these two types of tumors 
has increased four or five times, ap¬ 
proaching that in the general Ameri¬ 
can population, 

An explanation for these ’large 
changes in cancer incidence was first 
given by Burkitt (1975) and others, 
who drew attention to the fact that 
populations With a low incidence of 
colorectal cancer eat a great deal of 
dietary fiber. However, several ex¬ 
ceptions to this rule were found. A 
more convincing epidemiological 
correlation was that between colo¬ 
rectal cancers and a high intake of 
dietary fat (Weisburger et. al. 1977). 
Even this correlation breaks down for 
certain nationalities such as the 
Finns, who eat a diet high in fat yet 
have a low incidence of colorectal 
cancer. However, Finns eat three 
times as much dietary fiber as do 
Americans, Most recently, Graham 
and his co-workers (1979) have found 
that the induction of colorectal cancer 
in experimental animals is inhibited 
by cruciferous vegetables—cabbage, 
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broccoli, brussels sprouts, cauliflower, 
and turnips—and that cancer pa¬ 
tients have histories of eating rela¬ 
tively small amounts of these vege¬ 
tables, As a result of this and other 
studies, Reddy and his colleagues 
(1980) have recommended a reduc¬ 
tion of fat calories in our diet from 40 
to 20%, an increase in dietary bulk 
derived from bran in cereals and fi¬ 
bers in vegetables and fruits, and 
adequate amounts of vitamins A and 
C, trace minerals such as selenium 
and zinc, and, less importantly, vita¬ 
mins E and B. 

What is the mechanism by which di¬ 
etary fat increases the incidence of 
certain types of cancer? A favorite 
current hypothesis is that dietary 
cholesterol can function as a tumor 
promotor. The dietary intake of cho¬ 
lesterol is closely tied to the total fat 
intake. Cholesterol is a vital normal 
constituent; the human liver synthe¬ 
sizes about a gram of it each day, an 
amount roughly equal to that in one 
egg. Cholesterol is the only abundant 
steroid-like compound in higher ani¬ 
mals, and from it the body synthe¬ 
sizes a variety of related steroids 
(Fieser and Fieser 1959) including the 
male sex hormone testosterone and 
female sex hormones such as estro¬ 
gens. These hormones can act as 
powerful promoters of tumor devel¬ 
opment in sex organs whose normal 
growth is dependent upon that par¬ 
ticular hormone. These consider¬ 
ations could explain why a high in¬ 
take of dietary fat is correlated with 
a high incidence of cancer of the male 
prostrate gland and of the female 
breast. However, the present evidence 
for a link between high fat intake and 
a high level of hormones targeted on 
the prostate or the female breast 
(Reddy et al. 1980) is disappointing. 

In the case of colorectal cancer, a diet 
high in cholesterol causes a high level 
of excretion of bile acids—which are 
derived from cholesterol—from the 
gall bladder into the intestine. Bac¬ 
teria that colonize the intestine de¬ 
grade bile acids into compounds 
which are structurally related to 
known carcinogens. The intestinal 
bacteria of populations with a high 
incidence of colorectal cancer tend to 
have a different composition and to 
be more active in degrading bile than 
those of populations with a low inci¬ 
dence. In experimental animals, co¬ 
lorectal carcinogenesis can be pre¬ 
vented if intestinal bacteria are ab¬ 


sent (Burkitt 1975); by contrast, diets 
high in cholesterol result in increased 
colorectal tumors. This result is also 
obtained by adding unsaturated fats 
to the diet, thereby causing increased 
secretion of cholesterol from serum 
into the intestine (Broilman et al. 
1977). In human beings, the presence 
of low cholesterol levels in serum has 
been correlated with an inermsed 
risk of colorectal cancer. Although 
this correlation is weak, it may he due 
to metabolic differences in high-risk 
individuals, which cause unrefined 
excretion of cholesterol into the in¬ 
testine. With regard to the protective 
action of high-bulk diets against co¬ 
lorectal cancer, this epidemiological 
correlation has been substantiated in 
work with experimental animals. A 
diet high in bulk promotes more fre¬ 
quent bowel movements, reducing the 
time of contact between any carcin¬ 
ogens present in the bowel contents 
and the inside wall of the bowel, 
where cancers begin. Also, when these* 
contents have a large bulk, the rela¬ 
tive concentrations of such carcino¬ 
gens are reduced. 

Industry and cancer 

The industrial worker is often first to 
contract cancer from a carcinogen, 
because he is likely to he exposed to a 
higher concentration than the general 
public. It was in chimney sweeps, who 
are exposed to high concentrations of 
soot, which contains traces of benzo¬ 
pyrene, that Sir Pereival Pott first 
noticed an unusually high frequency 
of skin cancer. In the two hundred 
years since then, a great, variety of 
new carcinogens have entered the 
industrial environment. The annual 
production of synthetic organic 
chemicals has doubled approximately 
every eight years since 19411. At 
present, '44,000 chemicals are listed in 
the Environmental Protection 
Agency’s inventory of commercially 
used substances. Of 7,000 chemicals 
tested, 1,500 have been found to be 
carcinogenic. Of course, human ex¬ 
posure to a chemical is not propor¬ 
tional to its production or use. Still, 
because of the very long latency pe¬ 
riods involved and the cumulative- - 
and often synergistic --effects of dif¬ 
ferent carcinogens, concern is war¬ 
ranted (Davis and Magee 1979). 

Even 40 years ago, workers who spun 
asbestos doth frequently died of lung 
disease between the ages of 40 and 50. 
This should have alerted us to the 


dangers of asbestos. When the long 
(20-50ju), thin asbestos fibers are in¬ 
haled, they tend to accumulate in the 
lung, because the scavenger cells are 
apparently ill equipped to swallow 
them. One explanation of their effect 
is that they cause prolonged irrita¬ 
tion, increasing the susceptibility of 
the lung to inhaled carcinogens. 

Asbestos causes five different types of 
disease, which may take as few as five 
or as many as fifty years to develop: 
asbestosis, a disease that scars and 
obstructs the lung; lung cancer, which 
develops in 40% of people with as¬ 
bestosis; mesothelioma, an unusual 
lung tumor with a high mortality rate; 
cancer of other sites to which asbestos 
fibers are carried, such as the buccal 
cavity, larynx, pharynx, and esopha¬ 
gus; and noninfectious lung diseases, 
which include emphysema. Ap¬ 
proximately 5% of long-term asbestos 
workers may eventually die of asbes¬ 
tosis, 15% of lung cancer, and an ad¬ 
ditional 2% of mesothelioma. Only 
workers who smoke cigarettes incur 
an extremely heavy risk of developing 
lung cancer; their risk is ten times 
higher than that of nonsmokers. 
Thus, they are subject to the same 
risk ratio as smokers and nonsmokers 
in the general population (Selikoff 
and Hammond 1979). 

As early as 1935, metal workers in¬ 
volved in the refining of chromium 
and nickel were found to have an in¬ 
creased incidence of lung cancer. 
Since then, many other metals have 
been indicted, although in some in¬ 
stances the real carcinogen may be 
not the metal but arsenic released 
during the smelting process. In the 
rubber industry, N-nitrosamineshave 
been implicated in a high incidence of 
several types of cancer; and chloro- 
prene, which is used in manufacturing 
polychloroprene rubber and is closely 
related to vinyl chloride, is also under 
suspicion. In the plastics industry, 
vinyl chloride has been identified as 
the cause of liver cancers. Polychlor¬ 
inated biphenyls (PCBs), which are 
used in industry as electrical insula¬ 
tors and for many other purposes, 
have been found to be carcinogenic in 
animals. The same is true of some 
organochlorine pesticides such as 
DDT; this may account for part of the 
excess cancer hazard associated with 
farming. In addition, occupational 
exposure to benzene or ethylene oxide 
has been linked to leukemia (Hiatt et 
al 1977). 


The story of the causation of bladder 
cancer by aromatic amines illustrates 
some of the complexities associated 
with industrial carcinogens. Chemical 
workers exposed to compounds such 
as 2-aminophthalene, nitronaphtha- 
lene, and the dye magenta develop a 
high incidence of bladder cancer. 
However, the amino acid tryptophan, 
an essential nutrient, is changed 
within the body to metabolic prod¬ 
ucts, excreted in the urine, that re¬ 
semble excretory substances pro¬ 
duced by exposure to industrial 
amine carcinogens; these metabolic 
products are carcinogenic when im¬ 
planted in the bladders of mice in 
pellet form. Although tryptophan 
metabolites are excreted in the urine 
of all normal people, patients with 
bladder cancer excrete amounts 50% 
greater. It seems that everyone is ex¬ 
posed to a low concentration of car¬ 
cinogens derived from, an essential 
nutrient, but that those who develop 
bladder cancer have increased expo¬ 
sure to these carcinogens, or—in the 
case of amine workers—to similar or 
more potent carcinogens. 

The picture is complicated by the fact 
that there are many other carcinogens 
whose target is the bladder. The most 
important is smoking: heavy smokers 
have a threefold higher risk of bladder 
cancer than do nonsmokers. Dietary 
substances either suspected of caus¬ 
ing bladder cancer or proved to cause 
it include saccharin, cyclamates, ni¬ 
trites, certain food colorings and ar¬ 
tificial flavors, some spices, young 
shoots of bracken fern, coffee, certain 
C-type viruses, the anticancer drug 
cytoxan, the analgesic phenacetin, the 
antibiotic nitrofuran, and the drug 
chlornaphazine, which is used in Eu¬ 
rope. Still unexplained is the reason 
why the incidence of bladder cancer 
is two or three times higher in urban 
areas than in rural areas. It is re¬ 
motely possible that the halomethane 
content found in urban water 
supplies, derived from chlorination 
and fluoridation, is responsible, since 
many more of the homes in rural 
areas obtain their water from artesian 
wells. 

Radiation and cancer 

Both electromagnetic and nuclear 
radiation can cause mutations and 
cancer in a dose-related manner. 
Electromagnetic radiation includes 
ultraviolet (uv) radiation, x-rays, and 
gamma rays emitted from atomic 


nuclei. Nuclear radiation consists of 
charged particles such as alpha par¬ 
ticles, beta particles, and protons, as 
well as uncharged particles such as 
neutrons. When sufficiently energetic 
electromagnetic rays or charged par¬ 
ticles collide with atoms, they can 
ionize them to ions or free radicals. 
During the ionization of atoms by 
electromagnetic rays, orbital elec¬ 
trons are ejected; if these secondary 
electrons have enough energy, they 
are then capable of ionizing addi¬ 
tional atoms. 

According to Handler (1979), radia¬ 
tion converts normal cells to tumor 
cells by acting on cellular oxygen. One 
electron is removed from O 2 to form 
the free radical 02~. This radical then 
reacts with water to form the hy¬ 
droxyl radical OH", which, may be the 
ultimate agent that attacks DNA and 
thereby causes the carcinogenic con¬ 
version. Alternatively, radiation may 
cause cancer indirectly by permitting 
the expression of the oncogenic po¬ 
tential of a passenger virus, This can 
be accomplished if the damage caused 
by radiation is severe enough to dis¬ 
rupt the normal cellular defenses of 
the target organ, but requires rela¬ 
tively high doses of radiation (Reif 
1978). 

Tumors induced at low or medium 
levels of radiation have very low im- 
munogenicities, while those induced 
at high levels are occasionally immu¬ 
nogenic—that is, they stimulate a 
measurable immune reaction within 
the animal that bears them. Some of 
these immunogenic tumors are 
caused by oncogenic viruses, since a 
cell-free filtrate of such a tumor will 
produce a like tumor when inoculated 
into a newborn animal of the same 
strain (Kaplan 1974). Thus, experi¬ 
mental data support the possibility 
that radiation causes cancer at any 
dose by direct attack on cellular DNA 
via free radicals, while at high doses 
it may sometimes involve the action 
of oncogenic viruses. 

Radiation comes to us from three 
main sources in our environment 
(Johnson 1978). The first source is 
natural background radiation, which < 
derives in approximately equal pro¬ 
portions from cosmic radiation, nat*' 
urally radioactive isotopes in rocks; 
and naturally produced radioisotopes 
in water. The physical dose received-j 
each year is 0.100 rad, which is 
equivalent to a biologically effective 

1981 July-August 44|| 













dose of 0.120 rem. The second source 
is medical irradiation; for all U.S. 
citizens, this averages 0.073 rem per 
year. The third source is nonmedical 
man-made radiation. Most of this 
comes from above-ground nuclear 
weapons testing, but we also receive 
minute exposures from television re¬ 
ceivers, airport inspection systems, 
and radioluminous watch faces; the 
total dose is about 0.007 rem per year. 
The total dose we receive from all 
environmental sources averages 
about 0.200 rem per year. During a 
lifetime of 70 years, the cumulative 
dose we receive is a substantial 14 
rem. 

Dose-response relationships, which 
relate a given dose of radiation to a 
corresponding amount of biological 
damage, are the focus of long-stand¬ 
ing controversy. While the effects of 
large doses of radiation are reason¬ 
ably well understood, far less is 
known about the effects of low doses. 
For instance, a person who stood at 
the north gate of the Three Mile 
Island nuclear plant for twenty-four 
hours a day for three weeks following 
the accident there would have re¬ 
ceived at most 0.090 rem of radiation 
(Marshall 1979). Just how serious is 
this exposure? 

Unfortunately, we have been unable 
to determine directly the effects of 
irradiation at low-dose levels, A low 
dose of radiation causes such a slight 
increase in cancer incidence above 
that in unirradiated controls that it 
has been impossible to obtain signif¬ 
icant results either for human beings 
or in experimental animals. Thus, we 
are forced to use data obtained at in¬ 
termediate or high-dose levels and to 
attempt to extrapolate the effects 
observed to low-dose levels (Land 
1980). 

During the early 1970s a consensus 
seemed to be emerging that the ef¬ 
fects of high dose should be extrapo¬ 
lated proportionally as a straight line 
to zero dose. The 1972 report on the 
Biological Effects of Ionizing Radia¬ 
tion (beir i), produced by a com¬ 
mittee of the National Academy of 
Sciences, typifies this view. By con¬ 
trast, the third report of this com¬ 
mittee (BEIR m), released in 1980, 
favors a linear-quadratic model. Such 
a model predicts considerably fewer 
cancer deaths at low-dose rates than 
are foreseen by straight-line extrap¬ 


olation. While the linear-quadratic 
model may prove truer to life, linear 
extrapolation has several advantages: 
easy visualization and calculation, 
and a built-in margin of error on the 
side of safety, which can offset such 
unknown factors as synergism with 
other low-dose carcinogens and the 
wide range of individual susceptibil¬ 
ities to cancer of a given site in het¬ 
erogeneous human populations as 
contrasted to homogeneous experi¬ 
mental animals. 

The organs most sensitive to radia¬ 
tion carcinogenesis are the lymphoid 
system (from which leukemias and 
lymphomas derive), the thyroid, the 
female breast, and the lung. BEIR III 
estimates that a total dose of 1 rad 
given to one million people would 
produce between 77 and 226 fatalities 
from cancer at these sites, The wide 
range of the estimate indicates the 
degree of uncertainty involved. If we 
average the two numbers, a dose of 1 
rad of external radiation would pro¬ 
duce approximately 150 cancer 
deaths among one million people. 
Since 1 rad equals 1 rem for external 
radiation, the total background ra¬ 
diation of 0.200 rem that we receive 
would produce 30 cancer deaths per 
million people each year. Of course, 
radiation workers are exposed to 
higher doses and suffer greater risk of 
cancer. As in the case of asbestos 
workers, uranium miners who smoke 
have a tenfold higher incidence of 
lung canqer than miners who do not 
smoke (Lundin et al. 1969). 

Sunlight is the most potent natural 
carcinogen in our environment, 
causing 50% as many tumors as arise 
from all other causes of cancer. The 
great majority of these are benign 
skin tumors, and such a high per¬ 
centage are successfully removed that 
skin tumors other than melanomas 
are generally omitted from cancer 
statistics. The prime carcinogen is the 
ultraviolet (UV) portion of sunlight, 
since this is the most energetic and 
therefore penetrates farthest into the 
skin and produces the most ioniza¬ 
tion. Because skin pigment protects 
against UV light, light-skinned, blond 
people are especially susceptible, UV 
exposure is most intense when the 
sun is directly overhead or when ex¬ 
posure occurs at higher altitudes. For 
equal skin reddening, sunlamps cause 
seven times as much DNA damage as 
does the sun. 


Estrogens and cancer 

When rodents are given estrogens for 
long periods of time, cancers of the 
breast, vagina, cervix, and liver may 
develop. These data serve warning of 
the possible effects of administering 
estrogens to women. 

Beginning in the 1940s, the hormone 
diethylstilbesterol (DES) was pre¬ 
scribed for approximately two million 
women to prevent miscarriages and 
premature births. Following a report 
in 1953 that des was relatively inef¬ 
fective, its use declined slowly until 
1971, when an association was re¬ 
ported between maternal exposure to 
DES and the subsequent development 
of cancer of the vagina in daughters. 
Fortunately, the risk of developing 
this tumor has proved to be smaller 
than had been feared (Glebatis and 
Janerich 1981). 

Estrogen replacement therapy of 
postmenopausal women can amelio¬ 
rate several types of degenerative 
changes, some of which can threaten 
life. But since 1975, several studies 
have demonstrated that it creates a 
three- to eightfold higher risk of 
cancer of the endometrium, or uterine 
lining. In the subgroup of women with 
intact uteri who have taken estrogens 
for more than five years, the risk is 
twenty times higher than normal 
(Jick et al. 1979). Following the initial 
reports in 1975, there was a dramatic 
drop in the use of estrogens, which, 
was quickly followed by an equally 
dramatic decrease in the incidence of 
endometrial cancer, Recent data 
suggest that the risk of endometrial 
cancer is reduced if estrogens are used 
in intermittent fashion, and if pro¬ 
gesterone is included. However, there 
is some evidence that the use of es¬ 
trogens also increases the risk of 
breast cancer (Doll 1979), 

Oral contraceptives in which hor¬ 
mones are supplied in sequential 
rather than combined fashion were 
introduced in the expectation that 
they would be tolerated better. Their 
lack of effectiveness in preventing 
pregnancy had fortunately already 
precluded wide use when, in the 
mid-lj)70s, they were linked to en¬ 
dometrial cancer and withdrawn from 
the U.S, and Canadian markets. One 
particular type of oral contraceptive, 
Oracon, figured prominently in re¬ 
ports linking such formulations to 


cancer. Weiss and Sayvetz (1980) 
have recently confirmed that Oracon 
users had a sevenfold increase in the 
risk of endometrial cancer. By con¬ 
trast, they found that women who 
used combined rather than sequential 
oral contraceptives had only half the 
normal risk of endometrial cancer, a 
protective effect which they attrib¬ 
uted to the presence of progesterone 
or its analogs in the combined for¬ 
mulations. This decreased risk, which 
has since been confirmed, in an inde¬ 
pendent study, more than offsets a 
slightly higher risk of contracting 
hepatocellular adenoma, a rare type 
of liver tumor (Rooks et al. 1979). 

Viruses and cancer 

In 1911, Rous discovered that a cell- 
free extract of chicken sarcomas 
would sometimes produce the same 
type of tumor when injected into 
other chickens. It was not until 40 
years later that Gross discovered that 
tumor viruses will produce tumors 
when injected in high doses into 
newborn animals, which have low 


ruses, which are widespread in nature. 
They cause leukemias in many types 
of mammals, and sarcomas and breast 
tumors in mice and primates. Three 
classes of DNA viruses are known to 
cause tumors in animals: papovavi- 
ruses, which cause sarcomas; adeno¬ 
viruses, eight types of which produce 
tumors when injected into newborn 
rodents; and herpes viruses, which 
cause lymphomas in many types of 
mammals. While representatives of 
all these classes of RNA and DNA vi¬ 
ruses have been shown to infect hu¬ 
mans, this does not prove that they 
cause cancer in man (Klein 1980). 

Burkitt’s lymphoma represents a 
fascinating example of the connection 
between viruses and cancer. Burkitt, 
a British missionary surgeon, dis¬ 
covered that a distinctive tumor af¬ 
fects African children who live in 
areas with a mean annual rainfall of 
more than 50 cm and a mean seasonal 
temperature of above 60° F, Since 
these are the requirements for the 
type of mosquito that transmits ma¬ 
laria, the original hypothesis was that 


described as a self-limiting leukemia. 
Recently, EBV has been implicated in 
our country in Hodgkin’s disease, 
which originates in lymphoid cells 
and is more frequent in people who 
have had mononucleosis (Gutensohn 
and Cole 1981). 

It appears, then, that EBV is the pri¬ 
mary cause of Burkitt’s lymphoma in 
the tropics, but not in the United 
States; however, it seems to be the 
cause of nasopharyngeal cancer the 
world over, and perhaps also of 
Hodgkin’s disease. Definitive proof of 
causation, however, has been elusive. 
Since most people are infected with 
EBV at some time during their lives, 
yet Burkitt’s lymphoma and naso¬ 
pharyngeal cancer are common only 
in certain tropical areas, the body 
must have a potent defense against 
tumor cells marked with antigens 
characteristic of EBV. The presence of 
a vigorous immune defense against 
such tumor cells is confirmed by the 
unusually high success rate for che¬ 
motherapy in both Burkitt’s lym¬ 
phoma and Hodgkin’s disease (Reif 


immunological resistance. Although 
this type of experiment has proved 
that many types of animal tumors are 
caused by viruses, it cannot be per¬ 
formed on human beings. As a result, 
definitive proof that any human tu¬ 
mors other than warts are caused by 
.viruses has been difficult to obtain. 
Even though most tumor viruses im¬ 
print characteristic antigens on the 
tumor cells that they generate, the 
presence of such antigens is not de¬ 
cisive proof of causation, since the 
same result can be produced when 
such viruses infect existing tumors. 

In general, animal tumors are not in¬ 
fectious horizontally—that is, with 
rare exceptions such as leukemia in 
cats (Essex et al. 1979), a diseased 
animal will not infect a healthy one. 
Viruses are usually transmitted ver¬ 
tically , from parents to offspring. This 
may occur through viral transmission 
in utero, or, in the case of breast can¬ 
cer in female mice, through being 
suckled by an infected mother. It is 
also possible that the information for 
oncogenic RNA viruses is incorporated 
into the host’s cellular DNA and is 
transmitted genetically; this is the 
essence of Huebner’s oncogene theory 
(Pitot 1981). 

The cat leukemia virus belongs to the 
group of :C-type oncogenic RNA vi¬ 


Burkitt s lymphoma was induced by 
a virus transmitted by mosquitoes 
(Burkitt and Wright 1970). This was 
supported by the later discovery that 
at least 99% of African patients with 
Burkitt’s lymphoma have tumor cells 
marked by the Epstein-Barr virus 
(EBV), a herpes-type organism, By 
contrast, in the United States, where 
Burkitt’s lymphoma is rare, less than 
10% of the patients with this lym¬ 
phoma have cells that bear the EBV 
antigen (Klein 1980). 

The antigen characteristic of EBV is 
also found in tumors of the naso¬ 
pharynx, the ducts that lead from the 
rear of the nostrils into the trachea. 
EBV markers are present on these 
tumors both in areaswhere the latter 
are common, such as parts of North 
and East Africa, Southeast Asia, and 
China, where they constitute from 7 
to 20% of all tumors, and in the 
United States, where they represent 
only 0.2% of all tumors. 

Remarkably, EBV infects perhaps 
80% of the people in the entire world, 
but in most countries the usual result 
of the infection is the development of 
antibodies to the virus, without any 
evidence of sickness. In the United 
States, in a small percentage of peo¬ 
ple, infection with EBV leads to 
mononucleosis, which Dameshek has 


1978). Thus, in areas where tumors 
imputed to EBV are common, addi¬ 
tional circumstances must be present 
to make their emergence possible. In 
the case of Burkitt’s lymphoma, se¬ 
rious injury of the body’s immune 
system by diseases such as malaria or 
schistosomiasis may be the necessary 
precondition. For nasopharyngeal 
carcinoma, the presence of other 
carcinogens that affect the naso¬ 
pharynx, such as nitrosamines formed 
from a diet of salted fish, has been 
implicated (Klein 1980). 

Facts suggesting that infectious 
agents are strongly implicated in 
cervical cancer have been known for 
many years. It is now firmly estab¬ 
lished that women who begin their 
sexual activity at an early age, have 
multiple partners, and experience at 
least one pregnancy have a higher risk 
of cervical cancer (Barber 1981). 
Further, we have recently learned 
that if men whose wives developed 
cervical cancer marry again, their new 
wives have a three- to fourfold higher 
risk of developing this form of cancer. 
How are these facts related to vi¬ 
ruses? . 

At present we are aware of two types 
of herpes simplex virus (HSV) that 
infect people: HSV-l, which causes 
cold sores, eye infections, skin sores, 
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&nd 10% of the genital infections 
caused by HSV; and HSV-2, which 
causes 90% of these genital infections. 
Although more than half our popu¬ 
lation is infected with HSV-i, infection 
with HSV-2 is much less common. 
Transmitted venereally, HSV-2 rep¬ 
resents the major venereal disease 
worldwide for both men and women. 
Until recently it was thought to be 
incurable, but initial success in 
treatment with 2-deoxyglucose has 
now been reported, and trials of other 
drugs are in progress. 

Infection with HSV-2 can produce 
prolonged inflammation of the in¬ 
ternal surfaces of sex organs and of 
their surrounding external surfaces. 
In females, the cervix is often in¬ 
volved, and it is at the site of such 
inflammation that carcinoma in situ 
develops (Thomas and Rawls 1978). 
That HSV -2 is a cause of cervical 
cancer was the consensus of a recent 
conference at Emory University, 
where data were presented showing 
that HSV -2 can cause cervical cancer 
in mice. HSV-2 antigens have been 
found in only 60% of the samples of 
human cervical cancer tested; how¬ 
ever, the present test may not be 
sufficiently sensitive to detect low 
quantities of such antigens. 


or can such agents promote these 
cancers? When Greenwald and his 
co-workers (1979) examined the 
marital history of widowers dying of 
prostate cancer, they found that 
prostate cancer patients were ten 
times more likely to have had wives 
who died of cancer of the uterus and 
twice as likely to have had wives who 
died of cancer of the breast than 
widowers who died of causes other 
than prostate cancer. These data 
suggest that the infectious causes of 
cancer of the uterus (and possibly also 
of cancer of the breast) contribute to 
the incidence of prostate cancer. 

As mentioned earlier, the hepatitis B 
virus (HBV), one of the agents re¬ 
sponsible for infectious hepatitis, 
appears to be associated with primary 
liver cancer. In the Western world, 
primary cancer of the liver is rela¬ 
tively rare, and is principally associ¬ 
ated with heavy use of alcohol. By 
contrast, primary liver cancer is 
common in parts of Africa and 
Southeast Asia, and represents 14% of 
all deaths between the ages of 15 and 
44 in China. 

In the hot and relatively humid por¬ 
tions of Africa where the incidence of 
liver cancer is high, Linsell and Peers 


which can escape the host’s surveil¬ 
lance. However, since it is possible 
that the effects of HBV acting as a 
co-carcinogen may be at least as im¬ 
portant as the effects of primary car¬ 
cinogens, it is good news that the first 
trial of a vaccine against HBV in 
human beings was highly successful 
(Blumberg and London 1981). 

Evidence for prevention 

If the relationships I have described 
here between causative agents and 
the incidence of cancer are real, then 
avoiding these agents should lead to 
a reduction in the incidence of cancer. 
Indeed, there is a dramatic reduction 
in the risk of lung cancer when one 
quits smoking (Fig. 2). While the risk 
never returns to normal, the situation 
is vastly improved. 

Another indication of the efficacy of 
prevention is the reduced incidence of 
cancer in certain sections of our pop¬ 
ulation which abstain from some of 
the habits that are expected to in¬ 
crease the risk of cancer (MacMahon 
1980; Cairns et al. 1980), Such sects as 
the Mormons and the Seventh Day 
Adventists, whose members abstain 
from smoking, drinking, and extra¬ 
marital sex and tend to avoid coffee 


Another explanation for the lack of 
HSV-2 antigens has been advanced 
by Dahlberg (see McCann 1980), who 
relates the changes that lead to cancer 
of the cervix to the presence of ven¬ 
ereally transmitted infections. In 
about half his cases, the current male 
sexual partner had more than one 
strain of bacteria in his semen or 
prostate secretions. This suggests 
that repeated exposure to the male’s 
symptomless urogenital infection can 
lead to cancer of the cervix, 

Like most types of cancer, cancer of 
the cervix has more than one cause 
and many factors that promote it. 
The reason for a lower risk of this 
tumor among women who have never 
been pregnant seems to be that such 
women have underdeveloped cervix¬ 
es; pregnancy provides the hormonal 
stimulation for the full development 
of the cervix. Cervical carcinogens 
may also include nitrosamines pro¬ 
duced by the action of vaginal infec¬ 
tive agents on vaginal secretions and 
on the male ejaculate. 

Can men contract cancers of the 
""""nital tract from venereal agents, 


(1977) have found a close correlation 
between the dietary intake of afla- 
toxin, derived from fungus-contami¬ 
nated groundnuts, and the incidence 
of liver cancer. However, infection 
with HBV is high in this area, and 60% 
of liver cancer patients are infected 
with HBV, compared to only 10% of 
healthy people. But the correlation 
between infection with HBV and de¬ 
velopment of liver cancer breaks 
down, in Greenland, where liver can¬ 
cer is rare despite an HBV infection 
rate of 60%. 

How can we reconcile these appar¬ 
ently contradictory data? It has been 
found that more than one oncogenic 
agent may exist side by side in a single 
lesion of carcinoma, suggesting that 
infection of a tumor by a potentially 
oncogenic virus does not invariably 
mean that this virus is the primary 
cause of the tumor. In the case of liver 
cancer, it seems premature to con¬ 
clude that HBV is a primary carcino¬ 
gen. Rather, viral hepatitis induced 
by HBV may serve to destroy some of 
the normal defense mechanisms of 
the liver, thereby permitting primary 
carcinogens such as chemical or fun¬ 
gal agents to produce cancer cells 


and hot spices, serve as useful 
subjects'of research in this regard For 
Mormons, the death rate for cancer at 
sites related to smoking is less than 
one fourth that for the whole U.S. 
population, and for all other sites 
combined it is only two thirds of the 
expected rate. Similar results have 
been reported for other religious sects 
(MacMahon 1980; Cairns et al. 
1980). 

Our knowledge of the causes of cancer 
is already sufficient to allow us to 
avoid more than half our present risk 
of cancer. With the help of further 
research, we should be able to un¬ 
derstand more fully the important 
role that diet plays in causing or pro¬ 
moting cancer. Further, we will al : 
most certainly discover additional 
carcinogens in our environment and 
learn more about the interrelation¬ 
ship between genetic susceptibility 
and the broad spectrum of causative 
and promoting agents that affect 
particular organs, gradually leading 
to the inception of cancer. If we were 
willing to put our future knowledge 
into practice, 80 to 90% of the present 
incidence of cancer should eventually 
be preventable. 
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The Opinions expressed by reviewers 
are their own arid do not represent 
the views of the editors or of Sigma 
Xi, The Scientific Research Society. 
Reviews have been grouped under 
broad headings, with the reader’s 
convenience in mind. Some books 
could appropriately be included in 
more than one category, and the ed¬ 
itors suggest that the reader consult 
the Review Index, on page 468, for 
interdisciplinary titles. 


The Scientists’ Bookshelf 


The Fishes and the Forest 

Explorations in Amazonian Natural 

History. Michael Goulding. 280 pp. 

University of California Press, 1980. 

$ 20 . 

The smaller fishes of the Amazon 
basin are far better known, by virtue of 
the aquarium tank, than the larger, de¬ 
spite the latter’s importance for food. This 
volume not only contains wonderfully rich 
information on the natural history of the 
larger forms, primarily characins and 
catfish, it also provides significant insight 
into the complex relationship between 
these fishes and the Amazon floodplain 
forests. 

Some of these fishes have been known 
to include fruit in their diet, but the ex¬ 
tent and complexity of the flooded forest 
and fish relationship is revealed here for 
the first time. Of the basin’s 6 million km 2 , 
some 70,000 are occupied by floodplain 
forest inundated by a 7 to 13 m rise in 
river level for eight to ten months every 
year. During that time many of the food 
fishes swim into the forests, where they 
feed on fruits, seeds, and insects that fall 
from the trees, Many of these fishes ap¬ 
parently do not feed on anything else 
during the low water months but draw 
instead on fat reserves, while some others 
switch to foods poorer in nutrients such as 
leaves. Goulding estimates that 75% of the 
commercial fish catch in the Amazon de¬ 
pends on food chains originating in the 
flooded forests. 

The extreme case of the relationship is 
probably the characin known as the 
tambaqui (Colossoma macropomum), 
which has stout molar-like teeth capable 
of crushing very hard nuts. It feeds pref¬ 
erentially on seeds of the noncommercial 
floodplain species of rubber tree ( Hevea 
spruceana ) and fruits of the palm As- 
trocaryum jauary, The fish actually 
congregate around palms dropping fruit 
or rubber trees with seed pods popping 
open in the hot afternoon sun, A rather 
exceptional relationship involves a eu- 
phorb Piranhea trifoliata which at the 
end of the fruiting season is characteris¬ 
tically attacked by moth larvae, enough of 
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which fall into the water to attract a con¬ 
gregation of piranhas and earn it the local 
name of piranheira. Fruit and seed eating 
is the dominant situation and is not re¬ 
stricted to forms with particularly 
adapted dentition; many piranhas hab¬ 
itually include seeds in their diets. 

To what extent such relationships may 
exist in other large tropical forest rivers is 
not clear, Certainly the fish fauna of 
southeast Asia and Zaire is not charac¬ 
terized by stich specialized dentition as 
some of the Amazon fishes, although Oo- 
ios,soma-like teeth are known from Plio¬ 
cene and Miocene deposits in Africa. 
Rosemary Lowe McConnell does note in 
the Foreword; that the fisheries of the 
Grand Lac of the Mekong system declined 
after the surrounding forest was 
cleared. 

Goulding lists 40 plant species in 21 
families that furnish seed or fruit for the 
fishes. Seeds of some species are de¬ 
stroyed, and in an equal number of species 
they are not, No plant avoids, seed de- 



survive passage through fish guts. 
Goulding confirmed this with germination 
experiments. Presumably the fishes do 
aid in dispersal of such species although 
this is difficult to demonstrate or mea¬ 
sure. 

These studies were conducted in the 
nutrient-poor Rio Machado, a tributary 
of the Madeira/and are being supple¬ 
mented currently by work on the nutri¬ 
ent-poor Rio Negro. Presumably a similar 
situation exists in the turbid, silt-laden 
rivers such as the Amazon itself, but it is 
very difficult to study without clear water 
for observation. Much as in the case of 
hippopotamuses in African waters or 
caiman in the Amazon, this relationship 
represents an important nutrient transfer 
from terrestrial to aquatic ecosystems and 
enables the Amazon to support a much 
greater fish population than otherwise 
would be possible. 

The dental adaptations attest to the 
antiquity of the relationship and indicate 
the persistence of flooded gallery forest in 
the Amazon during the cold dry periods 
of the Pleistocene. How long it will survive 
with current deforestation, which has 
tended historically to concentrate on the 
floodplain, is an open question. It is very 
difficult to quantify the actual contribu¬ 
tion of a hectare of floodplain forest to the 
Amazon fishery, itself roughly estimated 
at a standing stock of one million metric 
tons. It is far easier to estimate produc¬ 
tivity per hectare of that land in rice or 
water buffalo, As yet unknown is whether , 
secondary floodplain forest is of equal or ; 
less value in maintaining the Amazon 
fishery as primary forest. 

It does appear that extensive clearing 
of the floodplain could Undercut the 
Amazon fishery in a major fashion and 
destroy the elaborate ecological link be¬ 
tween the forest and the fishes. This has 
large social significance: protein defi-. 
ciency is not now a major problem in the 
Amazon because of the availability of fish 
for food. Goulding’s book makes a major 
contribution in alerting us to these ex- 
. traordinary ecological relationships and 
in warning us not to miss seeing the fishes 
^Thomas Lovejoy, World 
'^Washington, DC 


Historical Curiosities of 
Science 

Album of Science: From Leonardo to 
Lavoisier 1450-1800. I. Bernard 
Cohen. 298 pp. 'Charles Scribner’s 
Sons, 1980. $37.50. 

Antique Scientific Instruments. 
Gerard L’E, Turner. 168 pp. Sterling, 
1980. $12.95 cloth, $6.95 paper. 
English Almanacs 1500-1800: As¬ 
trology and the Popular Press. Ber¬ 
nard Capp. 452 pp. Cornell University 
Press, 1979. $38.50, 

The Clockwork Universe: German 
Clocks and Automata 1550-1650. 
Klaus Maurice and Otto Mayr, eds. 
321 pp.'Neale Watson, 1980. $55. 
Although these four books examine 
different materials, they share a signifi¬ 
cant common approach in analyzing large 
collectivities that have been neglected by 
historians of science and left to anti¬ 
quarians and enthusiasts, Each of the 
subjects receives professional treatment, 
as well as handsome presentation: early 
scientists’ instruments, books such as al¬ 
manacs that made no novel “contribu¬ 
tions” to knowledge, clocks and automata, 
and the public representations of scien¬ 
tists and their work, The present studies 
of such groups, by not focusing unduly on 
unique individuals, reveal trends and 
patterns that remain invisible to those 
who observe only great men and major 
theoretical advances. As a result, our un¬ 
derstanding of the social dimension, the 
living context, of the Scientific Revolu¬ 
tion becomes not only more comprehen¬ 
sive and detailed but also more human. 

Unlike' many popular paperback 
guides',' Antique Scientific Instruments 
is controlled by the sure hand and trained 
eye of a leading expert. In this useful 
survey, Turner describes 130 different 
kinds of instruments, ranging from me¬ 
dieval sundials to 19th-century electro¬ 
static medical devices. He writes with the 
experience of a curator sensitive to the 
needs "of the curious and the amateur, For 
each instrument, he sets out briefly and 
accurately its appearance, manner of use, 
ancl historical significance. Sixty-nine 
color photos complement the lucid expo¬ 
sition, which, though directed at owners 
and potential collectors, will conveniently 
introduce the subject to scientists, school 
administrators who wonder about the 
junk' in science departments’ attics, and 
all students of the history of science, 
Cohen’s From Leonardo to Lavoisier 
continues a series that premiered with L. 
Pearce Williams’s Album of Science: The 
Nineteenth Century. Cohen’s Album 
prints-368 black-and-white, period illus¬ 
trations of scientific activity, covering the 
full range of biological and physical sci¬ 
ences, as well as the medical, the occult, 
and the earth sciences, One section also 
addresses the shift from manuscripts to 
printed works in science, and another, 
art’s relations to science. Generally 


avoiding the posed portraits of our fa¬ 
miliar heroes, Cohen, offers us carefully 
chosen records of scientists at work and of 
their tools and observations. Many of his 
graphics reveal the early experience of 
science’s impact on society, including 
popular imagery and satire. Cohen’s book, 
like Turner’s, will meet the needs of di¬ 
verse audiences, for while a novice will be 
engaged by the prints and informed by 
Cohen’s annotations, even experienced 
specialists will find new insights and im¬ 
ages. The author’s novel approaches to 
early artifacts and images create a fresh 
vision of the scientific culture being 
transformed from medieval philosophy 
into the experimental analysis of physical 
nature. 

While these two books argue no ex¬ 
tended theses, their data fill in much of 
the background to the greats like Galileo 
and Newton. The next two books direct us 
to the lesser men in the background of the 
Scientific Revolution: clockmakers, al¬ 
manac compilers, and instrument makers, 
Both English Almanacs and The Clock¬ 
work Universe make major contributions 
to understanding the social contexts of 
early scientific work. 

Capp’s Almanacs is not simply a me¬ 
thodical analysis of the only book which 
far outsold the Bible. (With annual sales 
in the 1660s, for example, averaging over 
a third of a million copies, it appears that 
roughly one family in three purchased a 
new almanac each year,) Capp’s superb 
history reveals the almanac’s connections 
to politics, religious change, science, lay 
and professional medicine, and literature. 
Capp argues that even crude astrological 
almanacs advanced popular education by 
fostering calculating skills, a concem’for 
the regularities of nature, and an interest 
in observation. He uses data on the al¬ 
manac’s evolution to chart major shifts in 
our scientific consciousness and to plqt 
the emergence of journalism and of 
household reference books. Capp sup¬ 
plements his interpretive synthesis with 
a 50-page series of biographical notices on 
nearly 400 almanac writers and a 40-page 
bibliography of the printed almanacs 
themselves. 

Like the almanac, the mechanical clock 
brought .changes to science and to society 
in general which extended far beyond its 
immediate role, and it is in grappling with 
these complex ramifications that the 16 
essays’and research articles, edited by 
Maurice and Mayr, in The Clockwork 
Universe achieve an unprecedented suc¬ 
cess^ This attention to the social dimen¬ 
sion of timepieces and other precision 
devices encompasses not only the inven¬ 
tors arid designers but also the patrons, 
theproducers, and the consumers of these 
novel mechanisms. 

Ip the hundred years following 1550, 
the 1 mechanical clock multiplied its 
numbers beyond the, few in service to the 
mighty, and in ever larger numbers en¬ 
tered the homes-and even the pock¬ 
ets—of some middling folk. This era saw 


the appearance of tens of thousands of 
gorgeous, costly, and very complicated 
clocks which established the powerful 
metaphor of the clockwork universe, even 
though they did not keep accurate time 
and required frequent resetting by direct 
observations with sundials. 

The Clockwork Universe accompanied 
a breathtakingly grand exhibition in. 
Munich and in Washington, DC. Unlike 
many such catalogues, it succeeds admi¬ 
rably as a book, and meets the needs of 
both the learned and the general reader. 
The chapters include 75 photos and di¬ 
agrams, and each of 120 items in the de¬ 
tailed catalogue is illustrated with a pho¬ 
tograph (32 in color)! There is also an ex¬ 
tensive glossary, Some factual errors do 
appear in the glossary and text, but too 
rarely to detract from the book’s overall 
quality. Text and diagrams explain 
clockwork’s technical features in an ex¬ 
emplary fashion, and successfully inte¬ 
grate them historically with evolving 
functions, shifting fashions, and the con¬ 
flicting demand^ of producer and con¬ 
sumer. The social context is thoroughly 
articulated in a number of the chapters 
which examine, for example, the financing 
of innovations in design, the multitude of 
ways people of the era measured time 
without using clocks, the role of courtly 
patronage, and.the guild’s tension-filled 
role in achieving efficient production in 
quantity while maintaining quite con¬ 
servative regimentation of both the 
workers and their: productions. 

All four books offer new insights—lit¬ 
erally, new ways of seeing. They make us 
look at artifacts differently: the almanac 
as science journalism and mass pedagogy, 
the illustration as creator of context, and 
the precision instrument as exact math¬ 
ematics realized in matter, at once pro¬ 
genitor and prime symbol of the me¬ 
chanical world view .—Bert Hansen, 
History and Philosophy of Science and 
Technology, University of Toronto 


Global Signposts to the 21st 
Century 

John A, Loraine, 234 pp. University of 
Washington Press, 1.980. $20, 

"The USA is the energy junkie of the 
earth; she is caught in the iron grip.,.. 
Her addiction to energy is relentless.’’ The 
considerable talent of the author all too 
frequently lapses into this kind of shrill 
rhetoric, which, in the absence of a rea¬ 
soned argumerit, seems to display bis own 
deep-seated prejudices about energy. 

Loraine, a Scottish endocrinologist and 
prolific writer, is more at home in fields 
closer to his own specialties—for example, 
in medicine and the related fields of birth 
control, population control, and epidem¬ 
iology. In this book he aspires to look into 
the future gnd to perceive the directions 
in which the, nations: of the earth will be 
moving as the 21st century approaches. 
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His look Inward the future carries a mes¬ 
sage of hope for adequate food production 
and, tb a more limited extent, for suc¬ 
cessful population control, By empha¬ 
sizing environmental factors, he points to 
new approaches for medical research to 
tackle two of the most powerful killers of 
modern man-heart disease and cancer, 
But Loraine loses his optimistism for the 
future when he focuses narrdwly on en¬ 
ergy: he predicts impending disaster be¬ 
cause of what he believes are the horrible 
evils of nuclear power. His view of the 
. future is entirely credible in his treatment 
of population and medical problems, but 
it seems very unconvincing in his savage 
attack bn nuclear power. Despite this 
strong bias, some of his pictures of energy 
futures in the Soviet Union and other se¬ 
lected parts of the world are fascinating. 

The reviews of world food and popula¬ 
tion trfends constitute the most important 
projections in the book, Total food pro¬ 
duction has increased dramatically, and 
the potential exists for much additional 
gain. Some of the increase has come from 
the green revolution, but much is due'to 
improved agricultural practices. Popula¬ 
tion trends are not consistent worldwide. ‘ 
Although much of the world has made 
great progress in apprbaching replace¬ 
ment-level birthrates, Africa, India, and 
South America still have a long way fo go. 
Two methods of birth control are' by far 
the most successful—abortion and the 
'. pill. Some 30% of the world’s population 
lives in areas where abortion .is not per : 
mitted; these regions are the problem 
areas. V 

An essay on the Soviet Union reveals 
some interesting perspectives bn this hugfe 
country, laden with plentiful resources. 
With 7% of the world’s population, it Has 
20% of the world’s industrial output (the 
United States has about 30%). The im¬ 
portant, ongoing development of Siberia, 
with its vast oil, coal, and gas resources is 
pointed Out. The USSR is strongly dedi¬ 
cated to technological development, in¬ 
cluding nuclear power, he admits, the 
overall Soviet birthrate declined to 8.8 per 
1,000 (below replacement level) in the late 
sevehties, although it vanes greatly 
among the different Soviet regions. Lo- 
raine’s parting thought on this Commu¬ 
nist power is to pay attention and learri 
from their experience. 

The author’s beliefs about the future 
are summarized in an Epilogue in Whifch 
a group of animals discuss the Status of 
the world and their own preferericbS. 
Those optimistic about the future, whose 
spokesman is the dolphin, are typified by 
Herman Kahn and are said to he Unreal¬ 
istic dreamers, madly dedicated to ev&r- 
increasing economic growth rat.es. The 
horrors of nuclear war, spoken by the lion, 
are (properly) recounted, but then ate 
inextricably boiind up with nuclear power 
and the “plutonium” economy, The Mis¬ 
ery of the developing countries, the lion 
explains, is directly related to .the af¬ 
fluence and over-luxurious lifestyles of 
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the West. “Solar good; nuclear bad” is the 
watchword expressed by the lion. 

The book ranges from billliant to me¬ 
diocre, depending on whether the author 
is reviewing bro^d areas, factually, or 
merely grinding an ideological axe.— 
Robert s, Livingston , Program Planning 
and Analysis, Oak Ridge National Lab¬ 
oratory 


Reclaiming Lost Land 

Desertification: Associated Case 
Studies Prepared for the United Na¬ 
tions Conference on Desertification. 
Margaret R? Biswas and Asit K. Bis¬ 
was, eds, Environmental Sciences and 
Applications, 12, 523 pp. Pergamon 
Press, 1980. $75. 

Land, Mail and Sand: Desertifica¬ 
tion and ‘Its Solution* James Walls. 
336 pp. Macmillan, 1980. $19.95: 

The depletion and deterioration of 
soil and vegetation is, in the long term, 
and coupled with population' growth, 
perhaps the'most serious problem the 
world has to’face. While the world’s pop¬ 
ulation continues to Increase, between 
50,000 and 7,0,000 km 2 of productive land 
are lost each yedr through the process 
known as desertification—the "spread of 
what are cohceiyed as desert conditions 
beyond the boundaries of jEe climatic 
deserts, materially assisted by man’s ac¬ 
tivities. In the' past half century some 
650,000 kip 2 of laird Have been swallowed 
up by the Sahara on its southern fringe, in 
the area known as the Sahel. Land in 
humid areas is similarly being devastated. 
Almost 50 years ago Jacks and Whyte 
wrote qftfie “rape of the earth," and the 
problem has accelerated rather than di¬ 
minished ih the second half of this cen¬ 
tury. -.' 

. The drought that struck the Sahel in 
the early 1970s .was brought into our 
homes by television, and the human suf¬ 
fering caused by drought and famine Was 
brought to the attention of the hampered 
world as never before. The United Na¬ 
tions perforce became interested in the 
general process of desertification and or¬ 
ganized a conference in Nairobi In 1977, 
The tWo Hooks under review have their 
origins in the several reports and papers 
presented tfiefe. 

' The Biswas volume is merely a cbmpi- 
lation of nine case studies, three from 
China, two from the USSR, arid one each 
from Australia, Iran, Israel, and the 
United States, Together they offer arl 
apUridanoe of data and fascinating aq- 
cojtsdf ; hoy land deterioratlbn Has be’eji 

very different economic, tecbndlogicall 
and political bases, Thrire art dramatic 
contrasts between the Scientific-techno¬ 
logical approaches of, say, the U.S. arid 
Israel; on the one hand, ana the labor- 
intensive solutions applied ih China, on 
the other, between the slow consultative 


process in train in the Gascoyne Basin of 
Western Australia and the directives ap¬ 
plied in the USSR, What emerges is that 
there are several different, ways of halting 
and reversing desertification, each uti¬ 
lizing the resources most readily available 
at a particular time and place, and each 
seemingly successful. 

The reports vary in style and quality. 
This is, of course, a subjective matter, but 
I find the Israeli and Iranian reports per¬ 
haps the most clear and concise. Those 
concerned with the Vale region of Oregon 
arid the Gascoyne are solid but rather 
pedestrian, and the latter especially con¬ 
tains several assumptions, ambiguities, 
and errors. The Chinese reports arcpos- 
sibly the most interesting, because they 
discuss activities and attitudes alien to the 
West; but the repetitious political pro¬ 
paganda would not have been missed, and 
the absence of a glossary is distracting. 

This volume contains much of value, 
thanks to the extraordinary fascination of 
the basic material and despite subsequent 
treatment. The reports are published as 
they were presented lit the Nairobi Con¬ 
ference, and moht.of their demerit points 
must be debited to the editors and pub¬ 
lishers, Editing is a delicate task, If is 
appreciated that the authors' views must 
stand, Some of the papers have lost in 
translation, and other authors were using 
English as a second language. But cor¬ 
rection and polishing need not have al¬ 
tered the essence or even the nuances of 
the contributions. Respect for the au¬ 
thors’ views need not stand in the way of 
the eradication of bad English, ambiguity, 
and foreign words the meanings of Which 
are not readily ascertained. What is a mu, 
a li, a gobi, the “Yangtse record," or 
“mark"? Is “greenize" an English word? 
What is an artesian channel? Are there 
really only 1,200 plants in the Negev? Do 
the tJSSR deserts under natural condi¬ 
tions yield products worth only 30-120 
roubjes a year? Do the winds there 
sometimes blow at a speed of 40; m a 
day? 

Truth to tell, the editing is nonexistent. 
Even the brief Preface is a condensation 
of the conference convenor’s opening ad¬ 
dress. In addition, the technical quality of 
the photographs is poor, some of the 
captions meaningless. Most of the maps 
have English wording, but some of those 
of southern Russia retain Russian char¬ 
acters. 

Walls’s approach is very different. 
Whereas the Biswas volume is written in 
the style favored by official reports, 
Walls’s book is discursive, laced with lit¬ 
erary and historical allusions, and if any¬ 
thing overwritten. The material of the 
book comprises the same nine reports that 
are taken as representative by the His- 
wases, t plus six others concerned with 
desertification in West Africa, Tunisia, 
Iraq, Chile, and the Indian subcontinent. 
Walls attempts to put these reports in 
perspective by means of lengthy digres¬ 
sions ihto, for example, the causes of cli¬ 


matic change. The chapter on China is a 
discussion of the philosophical and po¬ 
litical background to reclamation in that 
country. Walls’s prose is not without its 
lapses into jargon—“antibiotic actino- 
mycetes,” “topoedaphic," “immature si- 
erozem” are examples of terms that are 
surely not readily comprehensible to the 
lay readership at which the book is aimed. 
On the other hand, he has taken the 
t rouble to translate foreign measures into 
more commonly understood units. Of 
course, there are editorial lapses such as 
the omission of a table number, and some 
of the digressions seem inconsequential 
More seriously, the map of world 
desertification potential duplicated on the 
endpapers is badly presented because the 
legends lack properly graded chloropleths 
or visually evocative degrees of shading. 
It would be interesting to know the basis 
oil which the map was drawn, for, perhaps 
unjustifiably, my confidence in the whole 
was undermined by finding that such 
long-term and increasingly productive 
agricultural areas as the Eyre and Yorke 
peninsulas, both in southern South Aus¬ 
tralia, are regarded as on a par with the 
Nullarbor Plain, and regarded as most 
vulnerable to desertification. 

I also found it disturbing to have cli¬ 
matic aberrations and fluctuations so 
readily dismissed as a cause of desertifi¬ 
cation, as indeed is the neglect of humid 
regions that have been seriously damaged 
by man’s activities, ignorance, and greed, 
Climatic variations are an integral and 
uncontrollable part of the environmental 
system. Man’s depredations have exac¬ 
erbated situations but they have not 
wholly caused them. Surely the areas 
cited, such as the Sahel, are marginal 
areas for human settlement and devel¬ 
opment. Where technology, capital, and 
organization are minimal, they are sus¬ 
ceptible to degradation in bad climatic 
years. Elsewhere, given inputs of know¬ 
how and money, farmers and settlers can 
ride out the dry years, and there is no 
long-term deterioration of the land, 

Of these two books, Walls’s is the more 
reflective and easily read, but it is not as 
informative as the Biswas volume, in 
which the. sheer interest of the material 
overcomes,the editors’ and publishers’ 
omissions. Both provide useful insights 
into this most pressing world problem of 
how reclamation of lost land may be ef¬ 
fected,—C. R. Twidale, Geography, 
University of Adelaide,S. Australia ' 


Chemistry and 
Biogeochemistry of 
Estuaries 

, Eric Olausson and Ingemar Cato, eds. 
452 pp. Wiley-Interscience, 1980. $80. 

The strength of this 13-chapter vol¬ 
ume lie§ in a few absolutely superb con¬ 
tributions. The introductory chapter by 
R. W. Fairbridge, “The Estuary: Its Def¬ 


inition and Geodynamic Cycle,” is a 
splendid generalized review, which 
classifies and characterizes the wide 
spectrum of estuarine systems found 
throughout the world. This chapter could 
stand alone and would be excellent re¬ 
quired reading for students in the wide 
variety of disciplines associated with both 
limnology and oceanography. It sets up 
high expectations for an elegant and 
much-needed review volume on estuarine 
systems. 

The book is well illustrated throughout 
and has a handsome, professional format. 
A detailed table of contents at the begin¬ 
ning of each chapter facilitates location of 
the major topics covered in the volume. In 
addition to separate subject and system¬ 
atic indexes, there is an especially useful 
index of estuaries, rivers, and bays re¬ 
ferred to in the volume. References at the 
end of each contribution are generally 
extensive, although there are relatively 
few post-1977 citations, 

By the end of Chapter 2, in which K. F. 
Bowden presents a thorough summary of 
estuarine physical processes, my only 
major criticism of the volume would he 
the apparently inappropriate title, which 
does not appear to do justice to its com¬ 
prehensive scope. In light of the relatively 
large number of books devoted to estu¬ 
aries over the past few decades (e.g. 
Estuaries, Estuarine Research, Estua¬ 
rine Chemistry, Estuarine Processes, 
Estuarine Interactions), it is conceivable 
that the editors may have run out of ap¬ 
propriate alternatives. I might suggest, 
however, that a title such as “Estuaries: 
Physical, Chemical, and Biogeochemical 
Processes" would more accurately char¬ 
acterize the scope of the volume. The 
third chapter, by D. Dyrssen and M. 
Wedborg, provides an excellent summary 
of the major and minor elements en¬ 
countered in estuarine waters and a fine 
review of chemical speciation in such en¬ 
vironments, Had the book ended with this 
chapter, I would heartily recommend it as 
a concise and comprehensive text that 
would be invaluable to any student of es¬ 
tuarine studies, 

The remaining chapters, although 
containing some very good sections, are 
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and General Biogeochemistry in Estu¬ 
aries,” 

In several of the later chapters the 
syntax is atrocious, and the number of 
misspelled words is unforgivable. While 
the editors’ mastery of the English lan¬ 
guage is undoubtedly far better than my 
mastery of their native Swedish, I found 
it distracting to wade through grammat¬ 
ical abominations while attempting to 
extract the substance from many of the 
contributed chapters. Let it suffice to say 
that heavier editing was sorely 
needed—Richard A. Lutz, Oyster Cul¬ 
ture, Rutgers University 


something of a disappointment, For ex¬ 
ample, a chapter with the broad title 
“Suspended Matter in Estuaries: Ad¬ 
sorption and Desorption Processes” deals 
almost exclusively with the fate of trace 
metals in estuarine environments and 
repeats, in part, material covered in 
Chapter 3. There is considerable overlap 
between various chapters in the text, and 
while the editors argue in their preface 
that this is necessary so that each chapter 
can be “read separately as an introduction 
to the branch in question,” the reader 
quickly tires of the redundancy. The 
chapter entitled “The Carbon Dioxide- 
Calcium Carbonate System in Estuaries," 
only nine, pages long, could easily have 
been incorporated into the chapter by S. 
R, Alston on "Nutrients, Dissolved Gases, 


Physical Sciences 

The Physics-Astronomy Frontier. Fred 
Hoyle and Jayant Narlikar. 483 pp. W. 
H. Freeman, 1980. $19.95. 

In the ecosystem of competitive text¬ 
books, one can find very different orders 
filling the same ecological niche, One ev¬ 
olutionary track may adaptively come to 
resemble another in superficial appear¬ 
ance, rather like mammalian dolphins 
among the big fish. Just now, conditions 
are highly favorable for textbooks on as¬ 
tronomy designed for nonscience majors, 
The big fish in this niche are the texts of 
Abell, Pasachoff, Zeilik, and perhaps one 
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or two others. Hoyle and Narlikar have 
evolved for us a different, warm-blooded 
textbook whose ancestry traces back dis¬ 
tantly and discretely to Physics 1 instead 
of Astronomy 1, 

The adaptive resemblance to the big 
fish is astounding. All the popular as¬ 
tronomy is here: planets, stars, galaxies, 
black holes, the cosmological distance 
ladder, the big bang, radio and x-ray as¬ 
tronomy, and so on. The book is full of 
those tables and lists that students (and 
no one else) find so comforting: the ele¬ 
ments, the nearest stars, the brightest 
stars, the constellations, selected inter¬ 
stellar molecules, selected x-ray stars, 
Figures and illustrations abound, and 
there is even the proto-typical glossy 
section of gorgeous color plates. 

In spite of all this adaptive evolution, 
and in spite of the fact that no mathe¬ 
matics is used (except elementary algebra, 
needed, the authors say, to explain black 
holes!) the underlying nature of this book 
is to be a rather ambitious, and I think 
successful, attempt at teaching physics to 
nonscientists. The student is carefully led 
through causality and spacetime; quan¬ 
tum theory, temperature, thermal radia¬ 
tion; atoms, molecules, nucleii, spectros¬ 
copy, nuclear reactions; the laws of me¬ 
chanics, gravitation, and special relativity; 
and on and on. The verbal level is quite 
sophisticated. This is not a gee-whiz 
book. 

Sir Fred has been known to ride some 
scientific hobbyhorses in the past, but 
(except perhaps for two pages on inter¬ 
stellar cellulose, easily ignored) he and his 
coauthor here toe the accepted, modern, 
establishment line. The scientific content 
is very solid and presented with consid¬ 
erable pedagogical flair .—William ti, 
Press, Astronomy and Physics, Harvard 
University 

Theoretical Mechanics of Particles 

and Continua. Alexander L. Fetter 

and John Dirk Walecka. International 

Series in Pure and Applied Physics.' 570 

pp. McGraw-Hill, 1980. $24.50. 

During the spring term of 1980, while 
teaching the classical dynamics course to 
first-year graduate students, I decided to 
break with the past ! and devote' about 
two-thirds of the semester to continuum 
mechanics with an emphasis on fluid dy¬ 
namics. During the first third* of the 
course, I covered some particle mechanics 
topics such as Lagrangian and Hamilto¬ 
nian dynamics and the theory of small 
oscillations. Needless to say, there was no 
single text suitable for the course, and I 
told the class to purchase and read both 
Classical Mechanics, by Goldstein, and 
Fluid Mechanics, by Landau and Lif- 
schitz. 

About halfway through the term, I re¬ 
ceived a copy of Theoretical Mechanics 
of Particles and Continua, by Fetter and 
Walecka, which seemed to be just about 
what I was looking for, and I used it as a 


supplementary reference. When I t aught 
classical dynamics again during the fall 
term, I adopted the book as a text. 

Although it is designed for a full-year 
course, I found that, with careful selection 
of topics, it served very well for the one- 
semester course. The topics are well cho¬ 
sen, divided about equally between par¬ 
ticle mechanics and continuum mechan¬ 
ics, and each is developed and treated 
with care, I found the section on small 
oscillations especially useful. 

Chapter 7, on strings, and Chapters 9, 
10, and 12, on fluid dynamics, are also 
very well done. For my approximately 
eight-week introduction to fluid dynam¬ 
ics, the treatment provided in these three 
chapters fit very nicely. The brief dis¬ 
cussion of solitary waves and the Kor- 
teweg deVries equation is the one section 
where perhaps more should have been 
provided. 

For anyone looking for an alternative to 
the standard graduate mechanics text by 
Goldstein, I strongly recommend this new 
book !—Thomas Appelquist, Physics, 
Yale. University 

Exotic Atoms ’79: Fundamental Inter¬ 
actions and the Structure of Matter. 
Kenneth Crowe, Jean Duclos, Giovanni 
Fiorentini, Gabriele Torelli, eds. Ettore 
Majorana International Science Series, 
Physical Sciences, 4.403 pp. Plenum, 
1980.$45. " ■ 

This volume is the proceedings of the 
Second Course of the International 
School of Physics of Exotic Atoms’, held 
in Erice, Sicily, in March 1979. The field 
of exotic atoms has grown tremendously 
from positronium, muonium, mesic 
atoms, hadronic atoms, quark atoms, and 
possibly baryonium. The investigation’s 
of the exotic as well as some ordinary 
atoms have gradually expanded their use 
as sensitive probes in the study of the 
fundamental interactions as well as the 
structure of matter, The purpose of tire 
volume was to review the various aspects 
of the physics of exotic atoms, particularly 
the results obtained in the two years be¬ 
tween the first (April 1977) and the sec¬ 
ond (March 1979) courses of the Inter¬ 
national School. The 22 lecturers partic¬ 
ipating in the Second Course were all 
leading scientists in their fields. The lec¬ 
tures were classified into four main 
groups, the first two entitled “Funda¬ 
mental Interactions" and “Quark Atoms.” 
They dealt mainly with muonium, pbs- 
itronium, quark atoms, and baryonium. 

V. Hughes describes recent develop¬ 
ments in muonium research relevant to 
muon electrodynamics gnd also gives 
certain speculations about future direc¬ 
tions for research. If ere is an excellent il¬ 
lustration of how a novel exotic atom can 
be developed into an ideal simple system 
for testing muon electrodynamics. 

Under quark atoms is included the 
dramatic discovery of the new heavy 
quarks c and b together with the bound 


states cc (charmonium) and bb which 
provide us with the possibility of testing 
perturbative Quantum Chromodynamics 
(QCD) and can be thought of as quark 
atoms. 

Several important and interesting 
topics not directly connected with the 
so-called exotic atoms were, nevertheless, 
appropriately discussed under the same 
title. . One was rare muon decays , and 
lepton conservative schemes; and the 
others were an ingenious experiment’on 
the muon capture rate in liquid hydrogen, 
the nonexistence of the second class 
axial-vector current in weak interaction, 
etc. Both were impressive-investiga¬ 
tions. ,/ 

In the second half of the book, on ap¬ 
plications to the study of the structure of 
matter, the papers are grouped under the 
titles “The Chemical Physics of'MesiC 
Atoms and Molecules" and “The Muon 
Spin Rotation." . 

Exotic Atoms 7.9 covers two vast and 
interesting areas of nuclear physics. The 
first is on exotic atoms and their applica¬ 
tions as sensitive probes in testing for 
fundamental interactions. The second 
focuses oh the development and utiliza¬ 
tion of mesic chemistry and the juSR to 
study the structure of matter. It presepts 
up-to-date theoretical as well as experi¬ 
mental reviews of these important fields 
ljut also provides ah adequate, introduc¬ 
tion and reference lists on these subjects 
for nonexperts.—C. S. Wu, 'Physics, Co¬ 
lumbia University .' ', • 

Electromagnetic Radiation, F. H. 
Read. 331 pp. Wiley, 1980. $58.50 cloth' 
$23 paper. 

This book is a very well written survey 
of topics related to the production, prop¬ 
agation, and detection of electromagnetic 
radiation. Intended for upper-division 
undergraduates at the University of 
Manchester, the level of treatment is in¬ 
deed correct for such students. The au¬ 
thor does, however, manage to include a 
wealth of useful and interesting details by 
stating without proof results from the 
recent literature when a full treatment 
would be beyond the level of the student. 
For instance, he includes remarkably 
lucid discussions of ’the spatial’ and tem¬ 
poral coherence of laser beams, the oper¬ 
ating principles of essentially all types of 
lgsers, a reasonable sample-of .funda¬ 
mental physics experiments performed 
with lasers, and the operating principles 
of photon detectors in each wavelength 
region. 

Read has produced an impressively 
complete survey and in doing so has in¬ 
cluded, far too much material for any 
one-term course. He has kept some sub¬ 
sections mutually’independent and thus 
is able to suggest several different possi¬ 
bilities for one-term courses, one dealing 
with classical and quantal aspects of ra¬ 
diation, one emphasizing lasers and their 
applications to research, and one cqn- 
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cerned with the scattering, absorption, 
and detection of electromagnetic radia¬ 
tion. Each of these courses presumes that 
the student already has an intermedi¬ 
ate-level background in quantum effects 
arid-electricity and magnetism. (Highly 
readable summary chapters are provided 
on both of these subjects, but they could 
serve only as a review.) 

While this reliance on material which 
appears late in the curriculum at many 
universities may prove a slight barrier to 
adoption of this text, more serious curri¬ 
cular problems arise from the text’s own 
contents. With the possible exception of 
thecourse on scattering, absorption, and 
detection of radiation, there is currently 
no place for any of this book’s suggested 
courses in the usual U.S. undergraduate 
curriculum. Bits and pieces of their ma¬ 
terial are spread over the normal Ameri¬ 
can courses on optics, modern physics, 
quantum mechanics, and electricity and 
magnetism. Sadly, many useful connec¬ 
tions presented with great clarity iri this 
text are frequently lost iri the American 
curriculum because of this fragmentation. 
Read’s text might thus make fine' back¬ 
ground reading for graduate students, 
particularly since some of the material he 
presents is not treated at'all in our cur¬ 
riculum until the student achieves con¬ 
siderably more sophistication.^ V. 
Maher, Physics and Astronomy, Uni¬ 
versity of Pittsburgh ' 

Theory and Applications of Electron 

Spin Resonance. ; falter Gordy. 

Techniques of Chemistry, 15. 625-pp, 

Wiley-Interscience, 1980. $39.95. 

The emphasis of this book is on EPR 
(electron paramagnetic resonance) of free 
radicals and triplets that have been in¬ 
duced in diamagnetic and nonmagnetic 
matter by physical or chemical means. 
After an introduction to the quantum 
mechanics of spin and angular momenta, 
the author applies-Spin Hamiltonian 
formalism to electron and nuclear,spins, 
A treatment follows of spin-related tran¬ 
sition probability and lineshapes and of 
the classical dynamics of interacting 
magnetic fields and magnetic moments, 
The major portion of .the book, consists of 
a thorough review of EPR of oriented 
radicals, of radicals m powder and solu¬ 
tion, and of triplets. Special, theoretical 
details are provided as necessary along 
with a wealth of experimental results from 
the literature. 

For a newcomer to the field of magnetic 
resonance, this book would certainly 
provide an adequate introduction, For 
pedagogical purposes, introductory texts 
like Carrington and McLachlan’s Intro¬ 
duction to Magnetic Resonance or, at a 
more advanced level, Slichter’s Principles 
of Magnetic Refinance would be more 
appropriate. Fdr the person who does 
magnetic resonance—but not necessarily 
the kind described here—this, is a superb 
review. For example, Gordy spells out the 


complexities of fitting g and hyperfine 
tensors to single crystal data and brings 
in noteworthy second-order effects. 
Considerable attention is given to the 
empirical methods for relating unpaired 
electron density to hyperfine couplings 
(e.g., of 'H, 13 C, H N, 19 F). For the spe¬ 
cialist in ESR of free radicals and triplets, 
this will be an excellent and frequently 
used sourcebook of theory and up-to-date 
facts (referenced at least through 1977) 
from a highly accomplished leader in the 
field— Charles P. Scholes, Physics, 
SUNY-Albany 


NMR Spectroscopy: An Introduction. 

H. Gunther, Trans, Robert W, Gleason. 

436 pp. Wiley, 1980, $62. 

An effort has been made to bring this 
translation of the 1973 German original 
up to date, principally by adding new 
material in the second half of the book, 
For the most part, however, the volume 
betrays its age; there is great emphasis on 
CW spectroscopy, and the preponderance 
of attention is devoted to proton NMR, 

• (There are 13 pages devoted to fluorine, 
24 to carbon, and none to any other 
species.) 

The main part of the book has a very 
“chemical” flavor, as befits the author’s 
field of research and the intended audi¬ 
ence. This part, which has largely to do 
with the interpretation of spectra, is quite 
well done. Other substantial sections are 
devoted to the physical origins of various 
effects and to the analysis of spectra, and 
here the author frequently runs into 
trouble, The explanations given are 
sometimes wrong and often cloudy, and 
the frequent gaps in arguments will con¬ 
fuse the student, 

The translation is excellent; the only 
slip I noticed was a reference to “qua¬ 
dratic” matrix, where “square” was 
meant. Despite its many good points, the 
book is not as suitable an introduction to 
NMR as several others which, are avaih 
able.—J. S. Waugh, Chemistry, MIT 


Electron and Pion Interactions with 
Nuclei at Intermediate Energies. 
William Bertozzi, Sergio Costa, Carlo 
Schaerf, eds. Studies in High Energy 
Physics, 2,703 pp. Harwood Academic, 
1980. $55. 

This is a particularly helpful review of 
one of the areas in the forefront of nuclear 
physics; the insights into nuclear struc¬ 
ture provided by intermediate energy 
studies that use electrons as probes, The 
text consists of lectures given during ah 
International School held at Arricia 
(Rome) in June 1979, These lectures 
combine a 1979 status report with in¬ 
structive expositions that either present 
the necessary background thoroughly or 
provide references to earlier journal and 
review articles, There is considerable 
overlap between this volume and the 


proceedings of the International Confer¬ 
ence on Nuclear Physics with Electro¬ 
magnetic Interactions held in June 1979 
in Mainz, and published by Springer- 
Verlag as Volume 108 of Lecture Notes in 
Physics. The lectures at the International 
School constitute a more valuable refer¬ 
ence work for physicists who have not 
been working in this branch of nuclear 
physics. 

Most physicists understand in general 
terms why electrons are exceptionally 
revealing probes of nuclei and nuclear 
constituents, Because they do not have 
strong interaction, electrons distort the 
systems being studied in only minimal 
and calculable ways. The advantages of 
electrons have been cited repeatedly and 
have been exploited to some extent ever 
since high energy electrons became 
available about 40 years ago. The excite¬ 
ment and value of these lectures come 
from their understandable presentation 
of the problems remaining as well as the 
advances we have made recently in both 
theory and experiments. The book con¬ 
tains many interesting comparisons of 
theoretical calculations with experimental 
results which give the readers a direct 
view of modern understanding of nuclei 
and their constituents. Taken together, 
the lectures provide a valuable account of 
the large amount that nuclear physicists 
have learned and expect to learn about 
nuclear structure by using intermediate 
energy electrons .—Peter Axel, Physics, 
University of Illinois 

Probing Hadrons with Leptons. Giuli- 
ano Preparata and Jean-Jacques Au- 
bert, eds, Ettore Majorana Interna¬ 
tional Science Series, Physical Sciences, 
5.507 pp. Plenum, 1980. $59.50, 

The hadrons are no longer believed to 
be elementary, but rather to be composed 
of more fundamental subunits, the 
quarks. The main activity at high energy 
particle accelerators and storage rings in 
Europe and America in recent years has 
been to study this substructure—the 
properties of the quarks, the forces 
binding them in hadrons, and the myste¬ 
rious mechanism which apparently pre¬ 
vents the quarks from emerging as free 
particles. The leptons (electrons, muons, 
and neutrinos) serve as ideal probes of the 
hadrons, We can scatter them from ha¬ 
drons to “see” the substructure, or we can 
annihilate leptons with other leptons in 
electron-positron colliding beam ma¬ 
chines to create quark states which then 
form hadrons. 

These proceedings, covering one of a 
series of “Highly Specialized Seminars” 
organized by Antonio Zichichi, are a col¬ 
lection of contributed reports: three on 
electron-positron experiments at SLAC 
and DESY; eight on electron and muon 
deep inelastic scattering from nucleons at 
Fermilab, CERN, SLAC, and Cornell; one 
on future prospects in lepton-nucleon 
experiments at Fermilab; four on neu- 
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trino-nucleon experiments at Fermilab 
and CERN; and seven on related theoret¬ 
ical questions. They provide a rather 
broad and representative sampling of the 
status of lepton-probe experiments in 
early 1979, 

Conference proceedings like these serve 
a useful function for advanced students in 
a rapidly developing field of study, They 
bridge the gap between the well-organized 
pedagogical exposition of a textbook, 
which is, however, always out of date, anc} 
the current accounts of work in preprints 
and letters journals, which are often too 
terse for the nonspecialist. Some of the 
reports in this collection, those by M. K, 
Gaillard and H. L. Anderson, for example, 
are unusually good introductions to their 
respective topics. The excellent index, a 
rarity in conference proceedings, plus the 
references accompanying each report 
make this volume especially useful for 
locating the published sources in lepton- 
hadron physics.— K. Berkelman, Physics, 
Cornell University 

The Big Bang: The Creation and Evo¬ 
lution of the Universe. Joseph Silk. 394 

pp. W. H. Freeman, 1980. $18 cloth, $9 

paper. 

Modern cosmology constitutes one of 
the most fascinating chapters of con¬ 
temporary science and natural philoso¬ 
phy. In his new book, Silk has made a bold 
attempt to introduce comprehensively the 
many facets of modern cosmology and 
cosmogony at the popular, nontechnical 
level, with much emphasis on current 
developments. Considering the difficulty 
of the task, I think he has done a nice job. 
In fewer than 400 pages he has managed 
to touch on all relevant topics from his¬ 
torical cosmology to the big bang universe 
to the formation and evolution of galaxies, 
stars, the solar system, and life. In doing 
so, however, he has occasionally omitted 
explanations that might be expected of a 
book at this level. Some topics are only 
briefly mentioned, without much elabo¬ 
ration, In order to cover some of the 
frontier developments, he has invoked 
relatively advanced physical arguments 
that might be above the level of non¬ 
science students with no physics back¬ 
ground. 

I feel that this book can be used most 
effectively as a resource book on frontier 
topics in more advanced classes. However, 
the idea of leaving all mathematics in the 
appendix remains a good one. The relative 
weight given to different topics is fairly 
evenly distributed so that the teacher can 
comfortably select a smaller subset of 
topics without much loss.''Some of the 
figures could be improved to avoid mis¬ 
interpretation, and several fundamental 
v concepts (e.g., hadrons, expanding bee 
universe, passage through the past sin- 
. gularityh would benefit from further 
clarification in future editions. But the 
major part of the argument is sound and 
the physics rigorous. The book is certainly 


unique at its level: ambitious in scope, 
compact in style, if occasionally slightly 
wanting in explanatory details lor the 
unprepared, it also makes an interesting 
review even for the professional.™ Edison 
P. Liang, Lawrence Livermore National 
Laboratory and Stanford University 


Giant Multipole Resonances. Fred E. 

Bertrand, ed, 481 pp, Nuclear Science 

Research Conference Series, 1,481 pp. 

Harwood Academic, 1980. $42.50 

paper. 

This book is the first in a series of con¬ 
ference proceedings that will cover the 
broad field of nuclear science to provide 
up-to-date accounts of research presented 
by experts at topical conferences; publi¬ 
cation time will be typically about ten 
weeks. This monograph deals with the 
fashionable topic of giant multipole res¬ 
onances. These outstanding features of 
nuclear collective motion have had and 
continue to have a major influence on our 
understanding of nuclear structure. The 
field began in the late 1940s with the dis¬ 
covery of the giant electric dipole reso¬ 
nance found in all nuclei. Some of the first 
convincing evidence for particle-hole in¬ 
teractions, isospin mixing, and isospin 
splitting, now a standard part of nuclear 
theory, was obtained from studies of the 
giant dipole state. The main features of 
this earlier work and more recent devel¬ 
opments form the basis of a fine review by 
S. S, Hanna, one of the pioneers in the 
field. He emphasizes the importance of 
the observations of giant electric qua- 
drupole resonances in many medium and 
heavy nuclei in influencing the subse¬ 
quent development of the field of giant 
multipole resonances, in general. 
Throughout the book, the reader is con¬ 
stantly made aware of the vitality of the 
field by the essential interplay between 
experiment and theory. 

Important new insights into old prob¬ 
lems of the theory of multipole resonances 
are discussed by G. E. Brown, who is 
leading the study of dynamical effects in 
determining the single particle-single 
hole energies near the Fermi surface. It is 
necessary to use different unperturbed 
particle-hole energies for each vibrational 
mode; the energies depend largely on the 
energy of each vibration, The damping 
widths'of the giant resonances, particu¬ 
larly those relating to work in heavy ion 
reactions, are discussed by Broglia and 
Bortignon.They stress the importance of 
the coupling between low-lying collective 
states and the giant resonances in the 
determination of the spreading widths of 
the modes. 

Significant developments in experi¬ 
mental methods are discussed in several 
succinct reviews. Nathan describes new 
coincidence experiments using the high 
duty factor electron accelerators at 
Stanford and Illinois, These experiments 
involve studies of ( 7 , nucleon), ( 7 , pho- 


ton), (e, e', nucleon), and ( 0 , o', fission) 
reactions all of which are of key theoreti¬ 
cal significance. This work has been ea¬ 
gerly awaited lor more than a decade. The 
availability of intense beams of pious at 
SIN (Zurich) and LAMPF (Los Alamos) 
has made it possible to use pion inelastic 
scattering reactions to excite giant reso¬ 
nances. This work is described by liuen- 
erd and Arvieux. They give evidence for 
the excitation of an isovector 153 mode 
which has not been observed before in 
hadron scattering. The burgeoning field 
of the study of giant resonances via charge 
exchange reactions is reviewed by Good¬ 
man. The clear identification of Garnow- 
Teller resonances using high resolut ion 
(p,n) reactions is a most important de¬ 
velopment; the relationship between 
these resonances and the results from 
beta decay is a fundamental one. 'The 
monograph ends with a selection of ab¬ 
stracts of papers submitted to the con¬ 
ference; they represent a good sample of 
the innovative theoretical and experi¬ 
mental work that characterizes the field. 
The book serves its intended purpose very 
well indeed. It is timely and up-to-date, 
and I recommend it to those in nuclear 
physics and related fields.— Frank HA K. 
Firk, Physics, Yale University 


Natural Radiation Environment 3, 
Vols. 1 & 2. Thomas F. Gesell and 
Wayne M. Lowder, eds. Proc. Symp,, 
Houston, 1978.1738 pp. Springfield, 
VA: NTIS/DOE, 1980. $39.50 paper. 
Like the two previous symposia, N RE 
3 brought experts in the basic physical 
and biological sciences together with a 
number of applied scientists and technical 
people with interests in naturally occur¬ 
ring radioactivity. More than 100 papers 
were presented, grouped into a number of 
broad categories that give some, insight 
into the scope of the proceedings. The 
first volume includes papers dealing 
largely with the more scientific issues- - 
radon in the ground, seismicity and ra¬ 
dioactivity,. radioactivity in the atmo¬ 
sphere, radionuclides in marine systems, 
radionuclides in aquatic and terrestrial 
systems, and radionuclides in food and 
tissue. The second volume, more techni¬ 
cally oriented, includes papers on pene- 
trating radiation measurements, radiation 
surveys and population exposure, radio¬ 
activity in the indoor environment, and 
technologically enhanced natural radio¬ 
activity. 

Three of the areas covered—seismicity 
and radioactivity, radioactivity in the 
indoor environment, and technologically 
enhanced natural radioactivity.repre¬ 

sent new applications or new concerns. 
Subsurface radon measurements are 
being studied with increasing interest as 
a possible indicator of strain changes that 
may be precursors to earthquakes. The 
other two topics are of growing impor¬ 
tance in connection with energy conser* 
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vation and exploration for new energy 
resources. 

Several features of these volumes make 
them valuable to the nonspecialist as well 
as to workers in directly related fields, 
First, most of the papers have been writ¬ 
ten in a way that makes them readily ac¬ 
cessible. Second, many papers include 
extensive lists of references which help 
the newcomer become acquainted with an 
extensive but scattered literature. (Tan¬ 
ner’s review article on radon migration in 
the ground is particularly noteworthy in 
this regard.) Third, the very compre¬ 
hensiveness of the proceedings makes 
them an excellent starting point for any¬ 
one wishing to become familiar with re¬ 
cent work relating to almost any aspect of 
the natural radiation environment.— 
Mark //. Shapiro, Physics, Caltech and 
California State University, Fullerton 


Pentacoordinated Phosphorus. Robert 
E. Holmes. Vol. 1: Structure and 
Spectroscopy. 479 pp. $92. Vol. 2: Re¬ 
action Mechanisms. 237 pp. $52, ACS 
Monographs, 175 and 176. American 
Chemical Society, 1980. 

These two volumes cover a wide range 
of topics that will interest chemists, bio¬ 
chemists, and spectroscopists working 
with pentacoordinate phosphorus com¬ 
pounds. Volume 1 gives a clear under¬ 
standing of how bond parameters are 
obtained by diffraction and spectroscopic 
methods. Some values are tabulated for 


posed involvement of pentacoordinated 
phosphorus in the transition state species. 
Typical topics are ribonuclease catalysis, 
pyruvate and creatine kinase catalysis, 
and polymerases in DNA replication and 
RNA transcription. 

Literature cited dates to 1977 and ear¬ 
lier, with the exception of a few references 
to 1978 and 1979 papers. Both volumes 
are practical guides to the field. Current 
knowledge is explained to the uninitiated 
before it is appled in detail,— Edgar 
Howard, Jr., Chemistry, Temple Uni¬ 
versity 


Earth Sciences 

World Atlas of Geology and Miner¬ 
al Deposits. Duncan R, Derry. 110 
pp. Halsted Press, 1980. $61,95. 

This publication represents an inter¬ 
esting and largely successful attempt to 
provide an overview of world geology and 
mineral resources that, in the author’s 
words, can be “understood by the layman 
and yet can be useful to professional earth 
scientists." The volume is divided into 
three parts: an introductory orientation, 
an atlas with explanatory texts, and a 
section of statistical data on world, re¬ 
sources of various mineral commodities. 

The introductory part, which includes 
. discussions of landscape and geology, 
structure and history of the earth, distri- 
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ref erence purposes. The utility and limi¬ 
tations of high-resolution NMR spec¬ 
troscopy in gaining structural information 
and insight on ligand exchange behavior 
are explored, The Berry pseudorotational 
process and the Ugi turnstile mechanism 
for intramolecular ligand exchange are 
discussed thoroughly in relation to 
available experimental evidence. An ap¬ 
pendix provides large amounts of spectral 
data, which can be extremely useful for 
identification purposes. Expressions for 
G and F matrix elements appear in an¬ 
other appendix, simplifying the work in 
carrying out a normal coordinate anal¬ 
ysis. 

Volume 2 presents theoretical calcula¬ 
tions of barrier energies for intramolecu¬ 
lar ligand exchange and notes the pleasing 
agreement with the experimental data 
given in Volume 1. A complete FORTRAN 
program for calculation of isomer energies 
is included. The longest chapter presents 
mechanisms of those reactions that give 
evidence of pentacoordinate intermedi¬ 
ates or transition states. The examples are 
illustrative rather than comprehensive. 
Beginning with the hydrolysis of esters 
and decomposition of phosphonium salts, 
the author proceeds to nucleophilic and 
radical reactions of trivalent phosphorus 
compounds. The last portion of this vol¬ 
ume cites work with enzyme systems re¬ 
sponsible for phosphoryl group transfer. 
Again, the common feature is the pro¬ 


bution of earthquakes and volcanoes, life 
and distribution of mineral resources, is 
clearly written with the layman in mind, 
As a concise review of the broad aspects, 
it will help those new to geology to. com¬ 
prehend the explanatory sections that 
pertain to the map sheets, The final sec¬ 
tion on distribution of ore deposits would 
have been considerably enhanced by in¬ 
clusion of a few simple, sketches to illus¬ 
trate the main types of metal deposits and 
the manner in which these and mineral 
fuel deposits are created, . 

The second, and most substantive, part 
of the volume consists of nine map sheets 
covering all the land areas of the earth, 
plus explanatory texts. The author is to be 
commended on the maps, which are at¬ 
tractively colored and contain a great deal 
of information with respect to geology and 
mineral resources and yet are not unduly 
complex. The choice of scales and pro¬ 
jections is also intelligent. It is important, 
however, to use the maps in close corre¬ 
lation with the national production and 
resource statistics provided in the final 
part of the book to avoid obtaining a dis¬ 
torted impression of the mineral resources 
of certain areas, For example, lower 
Central America appears more heavily 
mineralized than either northern Mexico 
or central Peru, and this is definitely not 
the case. Also, the map of Antarctica has 
many symbols indicative of metal depos¬ 
its, which are in reality only showings. 


In the text that accompanies each map 
sheet, the author traces the geological 
development of each map area from ear¬ 
liest geologic periods to the present. Most 
major deposits are mentioned, but I was 
puzzled by lack of reference to the im¬ 
portant base metal deposits in New 
Brunswick and Newfoundland. Further¬ 
more, incorrect ages are given for the im¬ 
portant Rio Tinto copper deposits in 
Spain and the Ukodan copper deposits in 
Siberia, These are minor points, however, 
and do not seriously detract from the 
large body of accurate information the 
atlas contains. 

The data on world mineral production 
and reserves presented in the third part 
are an important feature. They serve to 
emphasize the highly uneven distribution 
of mineral wealth among nations and, as 
mentioned earlier, should be used closely 
with the maps. Lists of sources of further, 
information include both suggested 
readings and the addresses of national 
geologic surveys around the world. The 
glossary contains only 95 entries, and 
bears out the author’s claim that the vol¬ 
ume is appropriate for use by those 
without a background in earth science, 
including, it is to be hoped, those in the 
political arena— Frederick J. Sawkins, 
Geology and Geophysics, University of 
Minnesota 







The Caledonides in the U.S.A.: Geo¬ 
logical Excursions in the Northeast 
Appalachians. James W. Skehan, and 
Philip H. Osberg, eds. 250 pp. Weston, 
MA: Observatory of Boston College, 
Department of Geology and Geophys¬ 
ics, 1979. $12 paper, 

Many guidebooks have been written for 
geological field trips, but only rarely do we 
encounter a guidebook as useful and as 
complete as this one. Originally produced 
for use during the IUGS-IGCP field trip in 
the northern Appalachians (as part of the 
1979 Caledonide Qrogen Project meet¬ 
ing), it is currently available from Weston 
Observatory for anyone wishing to use it 
for less formal excursions. If is a topical 
rather than a comprehensive field guide, 
and the areas covered in detail are 
southeastern New England (especially the 
Carboniferous of Rhode Island), south- 
central Maine, central and western New 
Hampshire and central Massachusetts, 
the Massachusetts Berkshires, and the 
central Taconie allochthon in western 
Massachusetts and adjacent New York. 
The book has the road mileage logs typical 
of guidebooks, hut its increased utility is 
mainly due to the more detailed and bet¬ 
ter writ t en and edited introductions to the 
geology of each area. These introductions 
are generally up-to-date, and they state 
concisely the geologic background nec¬ 
essary to appreciate fully the localities 
described in the road logs. 

In my opinion, this guidebook could 
serve as a model for future editors and 
authors. It should be of considerable value 
to anyone planning an overview-type field 
trip in New England.—Robert Tracy , 
Geology and Geophysics , Yale Univer¬ 
sity 


Trans-Pecos Region: Southeastern New 
Mexico and West Texas. Patricia W. 
Dickerson, Jerry M. Hoffer, Jonathan 
F. Callender, eds. New Mexico Geo¬ 
logical Society 31st Field Conference. 
314 pp. Socorro: New Mexico Geologi¬ 
cal Survey, 1980. $30 cloth, $25 
paper. 

This attractively bound volume, dedi¬ 
cated to a well-known west Texas geo¬ 
logical pioneer, Philip B. King, contains 
abundant photographs, maps, and di¬ 
agrams documenting the widely diverse 
geology of west Texas and southeastern 
New Mexico. The Trans-Pecos region 
contains segments of the Rio Grande rift, 
basin and range, Chihuahua tectonic belt, 
Permian basins, Central basin platform, 
and west Texas volcanic provinces. All 
geologic systems (except Triassic and 
Jurassic) are represented in the area, in¬ 
cluding some of the best-exposed Permian 
geology in the world. Many structural and 
tectonic features are well exposed along 
the routes of the three-day conference. 
Economic interests include oil and gas, 
talc, uranium, barite, fluorspar, lead, zinc, 
silver, gold, copper, molybdenum, and 


geothermal and groundwater resources. 
The well-edited collection of 45 papers 
includes discussions of all these subjects 
as well as a smattering of papers on the 
intriguing natural history of Trans-Pecos 
Texas. The authors have put together a 
remarkable collection of data and inter¬ 
pretations relating to the diverse geology. 
The papers, combined with the hundreds 
(thousands?) of references, make this 
volume an indispensable resource for 
anyone doing geologic research in the re¬ 
gion. 

An additional advantage, especially to 
those not attending the conference, is the 
54 pages of road logs. These cover 670.6 
miles and allow one to retrace at leisure 
the conference routes while reading the 
geological explanations and historical 
vignettes. The book exemplifies the pride 
which the New Mexico Geological Society 
maintains in its annual publications — 
Russell E, Clemons , Earth Sciences, New 
Mexico State University 

Applied Climatology: A Study of At¬ 
mospheric Resources. John E. Hobbs. 
Studies in Physical Geography. 218 pp. 
Westview Press, 1980. $31.25. 

Weather and climate affect virtually all 
forms of human activity. This sensitivity 
has become more apparent during the 
past decade as droughts, heat waves, 
floods, hurricanes, and numerous other 
climate-related disasters are reported to 
us by the media. Awareness that the fre¬ 
quency of climate-related disasters will 
surely increase as the world’s population 
escalates and natural resources diminish 
also leads to increased scientific and 
popular interest in the subject of applied 
climatology. 

Applied climatology can be defined as 
the analysis of climatic data for an oper¬ 
ational purpose, such as agriculture or 
construction. This book is nontechnical, 
intended primarily for introductory un¬ 
dergraduate or graduate students with 
some background in climatology or me¬ 
teorology. Material has been organized 
into three sections. The first focuses on an 
understanding of the fundamental nature 
of the atmosphere and weather processes, 
with a discussion that is brief but ade¬ 
quate for a book of this type. The heart of 
the book is found in the second and third 
sections. The second section, which em¬ 
phasizes the relationships between human 
activities and weather and climate, is or¬ 
ganized largely on the basis of the effects 
on human activities of extreme weather 
events as opposed to day-by-day weather. 
This untraditional approach facilitates 
the learning process for beginning stu¬ 
dents, but the brevity of treatment will no 
doubt be the source of some criticism by 
teachers who may consider the book for 
classroom adoption. The final section is 
a refreshing and welcome addition to in¬ 
troductory texts on applied climatology; 
it presents a beginning student with a 
concise discussion of how climatological 


and meteorological information can be of 
assistance to decision-makers for plan¬ 
ning purposes. 

Scores of references are cited to docu¬ 
ment the material presented. In several 
chapters, however, the author has relied 
heavily on sources from Australia. While 
there is certainly no objection to Austra¬ 
lian sources, readers may have difficulty 
obtaining copies of these materials for 
further study, 

The book, as a whole, will be welcomed 
for its organized and well-documented 
presentation. Additional suggested 
readings at the end of each chapter will be 
helpful to those desiring to pursue se¬ 
lected topics further, but few references 
are given for studies completed after 1977, 
probably because of delays in the publi¬ 
cation process. The omission is unfortu¬ 
nate considering the wealth of material 
which has become available on the subject 
in the past three years —Donald A. Wil¬ 
hite, Center for Agricultural Meteorology 
and Climatology, University of Ne¬ 
braska 


Future Coal Supply for the World 

Energy Balance. Michel Grenon, ed. 

IIASA Proceedings Series, 6. 720 pp. 

Pergamon Press, 1980. $90. 

The International Institute for Applied 
Systems Analysis (IIASA) holds annual 
conferences on energy resources. The first 
two, in 1975 and 1976 respectively, ad¬ 
dressed Energy Resource, Models and 
Methods of Assessment and The Future 
Supply of Nature-Made Petroleum and 
Gas. The third and possibly most ambi¬ 
tious energy conference held in 1977, os¬ 
tensibly discussed coal reserves and re¬ 
sources. 

Despite its distinguished parentage and 
a title full of promise, the volume is a 
considerable disappointment. New data 
are few and far between; the real magni¬ 
tudes of coal supplies, their depths and 
qualities, are not revealed and in most 
papers not even mentioned. Instead, the 
papers address questions such as coal re¬ 
serve classifications used in different 
countries, economic and technical outlook 
for underground coal gasification, and 
mine planning in the USSR, topics that 
are interesting but surely out of place in 
this volume. One hopes that future con¬ 
ference conveners will be able to keep 
conferees closer to the stated task,—B. J. 
Skinner, Geology and Geophysics, Yale 
University 


Orthosilicates, Paul H. Ribbe, ed. Re¬ 
views in Mineralogy, 5,381 pp, Wash- 
ington, DC: Mineralogical Society of 
America, 1980. $6. 

This book is an example of a type of 
publication that may become more com¬ 
mon as the production of texts and ref¬ 
erence books falls increasingly far behind 
current research. For several years the 
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Mineralogical Society of America has 
been conducting short, two-day courses at 
its annual meetings, the subject of each 
being an important mineral group. The 
purpose of the courses is to familiarize the 
attendees, mainly graduate students and 
college teachers, with current research as 
well as more fundamental aspects of 
minerals. The publication of written 
contributions from the lecturers has 
gradually expanded in importance, first 
being offered as Short-Course Notes and 
now as Reviews in Mineralogy. The or¬ 
thosilicates are minerals containing iso¬ 
lated or unpolymerized Si0 4 groups. This 
volume includes articles on silicate clas¬ 
sification, by F. Liebau; silicate garnets, 
by E. P. Meagher; zircon and the actinide 
orthosilicates, by J. A. Speer; titanite, 
chloritoid, staurolite, aluminum silicate 
polymorphs, topaz, and the humite min¬ 
erals, by P. H. Ribbe; and olivine and sil¬ 
icate spinels, by G. E. Brown. 

Although the authors of the articles 
usually attempt to review the basic facts 
of each mineral group, Reviews in Min¬ 
eralogy volumes do not really compete 
with texts or reference books. The cover¬ 
age is sometimes spotty, and authors at 
times dilate on themes which may be of 
little interest to the nonspecialist. The 
selection of topics in some cases may be 
dictated as much by the availability and 
willingness of suitable expert authors as 
by the requirements of a balanced treat¬ 
ment; while Orthosilicates has a chapter 
on the very rare actinide orthosilicates, 
the important epidote group, usually 
considered with the orthosilicates, is 
omitted. The overall finish is not that 
expected of a reference book, there being 
no indexes, for example. 

Despite these obvious deficiencies, 
many of which are inevitable in collections 
of this type, Orthosilicates and the other 
volumes in this series are generally suc¬ 
cessful in filling the gap between reference 
works and research papers. Their bargain 
prices put them within reach of anyone. 
The almost spontaneous generation of 
this series testifies to the need for rapid, 
low-cost publication of review collections, 
something which is not achieved by the 
usual symposium volumes.—Eric Doivty, 
Geological and Geophysical Sciences, 
Princeton University 

Optical Mineralogy: The Nonopaque 

Minerals. W. Revel! Phillips and Dana 

T. Griffon, 677 pp. W. H. Freeman, 

1981 . $ 39 . 95 . 

Descriptions of 159 relatively common 
minerals and mineral groups, well illus¬ 
trated, make up Part 1 of this book. Many 
of the descriptions, however, are not 
nearly so complete as those in A.N. and 
Horace Winchell’s volume on descriptive 
mineralogy. Part 2 is a tabulation of op¬ 
tical and physical properties of most of 
the currently known nonopaque minerals. 
The minerals are grouped according to 
op tical class and are arranged in order of 


their indices of refraction. This compila¬ 
tion will be extremely useful for the pro¬ 
fessional mineralogist but is probably too 
extensive for facile, and thus general, 
use. 

The book has a number of minor errors 
(including the misspelling of mineralogy 
in the first line of the preface) and some 
inconsistencies in data between the two 
parts. Nonetheless, it is a book that all 
serious mineralogists who use polarizing 
microscopes will want to have readily 
available for reference.— R. V. Dietrich, 
Geology, Central Michigan University 


Life Sciences 

Entomology. Cedric Gillott. 729 pp, 

Plenum, 1980, $49.50 cloth, $22,50 

paper. 

This new textbook is intended for a 
senior undergraduate course in general 
entomology. Its 24 chapters are grouped 
into four sections, on evolution and di¬ 
versity, anatomy and physiology, repro¬ 
duction and development, and ecology. 
Each chapter ends in a summary. It lacks 
a glossary, 

Because recent textbooks on this 
subject have all, in my opinion, been too 
short to offer sufficient material for a di¬ 
versity of instructors, I was encouraged to 
note that this is a large book, about 29% 
longer than even Daly, Doyen, and Ehrl¬ 
ich’s text (1978), Gillott takes a generally 
conservative approach, and his overall 
plan is quite similar to that of Romoser 
(1973). The chapters on evolution and the 
review of the orders benefit most from the 
greater length. 

The book appears thorough and accu¬ 
rate, and I have no complaint about the 
clarity of the writing. 1 do complain, 
though, about a lack of pointed focus on 
the larger questions. In my view, two 
questions should conspicuously permeate 
such a book: What is so special about in¬ 
sects? What are the burning questions in 
entomology today?. Answers to these 
questions do appear, but with little 
prominence. Rarely does Gillott come 
right out and say, in a sort' of headline 
sentence, that this is a major evolutionary 
innovation or a hot research controversy. 

, As a result, such points do not stand out 
from the mass of information. With some 
few exceptions (e.g,, insect-plant inter¬ 
actions, physiological ecology of pesti¬ 
cides), subjects are treated in a manner 
more appropriate to an Annual Review 
article, which tends to obscure the ex¬ 
citement and contemporaneity of most of 
entomology, surely a serious shortcoming 
in an undergraduate textbook. 

The choice of figures is unaccountably 
conservative, They are generally clear, and 
appropriate, but why are they limited al¬ 
most entirely to drawings? Of 257 figures 
showing whole insects or physical features 
of insects or the environment, only one is 


a photograph. If there is one thing we. 
should all have learned from Elzinga’s 
(1978) textbook, it is that photographs, 
especially SEM-graphs, can be used to 
much better effect than most of us would 
have thought, and are often much more 
suitable than drawings. 

Gillott’s research is in physiology and 
development, and it is in these areas that 
his book is strongest; his discussions of 
nervous and chemical integration, disease, 
and insecticide metabolism are especially 
useful, On evolution and ecology, his 
treatment is less illuminating and timely. 
The repeated insertion of teleological 
phrases and for-the-good-of-the-species 
arguments (e.g., "strategies employed by 
prey species to reduce the chances of their 
members being beaten”) is really no 
longer excusable and will require special 
disclaimer in the classroom. 

I must object severely to the absence of 
any serious discussion of social insects. I 
realize that Gillott lives in solidly sub¬ 
arctic Saskatoon, which has few social 
insects, but in most parts of the world 
these are a major feature of the environ¬ 
ment, and the object of one of entomolo¬ 
gy’s most productive research fields. 
Wilson’s monumental The Insect So¬ 
cieties (1971) is mentioned only once, in 
relation to termites. 

The book is an attempt by a single au¬ 
thor to cover the entire field of entomol¬ 
ogy, a subject almost as broad as all of 
biology, in a properly thorough manner. 
Can this be done? The author himself 
raises this question, and he wisely con¬ 
sulted a broad group of specialists before 
going to press. A pessimist would con¬ 
clude from Gillott’s brave effort that it 
really cannot be done and should not be 
attempted,—C. K. Starr, Entomology, 
University of Georgia 

A Natural Legacy: Ecology in Australia. 

Harry F, Recher, Daniel Lunney, Irina 

Dunn, eds. 276 pp. Pergamon Press, 

1979. $25 cloth, $12.50 paper, 

This addition to the literature of con¬ 
servation research will be invaluable to 
those actively involved with the issues of 
land-use policy in Australia; it will also 
serve a wider readership. Northern ecol¬ 
ogists can garner novel examples of fa¬ 
miliar concepts. Dedicated lay people will 
find a concise and lucid text outlining 
concepts central to conservation ecology 
in general, but with specific Australian 
case histories and an emphasis on the 
unique elements of Australian ecology. 
Beginning students are offered a short, 
well-edited text. Major concepts reappear 
in guises relevant to the diverse disci¬ 
plines of the authors. Figures and tables 
are excellent. Chapter topics are well 
chosen, covering biogeography, popula¬ 
tions and communities, ecosystems, re¬ 
serves, human impact on natural systems, f 
and planning. Most of the authors provide 
good reviews, although a few neglect ; 
contributions from recent literature. 
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Unfortunately, the text is not specifically 
referenced, but “further reading” for each 
chapter is listed at the end of the book 
along with a glossary and thorough index. 
Anyone interested in Australian ecology 
should consider owning this affordable 
book.— Pamela Parker, Ecology and 
SystematicCornell University 


Ecology and Behavior of the Manatee 
(Trichechus manatus) in Florida. 
Daniel S. Hartman. ASM Special 
Publications, 5.153 pp. Pittsburgh: The 
American Society of Mammalogists, 
1979. $10. 

Following in the footsteps of Joseph 
Curtis Moore’s pioneering work on the 
manatee in Florida in the 1950s, this 
study of the West Indian manatee is 
based on the author’s doctoral disserta¬ 
tion (Cornell University, 1971), supple¬ 
mented by later work. He concentrates on 
the behavior of the group of manatees 
that spends the winter in the warm, 
spring-fed waters of the Crystal River on 
the west central coast of Florida, one of 
the few places in Florida where manatees 
can be observed in clear water. In my 
opinion, the most important contribution 
of this book is the documentation and 
detailed description of basic manatee 
behavior patterns, 

Hartman reviews the relevant aspects 
of manatee biology and uses his field ob¬ 
servations both to extend this information 
base and to speculate about age at sexual 
maturity, calving interval, gestation pe¬ 
riod, sensory capabilities, temperature 
sensitivity, and effects of man on ma¬ 
natees. Work initiated in 1974 by the 
United States Fish and Wildlife Service 
has continued and expanded the Crystal 
River study. 

A statewide manatee carcass salvage 
program has provided solid evidence to 
support many of Hartman’s speculations, 
in particular the effects of human activity 
and cold weather. At least 40% of the 
manatee carcasses salvaged since 1971 
(over 450) had indications that death was 
caused by human activities, Over half of 
these “human-related” deaths were due 
to collisions with boats or barges. This is 
highly significant when one considers that 
the minimum estimated manatee popu¬ 
lation in Florida is 1,000 and the repro¬ 
ductive rate is very low (calving interval 
of 4-5 years). The manatee mortality rate 
(non-human-related) increases signifi¬ 
cantly during extremely cold winters, but 
the nature of the effects of cold on ma¬ 
natees has not been determined. 

The book provides a very good intro¬ 
duction to the biology of the manatee in 
Florida, but one must bear in mind that 
the situation in Florida may prove atypi¬ 
cal for the West Indian manatee, because 
Florida is at the northern end of the range 
which extends southward to northeastern 
Brazil. In addition, most of Hartman’s 
observations were carried out during the 
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winter, when the animals were concen¬ 
trated in warm water. It is not at all clear 
what these animals do during the rest of 
the year —Daniel K. Odell, Biology and 
Living Resources, Rosenstiel School of 
Marine and Atmospheric Science, Uni¬ 
versity of Miami 

Weeds, 2nd ed. Walter Conrad 

Muenscher. 586 pp. Cornell University 

Press, 1980. $32.50. 

What is a weed? According to the dic¬ 
tionary, it is “a plant growing where it is 
not wanted”; no plant is in and of itself 
necessarily a weed. Certain plants, how¬ 
ever, so consistently appear where they 
are not wanted in our gardens and culti¬ 
vated fields that they may reliably be 
called weeds. Since weeds have certain 
qualities of adaptability and survivorship 
that our cultivated plants do not have, we 
have spent enormous amounts of money 
and energy over the centuries trying to 
control them and have not won the battle, 
This reissue of the second edition of a 
book first published in 1935 describes and 
illustrates some 500 North American 
weeds and recommends nonchemical 
control methods for each one. It also has 
some interesting information about the 
general behavior of weeds (one hedge 
mustard plant can produce 500,000 seeds 
in a season). 

I would not recommend this book for 
the home gardener, for it is probably too 
comprehensive, and the organic gardening 
movement has come up with many more 
efficient methods of controlling weeds 
since the book’s publication. It is a classic, 
however, admirable for its thoroughness 
and for the author’s intimate knowledge 
of the subject. It can also sometimes be 
useful in identification because of the 
clear illustrations. The author was, and 
still is, a highly respected authority, and 
the book belongs in every science li¬ 
brary.— Lauren Brown, Coastal Planner, 
City of New Haven 

The World of the Tent-Makers: A 
Natural History of the Eastern Tent 

Caterpillar, Vincent G. Dethieri 148 pp, 
University of Massachusetts Press, 

1980, $12.50 cloth, $5.95 paper, 

This small book is both a literary gem 
and an interesting source of sound infor¬ 
mation about one of our commonest in¬ 
sects, the eastern tent caterpillar, Mala- 
cosoma americanum (F.), the familiar 
webs of which are seen in the spring on 
wild cherry, apple, peach, and plum, as 
well as on rose, birch, willow, and several 
other host plants, The author, a professor 
of zoology at the University of Massa¬ 
chusetts, has written or coauthored sub¬ 
stantial, definitive reference texts on an¬ 
imal behavior and on the physiology of 
insect senses. Among his books are several 
that are written not as factual source¬ 
books or reports on research but for re¬ 
laxed, pleasant reading; they present ac¬ 



curate, scientific facts condensed some¬ 
what into readable summaries. In this 
category are his To Know a Fly and the 
book here reviewed. 

In the late 1930s, Dethier assisted the 
Harvard physicist George W. Pierce in the 
field and in the laboratory while the latter 
was acquiring data for his book The Songs 
of Insects (1949). Dethier’s book The 
Hungry Fly: A Physiological Study of Its 
Behavior Associated with Feeding (1976) 
is an important basic contribution. 

The present book has 17 short chapters, 
each a brief description in a fictionalized 
setting of one phase in the annual life 
cycle of the eastern tent caterpillar. With 
each episode is a one-page drawing by 
Abigail Rorer representing a scene al¬ 
luded to in the chapter. Some technicali¬ 
ties, such as host preference, supercooling, 
and the toll taken by egg parasites, are 
dealt with in simple language. Some of the 
author’s earlier research, which has given 
him critical insights in regard to M. am¬ 
ericanum, concerned the structure and 
function of the antennae of lepidopternus 
larvae and chemical stimuli related to 
oviposition by hymenopterous para¬ 
sites. 

I am glad that a few of our coll eagues in 
entomology and zoology are able to write 
in technical prose and in an informal en¬ 
tertaining style. Would that more scien¬ 
tists could do the same. This fine new 
book is one that many of us will enjoy and 
recommend warmly to our lay friends.— 
Ashley B. Gurney, Retired, Systematic 
Entomology, U.S. National Museum of 
Natural History, Washington, DC 


Nocturnal Malagasy Primates. P. 

Charles-Dominique, H, M. Cooper, A. 

Hladik, C. M, Hladik, 15, Pages, G. F. 

Pariente, A. Petter-Rousseaux, J. J. 

Fetter, and A. Schilling. Communica¬ 
tion and Behavior. 215 pp. Academic 

Press, 1980. $27.50. 

For a decade the forest of Marosalaza, 
in western Madagascar, has provided the 
focal point of investigations by members 
of the French National Natural History 
Museum, Brunoy, on the ecology and 
behavior of nocturnal Malagasy lemurs. 
Long awaited as a summary statement (in 
English) of these researches, the present 
volume perhaps adds less than one might 
have hoped to material already in the lit¬ 
erature, notably in the proceedings of the 
Sixth Congress of the International Pri* 
matological Society, held in 1976. This is 
owing not so much to any dearth of as¬ 
sertions about what the animals do, as to 
a general failure to present in adequate 
detail not only the methods used to obtain 
the basic data but often also those data 
themselves. 

This notwithstanding, the book pro¬ 
vides a very useful summary of the re¬ 
searches of the Brunoy group/both in the 
field and in the laboratory, on the five 
nocturnal lemur species of Marosalaza: 


. Phaner furcifer, Microcebus coquereli, 
M. murinus, Lepilemur ruficaudatus, 
and Cheirogaleus medius. However, ref¬ 
erences to other studies of these species or 
of their congeners are sufficiently limited 
to restrict the usefulness of these reports 
as overall reviews. 

An excellent initial chapter on the 
vegetation of Marosalaza, and its pheno¬ 
logy, is followed by four field studies. Two 
of these are devoted to individual species 
(P. furcifer and M. coquereli ), one to the 
feeding strategies of the five sympatric 
nocturnal species, and one to light avail¬ 
ability under varying conditions. The re¬ 
maining chapters cover the cyclicity of 
various aspects of behavior under captive 
conditions designed to approach natural 
climatic and solar cycles as closely as 
possible, and visual learning capacities. 
The authors rightly emphasize the com¬ 
plementarity of the field and laboratory 
studies, claiming that they represent a 
“comprehensive approach to the problem 
of ecophysiology”; in practice it Is not al¬ 
ways easy, however, to sort out which 
statements are based on field and which 
on laboratory observation. This is a wel¬ 
come, if vaguely disappointing, addition 
to the literature on these little-known 
animals;— Ian Tattersall, Anthropology, 
American Museum of Natural History 


Biophysical Ecology. David M. Gates. 

611 pp. Springer-Verlag, 1980. $40. 

A physical analysis of plant and animal 
temperature based on energy budget 
concepts is the main subject of this,au¬ 
thoritative, clear, advanced textbook, 
ctimplete with illustrative problems, 
written by a person who deserves the title 
of “Mr. Biophysical Ecologist.” Chemical 
kinetics and exchanges of gases with the 
environment are also considered! , 

About half the book develops the 


for energy budget analyses. Particularly 
well done are the chapters on radiation 
laws, solar radiation, longwave radiation, 
and spectral characteristics.' Additional 
chapters on conduction and convection as 
well as evaporation prepare the,reader for 


budgets for plants and animals. Time- 
dependent (transient) states are also 
discussed. Considerable attention'is de¬ 
voted to modeling optimal leaf size, il¬ 
lustrating the methodology aiu} incisive¬ 
ness of biophysical ecology, Besides a 
physical consideration of fur, fehthers, 
and other morphological features of ani¬ 
mals, thermal relations of lizards and 
certain other animals are considered in 
some detail. 

The last two chapters, “Photosynthe¬ 
sis” and “Temperature and Organisms,” 
add breadth to the book, but neither one 
is particularly well integrated with the 
previous material. Beginning with Mi- 
chaelis-Menten type equations, models 
(equations) are developed for photosyn- 
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thesis and parameter values are consid¬ 
ered. The next chapter jumps from 
freezing of plant cells to plant growth to 
three ecosystems to temperature effects 
on insects. 

The book’s strength depends on its 
analytic approach to energy and gas ex¬ 
change of both plants and animals with 
their environment. It is well illustrated 
(163 illustrations) and presents concepts 
in a way that should be clear to advanced 
undergraduate as well as graduate stu¬ 
dents, although derivations of most 
equations are omitted. The book would 
benefit by more internal cross-referencing 
and more careful proofreading. However, 
it is an outstanding contribution to the 
literature of energy budget analyses and 
modeling approaches in autecology — 
Park S, Nobel, Biology, University of 
California, Los Angeles 


The Molecular Genetics of Develop¬ 
ment. Terrance Leighton and William 
F. Loomis, eds. 478 pp. Academic Press, 
1980. $49.50. 

Since there is little understanding of 
the molecular mechanisms of develop¬ 
ment, many of the chapters of this grad¬ 
uate-level text detail the genetic and de¬ 
velopmental experiments that may point 
toward possible molecular processes at 
work in differentiation, and describe some 


of the approaches that are currently being 
used (or that may soon be used) to gain 
some clues to the molecular processes that 
result in development, The use of the 
word “molecular” in the title is thus a bit 
of an overstatement, but this is a minor, 
quibble with a book that is a clear, short 
introduction to several of the systems in 
which genetics tells us something about 
development; it is useful also for workers 
in related fields. 

Each chapter is an up-to-date summary 
of current knowledge of the regulation of 
developmental gene expression in differ¬ 
ent model systems, written by scientists 
in the field, The systems covered range, 
from the familiar bacteriophage lambda 
and Drosophila to some not often met in 
graduate curricula, such as the prokaryote 
Caulohacter crescentus. Each system is 
introduced, described and discussed 
concisely, with valuable photographs, il¬ 
lustration, and tables, and with useful and 
extensive lists of references.— Elliot 
Meyerowitz, Biology, California Institute 
of Technology 

Principles of Genetics, 3rd ed. James W. 

Fristrom and Philip T. Spieth. 687 pp, 

Chiron Press, 1980. $21.95. 

The..arrangement of material here is 
one of two or three permutations used in 
most recent genetics textbooks. The au- 
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thors begin byjeonsidering the molecular 
nature of the gene, then Mendelian ge¬ 
netics, gene function, and, finally, 
Hardy-Weinberg proportions, quantita¬ 
tive inheritance, and evolutionary change. 
I believe concepts could be integrated 
further (why not treat dominance in 
terms of the biochemistry of gene ex¬ 
pression and introduce the Hardy- 
Weinberg distribution with Mendelian 
genetics?), but this could be said of most 
current texts. 

The strengths of the book lie in the 
clarity with which concepts (but not de¬ 
tails) are presented, its level, and a gen¬ 
erally good presentation of developmen¬ 
tal, population, and evolutionary genet¬ 
ics—as might be expected, given the ex¬ 
perience of the authors. 

Unfortunately, the book has weak¬ 
nesses as well; it especially needs more 
good illustrations and a tightened, shorter 
text. It has the fewest illustrations, par¬ 
ticularly photographs, of the ten genetics 
texts I compared. More and better illus¬ 
trations would give greater clarity and at 
the same time allow the text to be short¬ 
ened considerably. The style, which 
sometimes lapses into the looseness of a 
lecture, could be improved by careful 
editing, and I found many small but im¬ 
portant errors, particularly in the molec¬ 
ular sections. 

More substantive criticisms follow. 
Haldane’s mapping function is presented 
as an equation with inadequate explana¬ 
tion of how it was derived and an error in 
the first example of its use. A method for 
determining mutation rate in bacteria is 
presented but is not qualified by a dis¬ 
cussion of the role of selection and the 
random appearance of mutation. (Fluc¬ 
tuation analysis is not discussed.) As 
presented, the method is not likely to give 
mutation rate. The authors explain that 
excess enzyme levels are often produced, 
so as to equip organisms “to cope with 
deleterious mutations”! 

Significant omissions include lack of 
adequate discussion of the role of polyp¬ 
loidy in natural populations and in evo¬ 
lution, the evolution of domesticated 
plants and animals, crop and livestock 
breeding in general, the role of hybrid 
vigor, controlling elements in plants, 
mating type determination, and genetics 
and intelligence. A discussion of mosai¬ 
cism and fate maps would have extended 
the section on development in Drosophila 
appropriately. 

My choice of a text would probably be 
Suzuki, Griffiths, and Lewontin’s An In¬ 
troduction to Genetic Analysis (W. H. 
Freeman, 1981). However , Principles of 
Genetics has sufficient strengths to make 
me hope the authors will undertake to 
eliminate the weaknesses in a revised 
edition. Readers may wish to consult 
Nature 289:702 (19 Feb, 1981) for a 
stronger recommendation of this 
book.—Robert B. Helling, Biology, Uni¬ 
versity of Michigan 


DNA Repair and Mutagenesis in Eu- 
karyotes. W, M. Generoso, M. D. 
Shelby, F. J. de Serres, eds. Basic Life 
Sciences, 15. 458 pp. Plenum, 1980. 
$49.50. 

This volume contains 81 papers that 
formed the program of a symposium held 
in June 1979. It begins with three general 
reviews and then includes sections (with 
an accompanying summary and per¬ 
spective for each) on lower eukaryotes, 
Drosophila, mammalian somatic cells, 
mouse germ cells, and the relevance to 
human health hazard assessment. Be¬ 
cause these contributions come from 
many of the leading laboratories working 
in this field and are in the form of concise 
reviews of each group’s overall interests 
rather than detailed accounts of recent 
experiments, this volume provides an 
excellent survey and relevant references 
for the reader interested in this area. 

It is now clear that mutagenesis is much 
more complicated than the misreplication 
of DNA or the misincorporation of a DNA 
precursor, and that the molecular details 
are poorly understood in prokaryotes with 
even less being known about the eukar¬ 
yotes. The contributions in this volume 
should not be viewed as explaining these 
events in eukaryotes, but as an introduc¬ 
tion to the various systems that will be 
used in the future elucidation of the 
relation between DNA repair and muta¬ 
genesis.— IF. Dean Rupp, Therapeutic 
Radiology and Molecular Biophysics and 
Biochemistry, Yale University 


Principles of Gene Manipulation: An 
Introduction to Genetic Engineering. 
R, W. Old and S. B. Primrose. Studies 
in Microbiology, 2.138 pp. University 
of California Press, 1980. $30.75 cloth, 
$12.75 paper. 

The dear and concise presentation of 
the basic principles of genetic engineering 
will make this book easy and interesting 
reading for 1 the audience it is aimed at— 
advanced undergraduates and those al¬ 
ready doing biological research. All the 
important experimental strategies and 
techniques through 1979 are described, 
along with good examples from the liter¬ 
ature. The book’s faults—carelessness in 
figures and some mistakes in the presen. 
tation of experimental procedures—are 
only occasionally serious enough to mis¬ 
lead or confuse the reader .-GailLauer, 
Biochemistry and Molecular Biology, 
Harvard University 

Strategies for Public Health: Promot¬ 
ing Health and Preventing Disease, 
Lorenz K.Y. Ng, Devra Lee Davis, eds, 
416 pp. Van Nostrand Reinhold, 1981. 
$21.95. 

Problems of acute disease with the 
emphasis on cure are giving way to those 
of chronic disease with the emphasis on 


care. There has been a parallel resurrec¬ 
tion of the broader model of health pro¬ 
motion and disease prevention, in con¬ 
trast to the narrower medical model of 
diagnosis and treatment. The editors of 
this book emphasize chronic disease as a 
function of environment and life style as 
the major health problem. They relate 
this health problem to underlying 
health-system dilemmas of finance, cost, 
and delivery. The suggested solutions lie 
in changing the structure and organiza¬ 
tion of the systems—medical, industrial, 
environmental and others—that bear on 
health. 

This compilation of articles by many 
authors suffers less than most from lack 
of cohesion, for the central theme, “pro¬ 
moting health and preventing disease,” is 
well unified. Attacking health problems 
requires multifactorial models of pro¬ 
motion and prevention. Affecting them 
will require the expertise of epidemiolo¬ 
gists, geneticists, sociologists, immu¬ 
nologists, and economists. No longer can 
health care be concerned only with one 
patient and one physician; it must also 
deal with population, industry, govern¬ 
ment, disease, life style, occupation, and 
social, political, and physical environ¬ 
ment. 

The wide variety of topics developed by 
a large number of authors shows impor¬ 
tant qualitative differences. One of the 
major problems in medical care is the lack 
of evidence to support the physician’s 
belief in the efficacy and effectiveness of 
treatment and care. Much of the care 
provided is based on little more than 
opinion or preliminary evidence obtained 
by insufficient study. Some of the articles 
in this book illustrate this problem. Sev¬ 
eral recommend major reorganization and 
reorientation of the health care system 
without evidence demonstrating the 
purported effects. Others present data 
obtained from well-designed studies, For 
example, one by Greenwald, another by 
Stunkard, and still a third by. Punka, 
provide good evidence for health practice 
and health care system changes. 

If we are to correct the errors of the past 
we cannot fall into the same trap of pro¬ 
pounding major changes in our health 
care system without good evidence and 
without understanding the political, so- 
cial, and economic consequences. The 
Beveridge report, which served as the 
blueprint for the United Kingdom's na¬ 
tional health service, forecast elimination 
of the backlog of illness and subsequent 
financial savings as a consequence of de¬ 
creased demand for medical care. It is 
useful to recall this remarkable document, 
and its mistaken assumptions, when 
contemplating the promises of prevention 
and health promotion. After all, the 
World Organization’s definition of health, 
taken literally, can be all-consuming and 
impossible to realiz e.-Bernard S. Bloom , 
Research Medicine , University of 
Pennsylvania 


Basic Principles of Membrane 
Transport. Stanley G. Schultz. IUPAB 
Biophysics Series, 2.144 pp. Cambridge 
University Press, 1980. $22.50 cloth, 

. $8.50 paper. 

This monograph, part of a series in¬ 
tended to be a sort of graduate-level 
textbook in biophysics, achieves its pur¬ 
pose of being a unified, concise, clear, and 
accurate guide to the application of 
thermodynamic approaches to the 
t ransport of simple molecules across bio¬ 
logical membranes. A complete treatment 
of biological membrane transport would 
require perhaps four points of view: (1) 
molecular or biochemical characterization 
of transport mechanisms, (2) description 
of main types of experimental approach¬ 
es, (3) kinetic, statistical mechanical 
treatments of permeation, and (4) irre¬ 
versible thermodynamics as a framework 
for mathematical analysis. It is primarily 
the last on which the author chose to 
dwell; in some respects the book is an ex¬ 
pansion of his treatment, with P. P. Cur¬ 
ran, in Section 6, Volume 3, of the Hand¬ 
book of Physiology, 

The book lacks problems and examples, 
and its usefulness for many students may 
depend on a prior or concomitant course 
in physical chemistry. However, the list of 
references and the annotations are help¬ 
ful, and the book is an admirable one 
within its intent: the feeling I had in 
reading it was rather like that of an ac¬ 
customed outdoorsman in the brisk clar¬ 
ity of a sunny North Coast February day. 
Whether it would seem as pleasant to 
someone not yet acclimated is an open 
question, but it undoubtedly would be a 
useful integrated guide to a thermody¬ 
namic approach widely applied, particu¬ 
larly in the field of epithelial trans- 
port.—fla/ry D. Lindley, Physiology, 
School of Medicine, Case Western Re¬ 
serve University 

Adler's Physiology of the Eye: Clinical 
Application, 7th ed. Robert A. Moses, 
ed. 747 pp. C. V. Mosby, 1981, $41, 

This new edition of Adler’s Physiology 
represents an outstanding contribution to 
the fields of ophthalmology and visual 
sciences, for within its 700 pages are ex¬ 
cellent in-depth reviews and updating of 
knowledge in areas as diverse as the bio¬ 
chemistry of the lens, aqueous physiology, 
and electrical phenomena in the retina. 
Each section, written by an expert in that 
specific area, encompasses both basic 
science and medical information, as well 
as some clinical application. Pertinent 
diagrams, illustrations, and tables are 
appropriately included in most chapters. 
Each chapter is followed by an extensive 
list of references, and a General Index 
directs the reader to material throughout 
the book. A separate Biological Index 
should prove most useful. 

This bookshould be required reading 


for every eye resident, a reference source 
for every ophthalmologist, and an inval¬ 
uable orientation for the basic scientist 
whose work or interest involves any aspect 
of the broad field of visual sciences, Re¬ 
grettably, there is no material concerning 
the important field of ocular immunology, 
an omission that I trust will be corrected 
in future editions,-/, Willard Abrahams, 
Ophthalmology and Visual Science, Yale 
University School of Medicine 

Neurobiology of Cerebrospinal Fluid 

1, James H. Wood, ed, 768 pp, Plenum, 
1980.169.50. 

In the past decade the composition and 
physiologic function of the cerebrospinal 
fluid has begun to be elucidated. This 
volume reporting the results of recent 
research provides a substantive and 
scholarly contribution to neurobiology, 
covering degenerative, convulsive, cere¬ 
brovascular, immunologic, and demyeli- 
nating disorders in humans. It is thus a 
sophisticated reference text on cerebro¬ 
spinal fluid physiologic and pathologic 
processes appropriate for clinicians and 
neurobiologists. One of the major 
strengths of the contributions is the ex¬ 
tensive bibliography on each topic, 
Moreover, original data by active inves¬ 
tigators are included. Each chapter was 
critically reviewed by consultants and 
experts in the field, thus strengthening 
the value of the concepts and information 
contained in the work. 

This volume extracts the salient new 
developments in the field of cerebrospinal 
fluid pathophysiology and would be of 
value to any neurobiologist interested in 
this expanding area of neuroscience. More 
important, it provides knowledge neces¬ 
sary for the meaningful interpretation of 
data generated from cerebrospinal fluid 
analysis.— JohnP. Allen, Neurosciences, 
Peoria School of Medicine, University of 
Illinois 

Mathematics for Biomedical Appli¬ 
cations. Stanton A. Glantz. 423 pp. 

University, of California Press, ,1979. 

$29.50., 

Growing out of a course given by the 
author while he was a postdoctoral fellow 
in cardiology, this book is directed at an 
audience of physiologists , with some 
(perhaps distant) exposure to introduc¬ 
tory calculus. In spite of its title, it deals 
exclusively with differential equations. 
Following a brief introduction, the second 
chapter considers their genesis as math¬ 
ematical descriptions of dynamic, pro¬ 
cesses, which include compartment 
analysis, fluid-filled catheters, and indi¬ 
cator dilution curves, The reader is then 
taken very slowly and gently through the 
steps of solving the types of equations 
developed in the preceding chapter. After 
discussing separable and exact equations, 
the author spends over seven pages in¬ 



troducing the twin concepts of linearity 
and of transformations, before coming to 
linear differential equations (mostly with 
constant coefficients). 

Subsequent chapters deal with the 
Laplace transform, the response of linear 
systems to different inputs (including an 
elementary introduction to the unit im¬ 
pulse function), Fourier analysis, and in¬ 
troduction of numerical methods of so¬ 
lution. 

The book proceeds at a slow pace and 
assumes very little recollection of intro¬ 
ductory calculus, It should be under¬ 
standable to any member of its target 
audience who is willing to put in the 
needed effort, The main defect of the 
book is that it gives little guidance to the 
reader who wishes to go further. More 
specific objections are the superficiality 
of the section on numerical methods, and 
the discussion of linear systems without 
using matrix algebra— Mohamed el 
Lozy, Nutrition, Harvard School of 
Public Health 

Basic Hemodynamics and Its Role in 

Disease Processes. Dali F, Patel and 

Ramesh N. Vaishnav, eds. 504 pp, 

University Park Press, 1980. $57.50. 

Blood flow in arteries and mass trans¬ 
port across the vascular wall has received 
considerable attention in recent years, 
and this book summarizes the founda¬ 
tions of the theoretical and experimental 
tools in artery research, Much of the im¬ 
petus stems from the question about the 
role of hemodynamics in the formation of 
atherosclerosis. Most of the chapters are 
written in a tutorial' style, which is further 
emphasized by a detailed index, a table 
with units of measurements, and a se¬ 
lected reference list to earlier reviews. The 
presentation is lucid and well-structured, 
with equal emphasis on intuitive and on 
mathematical language. 

The first two chapters provide the 
mathematical and mechanical founda¬ 
tion, starting from elementary definitions, 
with examples taken exclusively from 
artery research. As introduction to arte¬ 
ries, the vessel wall morphology is delin¬ 
eated, and in two chapters the mechanical 
properties of arteries are discussed. The 
main features of inhomogeneity, ortho- 
tropy, and the nonlinear viscoelastic 
properties, are emphasized, and the 
mathematical formulation leans heavily 
on the incremental elasticity theory. 
Chapter 6 contains a short description of 
experiments related to the local defor¬ 
mation of cells in the arterial wall. A 
well-written chapter summarizes the 
linear and nonlinear theory of flow and 
pulse propagation, starting from first 
principles. The application of pressure 
and flow measurements in a clinical set¬ 
ting to compute hydraulic energy or ar¬ 
terial input impedance is presented in 
detail, and in the last two chapters, flow 
in collapsible tubes and mass transport 
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across the arterial wall are discussed. 

The text covers every aspect of mass 
transport in arteries. The hemodynamic 
studies should find application in clinical 
cardiology, so that this broad presenta¬ 
tion, which does not require prior knowl¬ 
edge in mathematics or mechanics, will be 
attractive to medical students and clini¬ 
cians as well as engineers.— Geert W. 
Schmid-Schoenbein, Bioengineering, 
University of California, San Diego 


Endocrine Pharmacology: Physiologi¬ 
cal Basis and Therapeutic Applica¬ 
tions. P. J. Bentley. 496 pp. Cambridge 

University Press, 1980. $75. 

Endocrinology, like the elephant in the 
fable of the blind men, can be approached 
from many directions, from molecular 
biology to demography. Bentley has 
elected to present the subject from the 
vantage point of the pharmacologist, 
certainly a defensible strategy, The result 
is an extraordinarily erudite, factually 
rich monograph which begins with a 
mini-textbook on pharmacokinetics and 
covers the whole field of endocrinology, 
with special emphasis on molecular 
mechanisms, structure-activity relation¬ 
ships, and hormone congeners, Since little 
that is emphasized by nonpharmacologist 
authors is left out, the reader gets very 
good measure indeed, In an age of 
hyperspecialization it is refreshing to see 
the application of a single intelligence to 
the problem of extracting the salt from 
the ocean of contemporary literature in 
Endocrinology. 

In general, the author has succeeded 
admirably in communicating the content 
and scope of his subject, although his 
: judgment that this book should be un¬ 
derstandable at the undergraduate level 
seems to me to be overly optimistic. It is 
full of concentrated detail, much of it very 
topical, but it is by no means easy to read 
and to assimilate. In order to appreciate 
it, most students I know would need some 
prior exposure to a more elementary ac¬ 
count of the subject. The illustrations and 
tabular material are generally very help¬ 
ful, and the bibliography is sufficiently 
detailed to permit interested readers to 
trace individual ideas back to original 
sources. This is an especially valuable 
monograph for those of us who have the 
responsibility of teaching endocrinology 
to medical and graduate students.—Jay 
Tepperman, SUNY-Upstate Medical 
Center, Syracuse, NY 



Behavioral Sciences 



Cultural Materialism. Marvin Harris. 
381 pp. Random House, 1979, $16. 
Cultural anthropology has been divided 
into two camps since World War II: ide¬ 
alists and materialists. The idealists are 
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in the majority in the United States, the 
United Kingdom, and France (the three 
major centers of anthropological inquiry), 
and their lines descend directly from the 
founding ancestors Emile Durkheim and 
Franz Boas. They believe that the aim of 
cultural anthropology is to uncover the 
laws of thought, particularly non-Western 
thought. The materialists have become 
increasingly important over the past two 
decades, with Marvin Harris an influen¬ 
tial spokesman and propagandist for their 
efforts. Materialists affirm the primacy of 
infrastructures and think that interesting 
(important) research consists in discov¬ 
ering the materialist relations that give 
rise to cultural forms. 

Harris is a radical, nondialectical, sys- 
tems-theoretic materialist. He is also a 
confirmed neologist, a self-described 
positivistic, logico-deductive, operation¬ 
alizing materialist, He believes that there 
can be no “backsliding” from objectivity 
in science, nor entertainment of the idea 
that the study of human beings is strate¬ 
gically different from the study of rocks 
or quasars, He is, in his own terms, a 
techno-demo-environmental determinist, 
who espouses not only the undoubted 
primacy of infrastructures (which pri¬ 
macy is frequently endorsed by the ide¬ 
alists) but the primacy of "etics” as af¬ 
fording the only sufficient vocabulary of 
research. “Etics” (derived from the term 
“phonetics” and contrasted with “emics,” 
derived from “phonemics”) is the analytic 
language of Western science, Harris feels, 
perhaps a trifle ethnocentrically, that this- 
language alone permits access to the 
truth, The propositions and theories of 
local peoples, peasant farmers, and 
tribesmen for example, are phrased in the 
language of “emics,” interesting and cu¬ 
rious in themselves, but never capable of 
providing a scientific explanation. Ideal¬ 
ists would agree, and counter that the 
purpose of cultural anthropology is to 
provide an interpretation, or under¬ 
standing of cultural forms, not scientific 
prediction. 

An example might clarify: Harris 
studies Aztec cannibalism to discover the 
cultural outputs of an ecological system 
that failed to provide the necessary amino 
acids to the population because of game 
shortages brought about by high popula¬ 
tion and hyperurbanization, The idealists 
study Aztec cosmology, values, religious 
beliefs, and cannibalism to understand 
and interpret the production of meanings 
in the context of Aztec symbolic life, 

Most people would say that the two 
kinds of explanation were entirely com¬ 
plementary exactly in the way that the 
physicist Thomas Blackburn discussed 
complementarity in the theory of light, 
when he juxtaposed the theories of 
Goethe and Newton, and showed how silly 
it was to see them as competing; they were 
complementaries with differences in 
scope. 

Sustaining his purist position has not 
been easy for Harris. At first he had to run 


against the tide: he was a Marxist when it 
was not comfortable to be one in America. 
Now he is attacked by the Marxists for his 
“vulgar materialism.” The idealists accuse 
him of mistaking the purpose of anthro¬ 
pology, which is to appreciate and un¬ 
derstand the diversity in humankind and 
not to treat people as duped dunces con¬ 
trolled by techno-demo-etc. forces. Per¬ 
haps for these reasons |iis style has not 
remained lighthearted over the years: now 
it has become bumptious and contuma¬ 
cious, his readings have become paranoid, 
and whimsy has turned into hectoring. 
Harris has been important in the history 
of American anthropology, and this book 
is an excellent statement of his views. But 
many of us think that discussion has 
passed on to other topics, and the re¬ 
statement of his position here does little 
to change our minds or the course of our 
subject.—Henry Selby, Anthropology, 
University of Texas 


Indian New England before the May¬ 
flower. Howard S. Russell. 284 pp. 
University Press of New England, 1980, 
$17.50. 

Books about native American tribes 
and cultures of the eastern seaboard will 
always suffer from the relatively few and 
often unsatisfactory sources on which 
they have to be based. Attempting to 
make their readers forget the shortcom¬ 
ings of the data, authors all too often ov¬ 
erinterpret their sources or draw on ma¬ 
terial scarcely or not at all relevant to the 
subject of their research, as is true of this 
book on the precontact culture of New 
England Indians. It incorporates, for ex¬ 
ample, much material on coastal North 
Carolina (annoyingly often referred to as 
Virginia), Although the title promises an 
account of native life before the May¬ 
flower, almost all the sources are later 
than 1620. 

Given the author’s longstanding inter¬ 
est in the local archaeology, one might 
have expected a better integration of ar¬ 
chaeological data. As it is, however, the 
excellent illustrations by William J. 
Fowler, made originally for the Bulletin 
of the Massachusetts Archaeological 
Society, are the major contribution of 
archaeology to this book. At the same 
time, no use is made of the few historical 
pictorial records of New England Indian 
life, nor (with a few exceptions) of eth-. 
nographic specimens. Besides the omis¬ 
sion of relevant sources and the inclusion 
of irrelevant ones, a certain lack of regard 
for time levels and lack of distinction be¬ 
tween reliable and unreliable data (e,g„ 
the use of the Oxford English Dictionary 
as the only source for the history of 
scalping) limit the value of the book. 

The volume, which suffers from trying 
to describe the whole of the culture of a 
number of culturally far from uniform 
tribes, is best where the author's profes¬ 
sional interests come into play: agricul¬ 


ture. It is in the study of domesticated 
plants in native New England that the 
book makes noteworthy and original 
contributions, which will interest even 
specialists in the field. For the nonpro¬ 
fessional reader the book may fill a gap, 
but it does not succeed in closing it com¬ 
pletely.— Christian F. Feest, Museum fur 
Vdlkerkunde, Vienna 


volume touches the empirical research 
conducted by the authors of the other 
volume is truly remarkable. 

The major obstacles for the scientific 
development of any cognitive model arise 
from the difficulty of identifying and 
falsifying a model of mental processes and 
structures using only data from observed 
stimulus-response relationships, The 



PLANNING MODELS 
FOR COLLEGES 
AND UNIVERSITIES 


Human Inference: Strategies and 
Shortcomings of Social Judgment. 
Richard Nisbett and Lee Ross. Century 
Psychology Series. 334 pp. Prentice- 
Hall, 1980. $14.95. 

Social Cognition, Inference, and At¬ 
tribution. Robert S. Wyer, Jr., and 
Donal E, Carlston. 388 pp, Halsted 
Press, 1979. $24.95/ 

Cognitive theories that use the modern 
information-processing computer as a 
metaphorical analog to the mind domi¬ 
nate experimental psychology in this 
country. The two volumes under review 
extend the cognitive hegemony to include 
human social behavior and thought, Both 
volumes focus on mental activity and 
propose models to describe the selection, 
comprehension, transformation, storage, 
and utilization of social information. 
However, although both analyses are 
uncritically cognitive, they provide vastly 
different views of mental life derived from 
different traditions within the cognitive 
empire and founded on different samples 
of relevant empirical research. 

First, consider the image of the person, 
homo algebraicus, created by Wyer and 
Carlston: a frenzied accountant who 
scrambles through a labyrinthine network 
of archives searching for figures to decode 
messages in an overflowing “in” tray and 
calculating endless sums, averages, 
products, quotients to put into the “out” 
tray. Long-term memory is crowded with 
measurement scales, figures, and alge¬ 
braic equations to operate on them. In¬ 
ference and decision are the results of 
lengthy, intricate calculations that are 
limited primarily by time, information, 
and computational power. 

On the other hand, Nisbett and Ross’s 
homo heuristicus shuffles through life, a 
slow-witted janitor carrying a heavy box 
of tools that never quite fit life’s plumb¬ 
ing. Inference and decision are dominated 
by the momentarily available, superfi¬ 
cially similar example and by naive, un¬ 
tested theories of social behavior. 

Of course, the intellectual and empiri¬ 
cal foundations of these two images are 
different. A glance at the author index 
shows that Wyer and Carlston owe a 
heavy debt to the inventors of cognitive 
algebra process models and associative 
network and schematic memory models, 
while Nisbett and Ross appear to owe it 
all to recent research on decision-making 
heuristics. Both volumes emphasize the 
citation and synthesis of the extensive 
research programs conducted by their 
authors, but the extent to which neither 


bridge between empirical data and the 
cognitive model is the greatest weakness 
of each volume. Ironically, the authors’ 
failures to build convincing empirical 
foundations for their models are reflected 
in the models themselves. Wyer and 
Carlston’s data analysis is dominated by 
calculation; I was left feeling that I un¬ 
derstood the average behavior of 96 
midwestern college sophomores but 
without knowing how any individual 
would think or act. For Nisbett and Ross, 
I was left with little systematic sense of 
understanding but with a handful of vivid 
anecdotes and experimental demonstra¬ 
tions, These vignettes ring true, but im¬ 
press me as providing insights into ex¬ 
ceptional rather than mundane situa¬ 
tions. 

1 recommend both books to anyone in¬ 
terested in modem cognitive theory. Both 
present rigorous, albeit parochial, con¬ 
ceptualizations of social cognition, and 
both provide insights into social life inside 
and outside the laboratory. The Wyer and 
Carlston volume is systematic, conserva¬ 
tive, and technical. The Nisbett and Ross 
volume is erratic, provocative, and ac¬ 
cessible.—Reid Hastie, Psychology, 
Northwestern University 

The Psychobiology of Consciousness. 

Julian M. Davidson and Richard J, 

Davidson, eds, 489 pp. Plenum Press, 

19804 32.50, 

Eighteen contributors have provided 
fifteen chapters summarizing current re¬ 
search and thought on the psychobiology 
of consciousness. Several contributors 
(Pribram; Pope and Singer; John) offer 
useful reviews of propositions they have 
developed at length elsewhere. Others 
confine their chapters to critical discus¬ 
sions of narrower experimental problems 
ranging from emotion and consciousness 
in the infant (Izard) to the psycho¬ 
physiology of meditation (Schuman). The 
volume begins with a thoughtful intro¬ 
duction by R. J. Davidson and ends with 
something of a “double-aspect” solution 
to the problem of observing conscious 
states by Globus and Franklin, In be¬ 
tween, the reader will discover informa¬ 
tive appraisals of research oh, the neuro¬ 
chemistry, electrophysiology, pharma¬ 
cology, and anatomy of emotiorf, atten¬ 
tion, memory, learning, and psycho¬ 
pathology. The specialist must not expect 
to learn anything new about his field but 
is likely to appreciate the economical 
coverage given to specialties tangential to 
his own. 

Books of this sort must often sacrifice 


David S.P, Hopkins 
William F. Massy 


This first systematic approach to fiscal and 
human resource planning in academic institu¬ 
tions shows how decision models can and 
should become an integral part of the planning 
process, Drawing on their extensive experi¬ 
ence at Stanford University, as well as the 
work of other experts, the authors describe a 
set of specific models that have proven to be 
useful in solving immediate problems and es¬ 
tablishing long-term goals—models that 
cover such diverse problems as medium- and 
long-range financial forecasting, estimating 
resource requirements and the variable costs of 
programs, and faculty appointments, promo¬ 
tions, and retirement policies. $ 29.50 

Stanford University Press 



thematic and perspectival integrity for 
coverage. The task remains the reader’s 
if a moving picture is to emerge from such 
“snapshots.” Thus, it is less than entirely 
fair to review the volume as a book, but 
more proper to examine it as a kind of 
encyclopedia or annual journal supple¬ 
ment. The most relevant question then 
becomes whether anything of funda¬ 
mental importance has been ignored or 
depreciated, By this standard the present 
volume succeeds technically, but not as 
well conceptually, Several chapters, for 
example, address aspects of the mind/ 
brain or mind/body problem, but none of 
them benefits from the long tradition of 
careful philosophical analysis of this 
problem. Thus, every chapter treating the 
issue has a jarringly impressionistic 
quality which sometimes sinks to the level 
of rank amateurism. 

Apart from the comprehensive review 
of recent scientific work, the volume’s 
major strength is its willingness to ac¬ 
knowledge that psychology’s abiding 
problems did not disappear when they 
were ignored. The phenomena of sleep, 
hypnosis, hallucination—even “tran¬ 
scendence”—are drawn back into the 
discipline and accorded the importance 
and respectibility denied them through¬ 
out most of the past half-century. 
Whether the much-needed revival of 
commitment to such phenomena will be 
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triggered by volumes like this one will 
depend oil more than scientific or philo¬ 
sophical demonstrations. But this book 
offers convincing evidence of the bounty 
awaiting those who Am—Daniel N. 
Robinson, Psychology, Georgetown 
University 


Mathematics and 
Computer Science 

Introduction to Global Analysis. Don¬ 
ald W, Kahn. Pure and Applied Math¬ 
ematics. 336 pp. Academic Press, 1980, 
$34.50. 

Global analysis is a convenient label for 
a broad area of contemporary mathe¬ 
matics which centers on the interaction 
between classical “local" analysis-ad¬ 
vanced calculus, differential equations, 
Fourier analysis—and “global” topolog¬ 
ical and geometric structure. Sample 
theorem: consider the mountainous 
landscape of the moon, represented 
mathematically by a sphere equipped 
with a very irregularly varying function on 
its surface representing altitude. Then the 
number of “peaks” (maxima) plus the 
number of “pits” (minima) minus the 
number of “passes” (saddle points) equals 
2. Maxima, minima, and saddle points are 
local notions of differential calculus; the 
stated theorem, a basic result of Morse 
theory, tells how they are constrained to 
fit together by the overall topology of the 
sphere, reflected in the characteristic 
number 2. 

Global analysis has found diverse, im¬ 
portant, sometimes controversial appli¬ 
cations, including general relativity, 
nonlinear elasticity, and mathematical 
economics, Readers of the New, York 
Times will be familiar with catastrophe 
theory (that grand and global epithet for 
what stodgier mathematicians might have 
been content to call “the study of generic 
singularities of smooth mappings”), 
whose manifold applications range from 
the stability of engineering structures to 
speculations about the mechanism of 
anorexia nervosa. 


and knows just how much to say and, 
more important, what to leave out. He has 
admirably achieved his stated objective 
of leading students and other nonexperts 
to the threshold of more technical trea¬ 
tises and current research in this ex¬ 
tremely interesting constellation of 
subjects.—Paul R. Chernoff, Department 
of Mathematics, University of Califor¬ 
nia, Berkeley 


Ideas of Space: Euclidean, Non-Euclid- 
ean, and Relativistic. Jeremy Gray. 224 
pp. Oxford University Press, 1979. 
$28.50. 

This book is a history of the concept of 
space, Part 1, about one-quarter of the 
book, concerns ancient geometry, ending 
with a discussion of Euclid’s fifth postu¬ 
late. Part 2, about half the book, deals 
with noneuclidean geometry. It ranges 
from Saccheri’s attempts to prove the 
fifth postulate through the work of Bolyai 
and Lobatchewski up to the models of 
Klein and Poincare of noneuclidean 
geometries. The concluding part treats 
the relativistic concepts of Einstein. The 
treatment is technical to the extent that 
algebraic and trigonometric manipulation 
are involved, but there is no calculus. The 
author has succeeded in giving a good 
perspective on the subject. 

The value of the book would have been 
considerably enhanced by more careful 
editing. The reader is often expected to 
follow a textual argument accompanied 
by a figure, but when the text only vaguely 
describes the figure or the figure is in¬ 
completely labeled relative to the text, the 
point of the argument is easily missed,— 
J. R, Yanstone, Mathematics, University 
of Toronto 


Richard Brauer: Collected Papers. 
Paul Fong and Warren J, Wong, eds. 
Mathematicians of Our Time, 17-19. 
Vol. 1: Theory of Algebras and Finite 
Groups. 615 pp, Vol. 2: Finite Groups. 
586 pp. Vol. 3: Finite Groups, Lie 
Groups, Number Theory, Polynomials 
and Equations; Geometry, and Biog¬ 
raphy. 689 pp. MIT Press, 1980, $165 


the only work in the field. He also began 
the systematic attempt to classify the fi¬ 
nite simple groups, a project successfully 
completed only this year. 

It is very interesting to see the devel¬ 
opment of seminal ideas in a series of pa¬ 
pers published oVer a period of years. 
These volumes will be of great value to 
anyone who works in the areas in which 
Brauer made an imprint, especially in the 
case of the theory of modular represen¬ 
tations of finite groups. The publishers 
and editors have performed a valuable 
service in making these volumes avail¬ 
able.— Walter Feit, Mathematics, Yale 
University 

The Decision Problem: Solvable Classes 
of Quantification Formulas. Burton 
Dreben and Warren D. Goldfarb. 271 
pp. Addison-Wesley, 1979. $27,50. 
First-order languages are formal lan¬ 
guages that have primitive signs (to be 
read “there exists” and “for all") for ex¬ 
istential and universal quantifiers. The 
well-formed formulas of such languages 
are called quantificational formulas. A 
class of quantificational formulas is 
solvable if there is an effective procedure 
for deciding, for any member of the class, 
whether it is satisfiable—i.e,, whether 
there is an interpretation of the predicate 
symbols in the formula for which the 
formula is true. The importance of being 
able to determine whether quantifica¬ 
tional formulas are satisfiable stems from 
the fact that any task of logical reasoning 
in any scientific area can be reformulated 
as a problem of deciding the satisfiability 
of some quantificational formula, Many 
classes of quantificational formulas are 
not solvable. This well-organized book 
gives a comprehensive treatment of the 
known solvable classes. It includes many 
new results and methods of proof that 
have appeared since the publication in 
1954 of the only other book devoted to 
this topic, Solvable Cases of the Decision 
Problem, by W. Ackermann.—M. R, 
Krom, Mathematics, University of Cal¬ 
ifornia,Davis 


There is no doubt that global analysis 
is a fascinating and important field, and 
Kahn has written a very useful introduc¬ 
tion to it, About two-thirds of his book is 
a solid treatise on the foundations of the 
subject—what every analyst, global or 
not, should know: the basics of manifolds 
and their maps, transversality, vector 
bundles, differential and integral calculus 


set. 

Richard Brauer was a mathematician 
of the first rank whose primary interest 
was in algebra, group theory, and number 
theory. The publication of his collected 
papers is indeed a welcome event. The 
editors have divided his work by subject 
matter into six sections, as indicated by 
the volume titles. 


on manifolds, and the fundamentals of 
Lie groups. The rest of the book is an in¬ 
formal survey and introduction to several 
of the central areas relevant to current 
research in global analysis, including 
chapters on infinite dimensional mani¬ 
folds, Morse theory, dynamical systems, 
and singularities and catastrophes. 

The author writes with a light touch 
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Brauer made significant contributio 
to every field in which he worked, and 1 
name is now attached to many theorei 
and concepts. Perhaps his most remar 
able achievement is the development 
the theory of modular representations 
finite groups, which he originated a: 
developed over a period of 40 years. F 
the first half of this time, his was virtua 


Spectra of Graphs: Theory and Appli¬ 
cation. Dragos M. Cvetkovifi, Michael 
Doob, Horst Sachs, Pure and Applied 
Mathematics, 368 pp, Academic Press, 
1979. $45. ' 

The field of graph theory (and, more 
generally,, combinatorics) is currently 
undergoing a remarkable period of growth 
and development. This is no doubt owing 
in large part to the increased awareness of 
the wide applicability of the concepts, 
techniques, and results of graph theory, 
not only to traditional areas of mathe¬ 
matics but also to other scientific disci¬ 
plines such as chemistry, physics, the so¬ 
cial sciences, and especially computer 
science. As a mark of this maturation, it 
will be essential that graph theory develop 


a closer symbiosis with more classical 
areas of mathematics. 

This volume is an excellent compen¬ 
dium of this kind of development, focus¬ 
ing on the rich interplay between graph 
theory and linear algebra. The authors 
give a full treatment of the known prop¬ 
erties of the spectrum of a graph, this 
being the setof eigenvalues of its adja¬ 
cency matrix. This subject has grown 
primarily from the seminal work of A, J, 
Hoffman over the past two decades and 
extends particularly strongly into mo¬ 
lecular chemistry and statistical physics. 
There are very few topics in spectral 
graph theory not covered in the book, 
which is mqde even more valuable by the 
complete bibliography (including a sub¬ 
stantial collection of Russian references). 
'The authors are to be commended for 
having produced this scholarly and timely 
book.— Ronald L Graham, Bell Labo¬ 
ratories, Murray Hill, NJ 


Introduction to Queueing Theory, 2nd 

ed. Robert B. Cooper. 347 pp, Else- 

vier/North-Holland, 1980. $29.95. 

This fairly comprehensive revision of 
an excellent text (Macmillan, 1972) re¬ 
tains the first edition’s nice balance be¬ 
tween mathematical detail and structural 
explanation. All too often, queueing works 
get carried away with elegant mathe¬ 
matics and totally forget that the ultimate 
objective of this theory is its application. 
Instead, Cooper leads us gingerly through 
the technical details and then pursues the 
models as permitted by our knowledge up 
to that point. In addition to its use as a 
possible textbook (at the upper under¬ 
graduate and lower graduate levels), the 
book could be a very useful reference to 
practitioners, particularly those in tele¬ 
traffic communications. Indeed, for a 
book of this size, there is a wealth of such 
applications suggested throughout the 
book, both in the text and as exercises 
liberally sprinkled within each section. 

To my mind, the major improvements 
of the second edition include a clearer 
exposition, the incorporation of more 
current material, the addition of a chapter 
on simulation of queues, and the place¬ 
ment of the waiting time results with the 
specific models (rather than all in a sep¬ 
arate section). This is a superb reference 
for many of the little tricks that turn the 
neophy te into a more sophisticated ana¬ 
lyst. I mean concepts like: Little’s theo¬ 
rem; Use of Stieltjies integration, imbed¬ 
ded Markov chains, basic renewal theory, 
and regenerative phenomena; general time 
vs. arrival or departure point prob¬ 
abilities; measurement of load and server 
occupancies; loss systems; and product- 
form solutions for networks of queues. ; 

In any book of this type covering an 
area as broad as queueing in fewer than 
400 pages, there are purposeful omissions, 
which are, however, bound to disturb a 
knowledgeable reader. I regret that the 


author has not, in my opinion, adequately 
covered bulk service, multi-server models 
with Poisson input and constant or Erlang 
service, the basic GI/G/1 queue, bounds 
and approximations, heavy-traffic theory, 
and statistical inference. Despite these 
omissions, the coverage is fairly adequate, 
and any instructor can easily augment a 
course with additional readings from the 
texts of Kleinrock or Gross and Harris. I 
believe this work to be a welcome addition 
to the literature and necessary in the li¬ 
brary of anyone doing serious probability 
modeling.— Carl M. Harris, Center for 
Management and Policy Research , 
Washington, DC 

Engineering and Applied 
Sciences 

Ion Implantation. J. K. Hirvonen, ed. 

Treatise on Materials Science and 

Technology, 18. 502 pp. Academic 

Press, 1980. $55. 

Advances, in materials research and 
development are often preceded by the 
development of new processing tech¬ 
niques. For this reason, I highly recom¬ 
mend this book to anyone involved in 
fundamenta} materials research or ma¬ 
terials processing, Ion implantation has 
already been established as an essential 
processing technique in the semiconduc¬ 
tor industry, and this book demonstrates 
convincingly its potential applicability to 
a wide range of other materials problems. 
The major limitation of ion implantation, 
is that it is a near-surface modification 
technique, Thus, its main practical ap¬ 
plicability is in those areas where tlie, 
materials problems have surface-specific 
origins such as corrosion, oxidation, fric¬ 
tion, wear, hardness adhesion, fatigue, 
catalysis, The major advantage of ion 
implantation is that it is a nonequilibrium 
method for introducing selected dopants 
into solids in a precise, controlled fashion 
that is independent of many of the ther¬ 
modynamic constraints that limit normal 
materials preparation techniques. Con¬ 
sequently, new and often unique alter¬ 
ations of surface properties are reported 
for practically every system studied in the 
eleven chapters of this book. 

The book is particularly well written for 
a collection of review articles. The authors 
are all internationally known experts, 
actively involved in the areas of research 
covered, and, in general, there is an en¬ 
thusiasm running through the various, 
chapters which stems from the belief that 
this technique will contribute signifi¬ 
cantly in the long term. Since the appli¬ 
cation of ion implantation is fairly new to; 
most of the areas discussed, the coverage 
deals mainly with fundamental studies of 
the mechanisms contributing to the ob¬ 
served alterations of surface properties. 
This emphasis provides an ideal per¬ 
spective for the scientist or technologist 


who needs to assess the applicability of 
ion implantation for his particular mate¬ 
rials problems. In addition, several spe¬ 
cific applications to current technological 
problems are presented that verify the 
expectations for this technique. The one 
unfortunate, but understandable, limi¬ 
tation of the book is that its scope is re¬ 
stricted to ion implantation as the main 
surface-modification technique, Equally 
impressive results are being achieved by 
laser and electron beam processing, of 
surfaces, and it is often the combination 
of ion implantatiop and these other 
techniques that produces the most im¬ 
pressive results. 

This book presents timely coverage of 
an area which every materials scientist 
should make an effort to understand. Ion 
implantation is already a household word 
in semiconductor technology, and its 
utility is rapidly being recognized in many 
other areas of materials development and 
processing. The worth of this book will be 
not so much as a standard reference but 
as a source of ideas for future directions 
of research and development.— B. R. 
Appleton, Solid State Division, Oak 
Ridge National Laboratory 

Wind Engineering, Vols. 1 & 2, J. E. 

Cermak, ed, 1444 pp. Pergamon Press, 

1980. $200 set. 

This is a two-volume collection of well 
over 100 papers, presented at the Fifth 
International Conference on Wind Engi¬ 
neering, held July 1979 in Fort‘Collins, 
Colorado, The papers cover many aspects 
of wind, including its physical properties, 
mathematical modeling, effects on. many 
sorts of structures, and various applica¬ 
tions. 

Perhaps the flavor of the conference 
can be conveyed by quoting briefly from 
the introduction, to one of the sessions 
given by A, G. Davenport, He cited an 
imaginary conversation, tape-recorded in 
a howling storm at Cape Race, New¬ 
foundland, a notoriously windy promon¬ 
tory. Present were Monsieur, Gustaf Eif¬ 
fel, Dr, Ventus Explorator, and Mr. In¬ 
genius Constructus. Bits of the conver¬ 
sation follow. 1 

Eiffel: “Why is it the volumes of the 
papers increase in number all the time? If 
you are finding solutions to the problems 
of wind the size should decrease.” " 

Explorator: "You are sadly out of touch 
with the,.problems. The difficulties are, 
increasing and so must the papers..! ,have < 
only had time to read the abstracts, but 
there are obviously several, theories I 
strongly disagree with, and some mistakes 
in the experiments. I plan to correct these 
when I receive my next research grant.” 

, Constructus: “I couldn’t see the point 
of some of the papers, I don’t have time to 
follow all that theoretical stuff. I have to 
get the job done. Your theories are far too 
complicated. We want something simple, 
safe, and economical, with clear-cut 
rules." 
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Rach- of these viewpoints is represented 
among the many papers ,—Wl J. Cun¬ 
ningham, Engineering and Applied 
Science, Yale University 

Energy Options: Real Economics and 

the Solar-Hydrogen System, J. O’M. 

Bockris, 441 pp, Halsted Press, 1980. 

$32.95. 

Part of the subtitle, The Solar-Hy¬ 
drogen System, describes the primary 
thrust of this book, although other main 
energy sources (fluidization of coal, fis¬ 
sion, and fusion) are also included. While 
the overall choice of subjects, which in¬ 
cludes chapters on “Times pf Exhaustion 
of the Fossil Fuels” and “The Time 
Needed to Realize a Major Technological 
Change,” is to be commended, the objec¬ 
tivity with which some material is pre¬ 
sented is highly questionable. This is most 
noticeable in the chapter dealing with 
fission, which is plagued: by factual errors 
and misconceptions. The foljpwing are a 
few examples: the concentration of, 235 U 
in natural uranium (U, noj. Hr) is 0,71% 
(not 0.3%); nuclear reactors use natural or 
enriched uranium as a metal, alloy, or 
oxide (but not ore); and LOCA (Loss of 
Coolant Accident) causes heat to be gen¬ 
erated at a rate faster than it can be re¬ 
moved, which can lead to severe interac¬ 
tions between the fuel and its contain¬ 
ment, resulting in the release of radioac¬ 
tive material (but not a nuclear explo¬ 
sion). 

I have the impression that the book was 
written hurriedly without the benefit of 
review or editing; numerous typographical 
errors and rash statements affect the 
credibility of the whole book. As indicated 
in the Preface, the book is intended pri¬ 
marily for engineers and scientists and, 
above all, for technocrats. Because the 
book is prejudiced against all energy op¬ 
tions except one, solar, the reader will 
undoubtedly have to devote much time 
and effort to sorting out the factual in¬ 
formation.— C. E. Bamberger, Oak Ridge 
National Laboratory 


Energy and Combustion Science; Stri¬ 
dent Edition 1. N, A. Chigier, ed. 324 
pp. Pergamon Press, 1979. $30 cloth, 
$12.50 paper. 

Despite recent steep increases in the 
cost of high-grade fuels, doubts about the 
economic viability and even safety of al¬ 
ternate energy sources would appear to 
ensure the continued dominance of fossil 
fuel combustion as an energy source, and 
increased attention to more efficient and 
environmentally acceptable combustion 
techniques. The subject of combustion is 
inherently interdisciplinary. and now 
comprises an important part of many 
engineering (mechanical, aeronautical, 
chemical) and sciehce (chemistry and 
applied physics) curricula, at the under¬ 
graduate level ap^J especially at the 
graduate level. Yet'anyone who attempts 
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to teach a coherent course in combustion 
immediately encounters the formidable 
problems of textbook and background- 
reading selection, 

Whatever one’s orientation, however, 
the present paperback volume 'is a very 
welcome solution to the background¬ 
reading problem—providing, as it does, 
an accessible and economical collection of 
14 definitive review articles and up-to- 
date ' bibliographies. The articles cover 
Introductions to the field (2), pollutant 
production (3), gaseous fuel combustion 
(2), fuel oil combustion (3), cdal combus¬ 
tion (1), and internal combustion in en¬ 
gines (3),'Bach paper was prepared by a 
recognized researcher, originally for the 
quarterly journal Progress in Energy and 
'Combustion Science. Every serious stu¬ 
dent, teacher, dnd practitioner of com¬ 
bustion will find this compendium a 
convenient' : source of up-to-date infor¬ 
mation, and a useful entree into the more _ 
specialized research literature,—Daniel 
E. Rosner, Engineering and Applied 
Science, Yale University 


Energy for the Year 2000. Richard 

Wilson, ed, 401 pp. Plenum, 1980. 

$42.50. 

Providing adequate energy for the 
United States and (he world through the 
year 2000 is'a topic that has intrigued artd 
challenged many thoughtful persons in 
recent years, This book addresses the 
issue with considerable skill and success, 
through the publication of a series of lec¬ 
tures from a workshop on energy, “The 
Third International School on Energet¬ 
ics,” held in Sicily in 1979, Ten lecturers, 
all energy specialists, examine a wide 
range of energy sources with clarity and 
thoroughness. The most attention, per¬ 
haps rightfully, is given to energy from 
solar, Coal, and nuclear sources. Side ex¬ 
cursions are made into wave power and 
electricity storage. An overview of energy 
policy and strategy is accomplished 
throiigh separate reviews by Chauncey 
Starr; former president of EPRI, and by 
the editor. The latter review is based 
heavily on the scenarios developed in the 
National Academy of Sciences cdftAES 
(Committee on Nuclear and Alternative 
Energy Systems) study. Starr and Wilson 
both correctly Identify the amelioration 
of the imported-oil vulnerability problem 
as a crucial issue. Although solar energy 
is addressed exhaustively (105 paps), the 


Erratum 

The heading for the review of 
Tdotli and Claw: Defensive Strate¬ 
gies in the Animal World, by J. L. 
Cloudsley-Thompson, on p. 333 of 
the May 1981 issue, should have in¬ 
cluded the following information: 252 
pp, Totowa, NJ; Bibliographic Dis¬ 
tribution Centre, 1980, $22.50. - 


spokesman can find little about which to 
be optimistic (but not for want of 
trying). 

The discussion on energy from coal is 
particularly notable because the author, 
a German specialist, calls attention to the 
tremendous production of synftiels in 
Germany during World War II; these past 
accomplishments should serve as an in¬ 
spiration to those in the United Slaj.es 
who are trying to nurture an infant’syn- 
fuels industry. Advanced methods of mil 
combustion are also reviewed. 

In his definitive review of breeder re¬ 
actors, Walter Marshall of Great Britain 
points out that with the use of light water 
reactors, and no recycle (as is largely the 
case in the world today), the amount of 
plutonium worldwide continues to grow. 
But if breeders were employed, plutonium 
would be burned continuously, and the 
world plutonium level would stabilize at 
an amount necessary to support the re¬ 
actor establishment; no further growth in 
the amount of plutonium would occur. 
Thus he concludes that breeders can 
make a positive contribution to reducing 
the threat of proliferation. 

The book has both a limitation aiid a 
flaw. The limitation is that although all 
the necessary ingredients are there, the 
case would be more persuasive if it wen? 
more cohesive. It is an excellent collection 
of authoritative presentations but some¬ 
what uneven in style and depth, The flaw 
is the evident lack of careful proofreading, 
leaving dozens of misspelled words and 
typographical errors. This is, of course, 
just annoying and not really harmful. As 
an objective presentation of the energy 
picture with little or no special pleading, 

the book is refreshing and thorough.. 

Robert S. Livingston, Program Planning 
and Analysis, Oak Ridge National Lab¬ 
oratory 


History and Philosophy of 
Science 

Body and Mind: Past, Present, and Fu¬ 
ture. R. W. Richer, ed. 261 pp. Aca¬ 
demic Press, 1980.$ 19.8(). 

Man Adapting, Silliman Lectures and 
1978 Esselstyn Lecture, with a new 
chapter.by the author. Rent) Dubes. 5118 
pp. Yale University Press, 1980. $30 
cloth, $7.95 paper. 

We are atill trouhled by the relationship 
between body and mind. Something 
about thinking suggests that it is a process 
qualitatively distinct from the bin- 
chemico-physico nature of the thinker. 
This distinction is engagingly explored 
from a variety of viewpoints in the book 
edited by Rieber, In the opening- chapter, 
HankolT explores the concept of mind in 
ancient Israeli and Egyptian societies. 
The heart, as the organ of feeling and 
thought, was elaborately mummified; the 
brain was probably discarded. Wilson's 


contribution describes the historical 
framework of Descartes's ideas, particu¬ 
larly the influence of geometry as a model 
system. Her essay would make a superb 
introduction to this area for the nonspe- 
cialist. An alternative to Cartesian dual¬ 
ism is the sort of reductive monism ex¬ 
emplified here by Kinsbourne’s essay, 
“Brain-based Limitations on Mind," an 
example of the neuropsychological ap¬ 
proach. If the body-mind problem has got 
you down) try Bakan’s chapter—a good 
antidote for anomie. 

Psychosomatic medicine is considered 
by Dubos in this volume adapted from his 
Silliman Foundation lectures, “designed 
to illustrate the presence and providence 
of God as manifested in the natural and 
moral world.” Dubos argues convincingly 
that the schism between the physician as 
source of comfort and as biotechnology 
expert is narrowing. This annealing is the 
result of new findings on the effects of the 
external world upon the internal workings 
of the brain. The stance seems a some¬ 
what curious one for this celebrator of 
human complexity and adaptability. The 
new material which promoted the reissue 
of Man Adapting constitutes only a short 
portion of the book. For readers wishing 
acquaintance with the Dubosian world 
view, this volume can be recom¬ 
mended.—Darcy B. Kelley, Psychology, 
Princeton University 


Galileo and the Art of Reasoning: 
Rhetorical Foundations of Logic and 
Scientific Method. Maurice A. Finoc- 
chiaro. Boston Studies in the Philoso¬ 
phy of Science, 61.478 pp. D. Reidel, 
1980. $40 paper. 

Four themes of “general interest and 
relevance” in Galileo’s Dialogue—logical 
reasoning, rhetorical persuasion, philo¬ 
sophical reflection, and scientific inves¬ 
tigation—constitute for the author of this 
book essential features of scientific ra¬ 
tionality. He notes three ways the issue of 
rationality has been approached: by con¬ 
sidering the history and evolution of 
scienfific change, by examining the cri¬ 
teria of progress and of change m the 
paradigms of science, and by looking at 
the rationality of* scientists themselves. 
Respectively, these correspond to the 
history, epistemology, and psychology of 
science. 

Finocchiaro’s own approach to the 
study of scientific rationality appeals to 
“the concepts of argument and reasoning 
of elementary logic” actually employed by 
scientists (particularly by Galileo) rather 
than to “philosophically articulated the¬ 
ories of scientific rationality.” Later he 
adds: “Logical analysis [is] crucial for the 
understanding of scientific rationality per 
se," What does “per se” mean here? If it 
means “rationality independent of rhe¬ 
torical or philosophical considerations,” 
then the author is simply begging the 
question, since the very question at issue 
is whether in fact scientific rationality can 


be isolated from such considerations! 

He concludes that scientific rationality 
must lie informed by a broadly conceived 
historical approach, modeled after rea¬ 
soning as it “actually occurs in the 
world”—that is, in the writings of repre¬ 
sentative scientists. However, the extent 
to which Galileo is a typical scientist and 
his Dialogue a typical scientific work is 
surely debatable. Finocchiaro never pro¬ 
vides any other examples of scientific 
reasoning. In addition, it is doubtful not 
only whether any example of scientific 
reasoning could ever simultaneously sat¬ 
isfy these requirements but whether it is 
any longer desirable or expected that they 
should. To say that the personal, rheto¬ 
rical, and argumentative style of Galileo’s 
Dialogue should constitute a model of 
scientific reasoning will not persuade 
most practicing scientists, given that the 
modes and styles of reporting in the sci¬ 
entific community today are not those of 
the 17th century. This latter point is of 
course arguable. In any case, it is not suf¬ 
ficient simply to hold up a Galileo (or an 
Aristotle or a Darwin) and, in effect, as¬ 
sert: “This is how science ought to pro¬ 
ceed!”— Paul Tibbetts, Philosophy, 
University of Dayton 


Joseph Nicollet and His Map. Martha 

Loderaan Bray, 300 pp. The American 

Philosophical Society, 1980. [With 

map.] $15. 

The scientific career of Joseph Nicollet 
(1786-1843) is very kindly and carefully 
recreated in this biography. Forced to 
immigrate to the United States when he 
went bankrupt in France, Nicollet made 
many friends and found support for his 
almost constant travel to survey the 
southern and western parts of the un¬ 
charted American lands, Always sympa¬ 
thetic and understanding of the Indians 
and others that he met, he demonstrated 
a great ability to learn the science and 
technology needed to collect data for 
making a map of the previously unsur¬ 
veyed land surrounding the Upper Mis¬ 
sissippi River. This map and his report 
were published in 1843 and 1845 by the 
Senate and House of Representatives, His 
work, the “observations that had united 
all his senses and his intelligence in an 
effort to understand the phenomena of a 
new landscape,” left a legacy for all of us 
to, admire, but it also shortened his life 
because of the many deprivations he suf¬ 
fered on his forays into the American 
wilderness, 

The problems Nicollet encountered to 
make this unique and outstanding map, 
which served to strengthen American in¬ 
terests in the western half of the conti¬ 
nent, were related to transportation, fi¬ 
nances, proper instruments, support staff, 
proper food and lodging, and, early in his 
travels, lack of technical knowledge. All of 
these difficulties were surmounted in his 
expeditions of 1838 and 1839, which cul¬ 
minated in the fine map, a copy of which 


is supplied with this book.™ Audrey B. 
Davis, Curator, Medical Sciences, 
Smithsonian Institution 


Western Reserve’s Experiment in 

Medical Education and Its Outcome. 

Greer Williams, 523 pp. Oxford Uni¬ 
versity Press, 1980. $25. 

This ambitious attempt to chronicle 
extensive changes in the style of medical 
teaching at Western Reserve University 
between 1952 and 1977 is a thicket of 
names, dates, quotes, and reports about 
reports. Who will trek through the 
thicket? Maybe some deans or some 
members of medical school curriculum 
committees. But I doubt if many will 
complete the safari. 

Those who do, like students of anato¬ 
my, will learn multitudes of facts. Pre : 
ceding the debut of the curriculum were 
seven years of planning by a group who 
wanted an educational environment un¬ 
like that of their student days. The 
classroom orations of department-cen¬ 
tered authorities would be replaced with 
student-focused, problem-solving ap¬ 
proaches, coordinated by teams of basic 
scientists and clinicians committed to a 
new order of collaborative and integrative 
teaching. 

'Innovative features in Phase 1 included 
subject and systems correlation of the 
biomedical sciences, clinical science pre¬ 
sentations, scheduled time and faculty 
tutors for research projects, and elaborate 
patterns of interim and final examina¬ 
tions. Phase 2 was an integrated approach 
to teaching pathology, pharmacology, and 
principles of diagnosis, whereas Phase 3 
focused on the care of hospitalized, am¬ 
bulatory, and home-care patient's. At¬ 
tention is given to planning, implemen¬ 
tation, and evaluative reactions of both 
faculty and students, 

Reactions to the new curriculum were 
intense, eventually leading to major re¬ 
visions and the adoption of another “new” 
curriculum in 1968. The one-man admis¬ 
sions committee, the influence of the 
primary care movement, the paradoxes 
associated with national board examina¬ 
tions—these and other subjects add some 
spice, but mostly more detail. Gluing the 
chronicle together are layers of moralisms 
and clusters of historical 

. The preparation of the book was sup¬ 
ported with the hope that it would be 
“objective, accurate, critical, and read-, 
able.” The mountains of data seem to be 
accurate, and the story is told with some 
objectivity. Although checkered with the 
author’s opinions, the book lacks the 
critical interpretations and explanations 
of a professional historian. Still we must 
. be grateful for the industriousness ex¬ 
hibited and acknowledge the volume’s 
importance to any student of the'history 
of medical education in the United 
, States, -Chester R. Burns, Institute for 
the Medical Humanities, University of 
Texas Medical Branch at Galveston 
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Levitt, Robert A. Physiological Psychol¬ 
ogy, 594 pp. Holt, Rinehart and Win¬ 
ston. No price given. 

Mackinnon, G. E„ & T. Gary Waller, eds. 
Reading Research: Advances in 
Theory and Practice, Vol. 2,233 pp. 
Academic Press. $22. 

Marsella, Anthony J., & Paul B. Pedersen, 
eds. Cross-Cultural Counseling and 
Psychotherapy. General Psychology, 
93,358 pp. Pergamon Press. $29.50, 
Ohuche, R. Ogbonna, & Barnabas Otaala, 
eds. The African Child and His Envi¬ 
ronment. UNEP Studies, 3.97 pp. 
Pergamon Press; $15. 

Petty, Richard E, Thomas M. Ostrom, 
Timothy C. Brock, eds. Cognitive Re¬ 
sponses in Persuasion. 476 pp. Law¬ 
rence Erlbaum. $29.95, 

Polich, J. Michael, David J. Armor, Har¬ 
riet B. Braiker. The Course of Alco¬ 
holism: Four Years after Treatment. 
Personality Processes. 334 pp. Wiley- 
Interscience. $27.60. ' 

Rabin, A. I„ et al., eds. Further Explora¬ 
tions in Personality. Series on Per¬ 
sonality Processes. 281 pp. Wiley-In- 
terscience, $24.50. 


coin, Jane Menken, eds. Teenage Sex- Rubin, Jeffrey, ed. Dynamics of Third 


uality, Pregnancy, and Childbearing. 
423 pp. University of Pennsylvania 
Press. No price given. ■ 


Stokes, Bruce, Helping Ourselves: Local Geyer, R. Felix. Alienation Theories: 


Solutions to Global Problems, World- 
watch Institute Book. 160 pp. W. W. 
Norton. $4.95 paper. 

Ural, Oktay, ed. Energy Resources and 
Conservation Related to Built Envi- 


General Systems Approach, Systems 
Science and World Order Library. 201 
pp. Pergamon Press. $46 cloth, $22,50 
paper. 

Ghiselll, Edwin E., John P. Campbell, 


Party Intervention: Kissinger in the 
Middle Eas t, 303 pp. Praeger. No price 
given. 

Sales, Bruce Dennis, ed, The Trial Pro¬ 
cess. Perspectives in Law & Psycholo- 
gy, 2.506 pp. Plenum. $39.50. 

Schwartz, Steven, & James H. Johnson. 
Psychopathology of Childhood: A 
Clinical-Experimental Approach . Gen¬ 


eral Psychology. 422 pp. Pergamon 
Press. $19,50. 

Spiegel, Rene, ed. Sleep and Sleepless¬ 
ness in Advanced Age.. Advances in 
Sleep Research, 5.272 pp. SP Medical 
& Scientific. $35. 

Spiro, Rand J., Bertram C. Bruce, Wil¬ 
liam F. Brewer, eds. Theoretical Issues 
in Reading Comprehension: Perspec¬ 
tives from Cognitive Psychology, Lin¬ 
guistics, Artificial Intelligence, and 
Education. 586 pp. Lawrence Erlbaum, 
1980. $19.95. 

Springer, Sally P., & Georg Deutsch. Left 
Brain, Right Brain. 243 pp. W. H, 
Freeman. $15.95 cloth, $7.95 paper. 

Turner, Samuel M., Karen S. Calhoun, 
Henry E. Adams, eds. Handbook of 
Clinical Behavior Therapy, Series on 
Personality Processes. 765 pp. Wiley- 
Interscience. $31.50. 

Wierzbicka, Anna. Lingua Mentalis: The 
Semantics of Natural Language. 367 
pp. Academic Press, 1980, $54. 

Wingfield, Arthur, & Dennis L. Byrnes. 
The Psychology of Human Memory. 
429 pp. Academic Press. $10.95 
paper. 


Mathematics and 
Computer Science 

Arya, Jagdish C,, & Robin W. Lardner. 
Mathematical Analysis for Business 
and Economics. 641 pp, Prentice-Hall. 
$21.95. 

Basso, David T., & Ronald D. Schwartz. 
Programming with FORTRAN/ 
WATFOR/WATFIV. Winthrop Com¬ 
puter Systems. Series. 407 pp. Pren¬ 
tice-Hpll. $12,95 paper. 

Bork, Alfred, ed. Computer Assisted 
Learning in Physics Education, Vol. 4. 
80 pp. Pergamon Press, 1980. $23.50: 
Brillinger, David ,R. Time Series: Data 
Analysis and Theory, 2nd ed. Time 
Series Analysis. 540 pp. Holden-Day. 
$25. 

Fuori, Willidm M. Introduction to the 
Computer: Tfie Tool of Business, 3rd 
ed. 621 pp. Prentice-Hall. $18.95, 
Gabbay, Dov M. Semantical Investiga¬ 
tions in Heyting’s Intuitionistic Logic. 
Syntliese Library, 48.287 pp. D. Reiael. 

: $52.50. 

Gordcin, V. O:, & M, A. Sementsov-Or- 
gievskii. A Course in Descriptive Ge¬ 
ometry. Trans. Leonid Levant. 376 pp, 
... Moscow:MIR, 1980.$10. 

Graham, RongldL. Rudiments of Ramsey 
Theory. Regional Conference Series in 
Mathematics, 45, 65 pp. American 
Mathematical Society. Paper, no price 
given. 

Grossman, Stanley I. Calculus, Part 1: 
The Calculus of One Variable. 667 pp. 
Academic Press, $18.95, 

Huber, Peter J. Robust Statistics. Prob¬ 
ability and Mathematical Statistics. 
308 pp. Wiley. $28.95. 

Inmon, William H. Effective Data Base 
Design, Series in Data Processing 
Management. 228 pp. Prentice-Hall. 
$24.96. 

Kraft,' George D., & Wing N. Toy. Mi¬ 
croprogrammed Control and Reliable 
Design of Small Computers. 428 pp. 
Prentice-Hall. $21.95. 

Kulisch, Ulrich W., & Willard L. Miran- 


ker, Computer Arithmetic in Theory 
and Practice. Computer Science and 
Applied Mathematics. 249 pp. Aca¬ 
demic Press. $25, 

Larsen, Richard J,, & Morris L. Marx. An 
Introduction to Mathematical Sta¬ 
tistics and Its Applications. 536 pp. 
Prentice-Hall. $22.95. 

Lykos, Peter, ed. Personal Computers in 
Chemistry. 262 pp. Wiley-Interscience. 
$27.50. 

McClure, Carma L. Managing Software 
Development and Maintenance. 203 
pp. Van Nostrand Reinhold. $16.95. 
Marsden, Jerrold, E., & Anthony J, 
Tromba, Vector 'Calculus, 2nd ed. 591 
pp. W, H, Freeman. $22.95. 

Mehlmann, Marilyn. When People Use 
Computers: An Approach to Devel¬ 
oping an Interface. Software Series. 
142 pp; Prentice-Hall. $15, 

Mueller, Franbis J. Elements of Algebra, 
3rd ed, 462 pp. Prentice-Hall. $16.95. 
Nickerson, Robert C. Fundamentals of 
Programming in BASIC. 400 pp. 
Winthrop. Paper, no price given. 

Onoe, Morio, Kendall Preston, Jr., Azriel 
Rosenfeld, eds. Real-Time/Parallel 
Computing: Image Analysis, 397 pp. 
Plenum. $45. 

Popkin, Gary S. Introductory Structured 
COBOL Programming. 471 pp. Van 
Nostrand Reinhold. $18.95. 

Sauer, Charles H;, & K. Mani Chandy. 
Computer Systems Performance 
M'odeling. 352 pp. Prentice-Hall. 
$18.95. 

Schaeffer, Howard. Data Center Opera¬ 
tions: A t Guide to Effective Planning , 
Processing, and Performance. 474 pp. 
Prentice-Hall. $29.95. 

Schaiik, Roger C,, & Christopher K. 
Riesbeck, eds . Inside Computer Un¬ 
derstanding: Five Programs Plus Mi¬ 
niatures. Artificial Intelligence. 386 pp. 
Lawrence Erlbaupi. $29.95. 
Schumaker, Larry, L. Spline Functions: 
Basic Theory. Pure and Applied 
Mathematics. 553 pp. Wiley-Inter- 
sciehce, No price given. 

Serfling, Robert J. ApproximationThe- 
o rents of Mathematical Statistics. 
Probability and Mathematical Statis¬ 
tics. 371 pp. Wiley, 1980. $34.95. ( 
Silver, Howard A. Intermediate Algebra. 

433 pp; Prentice-Hall, $18.95, 

Spencer, Donald D, Computer Dictionary 
for Everyone. 191pp. Scribner’s, 1979, 
$5.95 paper, 

Spiegel,.Murray R. Applied Differential 
Equations, 3rd ed. 654 pp. Prentice- 
Hall. $21.95, 

Swamv, M. N. S., & K, Thulasiraman, 
Graphs, Networks, and Algorithms. 
592 pp. Wiley-Interscience. $37.50. 
Tanenbaum, AndrewS, Computer Net¬ 
works ; 517 pp. Prentice-Hall. $28,99. 
Tenenbatim,, Aaron M., & Moshe J. Au- 
genstein, Data Structures Using 
PASCAL. Software Series. 545 pp. 
Prentice-Hall. $23.95, 

Treves, Francois. Introduction to Pseu¬ 
dodifferential and. Fourier Integral 
Operators,V ol. 1: Pseudodifferential 
Operators. 299 pp. $29.95. Vol. 2; 
Fourier Integral Operators. 649 pp. 
$35. University Series in Mathematics. 
Plenum, 1980. 

Van Tassel, Dennie. BASIC-Pack Sta¬ 
tistics Programs for Small Computers. 
Series in Personal Computing. 230 pp. 


Prentice-Hall. $16.95 paper. 
Woodhouse, Nicholas. Geometric Quan¬ 
tization, Mathematical Monographs. 
316 pp. Oxford University Press, 1980, 
$74. 

Zeev, Schuss. Theory and Applications 
of Stochastic Differential Equations. 
Probability and Mathematical Statis¬ 
tics. 321 pp. Wiley, 1980, $25,95. 


Engineering and Applied 
Sciences 

Barrett, C. S., & T. B, Massalski, Struc¬ 
ture of Metals: Crystallographic 
Methods, Principles, and Data, 3rd ed, 
International Series on Materials 
Science and Technology, 35, 654 pp. 
Pergamon Press, 1980. $20 paper. 

Blanchard, Benjamin S. Logistics Engi¬ 
neering and Management, 2nd ed. In- 
ternatiohal Series in Industrial and 
Systems Engineering. 436 pp. Pren- 
tice-Hall. $25.95., 

Cartwright, Richard M. The Design of 
Urban Space, 163 pp. Halsted Press, 
i960. $44.95. 

Chow, Ven Te, ed. Advances in Hydro- 
kience, Vol. 12. 440 pp. Academic 
Press, $51. 

Cooler, Anthony R., ed. Ultrafiltration 
Membranes and Applications. Poly¬ 
mer Science and Technology, 13. 707 
pp. Plenum, 1980. $75. 

Gravis, Howard. Communications Net¬ 
work Analysis, Arthur D. Little Books. 
144 pp. Lexington Books $19.95. 

Crouch, T, Matrix Methods Applied to 
Engineering Rigid Body Mechanics. 

' 339 pp. Pergamon Press. $45 cloth, $18 
paper. 

Dhillon, B. S., & Chanan Singh. Engi¬ 
neering Reliability: New Techniques 
and Applications. 339 pp. Wiley-In- 
terscience. $36.95. 

DuBois, J. Harry, & Frederick W. John. 
Plastics, 6th ed. 461 pp. Van Nostrand 
Reinhold. \ 

Fromhold Albert Thomas, Jr. Quantum 

: Mechanics for Applied Physics and 
Engineering. 430 pp. Academic Press. 

. $34.50. 

Gabel, Robert A., & Richard A, Roberts. 
Signals and Linear Systems, 2nd ed. 
492 pp. Wiley, 1980. $29,95. 

Gee, Sherman. Technology _ Transfer, 
Innovation, and International Com¬ 
petitiveness: 228 _ pp, Wiley-Inter¬ 
science. No price given. 

Glasstone, Samuel, & Alexander Se- 
sonsk e. Nuclear Reactor Engineering, 
3rd ed. 805 pp. Van Nostrand Reinhold. 
$39.50. ; . 

Golany, Gideon, ed. Housing in Arid 
Lands: Designs and Planning, 257 pp. 
Halsted Press, 1980. $104.95; 

Gralla, Edward J., ed, Scientific Consid¬ 
erations in Monitoring and Evaluating 
Toxicological Research, CUT Series. 
221 pp, Hemisphere/McGraw-Hill. 
$24.50. 

Hafele, W., & Kirchmayer, L. K., eds. 
Modeling of Large-Scale Energy Sys¬ 
tems. IIASA Proceedings, 12.461 pp. 
Pergamon Press. $72. 

Hanes, H. D., D. A. Seifert, C. R. Watts. 
Hot Isostatic Processing. 98 pp. Bat- 
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telle Tress/Van Nostrand Reinhold, merit for Engineers and Scientists. 275 
1979. $31. . • PP. Wiley. $17.95, 

Holtz, Robert D., & William D. Kovacs. ____ 

An Introduction to Geotechnical En- t , 

gineering. Civil Engineering and En- History and Philosophy 01 

gineering Mechanics. 733 pp. Pren- Sripnf.p 

Ice-Hall. $28.95. Science _ _ 

Huchingson, R. Dale. New Horizons for m .. 

Human Factors in Design, Series in Azbel, Mark Ya. Refusenik: Trapped m 
Industrial Engineering and Manage- the Soviet Union. 573 pp. Houghton 
ment Science. 562 pp. McGraw-Hill. Mifflin. $17.95. 

$25 95 Barber, Lynn. The Heyday of Natural 

Leslie, William C. The Physical Metal- History 1820-1870 .320 pp. Doubleday, 
lurgyof Steels. Materials Science and 1980. $17.95. • _ 

Engineering. 396 pp. Hemisphere/ Bowers, John Z. When the Twain Meet: 


Engineers and Scientists. 275 Jusczyk, Peter W., & Raymond M. Klein, 
j $ 17 , 95 , eds. The Nature of Thought: Essays in 

Honor ofD.O. Hebh. 256 pp. Lawrence 
-- Erlbaum, 1980. $24,95. 

and Philnsnnhv of Knorr > Karin D *> R() S er Krohn, Richard 
and rmiosopny oi Whitleyj eds _ The Sodal Prmm ()f 

Scientific Investigation. Sociology of 

—-~ " the Sciences, 4. 328 pp. D. Reidel. 

k Ya Refusenik: Trapped in $34.50 cloth, $15.95 paper. 


the Soviet Union. 573 pp. Houghton Lavendel, Giuliana ed. A Decade of Re- 


Mifflin. $17.95. 

Barber, Lynn. The Heyday of Natural 
History 1820-1870 .320 pp. Doubleday, 
1980, $17.95. ■ 


McGraw-Hill. $34.50. 

Lucas, Ted. How to Build a Solar Heater, 
rev. ed. 242 pp. Crown, 1980. $7.95 
paper. 

McCloy, D., & H, R. Martin. Control of 


The Rise of Western Medicine in 
Japan. The Henry E, Sigerist Supple¬ 
ments to the Bulletin of the History of 


search: Xerox Palo Alto Research 
Center 1970-1980. 480 pp. R, R. 
Bowker, 1980. $18.50. 

McNairn, Barbara. The Method and 
Theory of V. Gordon Childe: Eco¬ 
nomic, Social and Cultural Interpre¬ 
tations of Prehistory. 184 pp. Columbia 
University Press, 1980. $8.50 paper. 


Medicine; New Series, 5.173 pp. Johns Molella, Arthur P„ et al., eds. A Scientist 


Fluid Power: Analysis and Design, 2nd Dibner, Bern, ed. Heralds of Science: As 
ed, Ellis Harwood Series in Mechanical Represented by Two Hundred Epochal 


ed, Ellis Harwood Series in Mechanical 
Engineering, 505 pp, Halsted Press, 
1980, $85. 

Meyers, Marc A., & Lawrence E. Murr, 
eds. Shock Waves and High-Strain- 


Hopkins University Press, 1980. $14. in American Life: Essays and Lectures 
, Bern, ed. Heralds of Science: As of Joseph Henry. 136 pp, Smithsonian 
esented by Two Hundred Epochal Institution Press, 1980. $6.95 paper, 
s and Pamphlets in the Dibner Rosenthal-Schneider, Use. Reality and 


Library , Smithsonian Institution, rev, 
ed. 96 pp. Neale Watson, 1980. $14.95 
cloth, $8.95 paper. 


Rate Phenomena in Metals: Concepts Frank, Robert G., Jr, Harvey and the 


Scientific Truth: Discussions with 
Einstein, von Laue, and Planck. 148 
pp. Wayne State University Press, 
1980. $13.95. 


and Applications. 1101 pp. Plenum. 

. $95. 

Middleditch, Brian S., Stephen R, Mis- 
sler, Harry B. Hines. Mass Spectrom¬ 
etry of Priority Pollutants. 308 pp. 
Plenum. $29.50. 

O’Connor, Daniel J. 101 Patented Solar 
Energy Uses. 110 pp. Van Nostrand 
Reinhold. $8.95 paper. 

Oden, J, T,, E. A. Ripperger, Mechanics 
of Elastic Structures, 2nd ed. 460 pp. 
Hemisphere/McGraw-Hill. $27.95. 

Palz, W., & T. C, Steemers, eds. Solar 
Houses in Europe: How They Have 
Worked. 303 pp. Pergamon Press. $20 
paper. 

Fenner, S. S., & L Icerman. Energy, Vol. 
1: Demands, Resources, Impact, 
Technology, and Policy, 2nd ed. 505 
pp, Addison-Wesley, $28.50 cloth, 
$16.50 paper. 

Personick, Stewart D. Optical Fiber 
Transmission Systems. Applications 
of Communications Theory. 179 pp. 
Plenum. $25. 

Ramesh, Jairam, & Charles Weiss, eds. 
Mobilizing Technology for World De¬ 
velopment. 234 pp. Praeger, 1979. No 
price given, 

Shawki, G. S. A,, & S. M. Metwalli, eds, 
Current Advances in Mechanical De¬ 
sign and Production. Proc. 1st Inter- 
nat. Conf., Cairo University, 1979,496 
pp, Pergamon Press. $75. 

Schild, Erich, et al, Structural Failure in 
Residential Buildings, Vol, 3: Base¬ 
ments and Adjoining Land Drainage. 

' 154 pp, Halsted Press, 1980. $29,95, 

Siegel, Robert, & John R. Howell, Ther¬ 
mal Radiation Heat Transfer, 2nd ed. 
Series in Thermal and Fluids Engi¬ 
neering. 862 pp, Hemisphere/ 
McGraw-Hill. $32, 

Spiegler, K. S., & A, D. K. Laird, eds, 
Principles of Desalination, 2nd ed,, 
Part A. 357 pp. $41.1980. PartB, 821 
pp. Academic Press, 

Talkington, Howard R. Undersea Work 
Systems. Ocean Engineering, 1.164 pp. 
Marcel Dekker. $23.50. 

Thomson, William T. Theory of Vibra¬ 
tion with Applications, 2nd ed. 493 pp. 
Prentice-Hall. $24.95. 


Oxford Psysiologists: A Study of Sci- Rosnow, Ralph L. Paradigms in Transi- 
entific Ideas and Social Interaction. tion: The Methodology of Social In- 

368 pp. University of California Press, quiry. 170 pp. Oxford University Press. 

1980. $27,50. $14.95 cloth, $6.95 paper. 
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National Officers and 
Standing Committees 
of Sigma Xi 1981-82 



National Officers 

President (1981-82) 

William A. Nierenberg 
Scripps Institution of Oceanography, Uni¬ 
versity of California, San Diego, La Jolla, 
CA 

President-elect (1981-82) 

V. Elvlncj Anderson 

Dight Institute, University of Minnesota, 

Minneapolis, MN 

Executive Director 

C. Ian Jackson 

( 345 Whitney Avenue, New Haven, CT 
Treasurer (1981-82) 

Gordon B, Carson 

Northwood institute, Midland, Ml 

Immediate Past President (1981-82) 

Herbert E. Longeneck’er 

3443 Esplanade Avenue, New Orleans, 

LA 

Board of Directors 

The President, President-elect, Executive 
Director, Treasurer, Immediate Past 
President, eighteen elected members 
(twelve regional and six at-large), and the 
chairmen of the following committees; 
Qualifications, Membersbip-at-Large, In¬ 
ternational Membership, Grants-in-Ald of 
Research, Lectureships, Publications, 
Nominations, and Science and Society. 

Dlrectors-at-Large 
Lawrence M. Kushner (1981-82) 

Mitre Corporation, McLean, VA 
Ronald E. Stecker (1981-82) 

San Jose State University, San Jose, CA 
Patricia Fallla (1982-83) 

Argonne National Laboratory, Argonne, IL 
Harvey A. Bender (1982-83) 

University of Notre Dame, Notre Dame, 
IN 

M. Patricia Faber (1983-84) 

Barat College, Lake Forest, IL 
M. Patricia Morse (1983-84) 
Northeaslenf University, Nahant, MA 

’ •; * ■ ft: ... 


Regional Directors 
Northeast 

Evan B. Douple (1981-82) 

Dartmouth Medical School, Hanover, NH 
J. Stallard Waterhouse (1982-83) 

State University College, Plattsburgh, NY 
North Central 

Robert M. Whitney (1981-82) 

University of Illinois, Urbana, IL 
Robert Zand (1983-84) 

University of Michigan, Ann Arbor, Ml 
Northwest 

Ernest Gilmour (1982-83) 

Eastern Washington University, Cheney 
Klaus Timmerhaus (1983-84) 

University of Colorado, Boulder, CO 
Mid-Atlantic 

David McLaughlin (1981-82) 

Howard University, Washington, DC 
David D. Moran (1982-83) 

U,S. Naval Academy, Annapolis, MD 
Southeast 

Calvin A. Lang (1983-84) 

University of Louisville, Louisville, KY 
Gerald H. Elkan (1982-83) 

North Carolina State University, Raleigh 

Southwest 

Glenn Russell (1983-84) 

University of Texas Medical Branch, Gal¬ 
veston, TX 

Mary Lee Barber (1981-82) 

California State University, Northridge 

Executive Committee 

The President, President-elect, Treasur¬ 
er, Immediate Past President; a Director- 
at-Large: Ronald Stecker; a Regional Di¬ 
rector: Evan Douple; and a Committee 
Chairman: Caryl P. Haskins 


Standing Committees 


Policy and Evaluation 



The Treasurer, Chairman, President, 
President-elect, Executive Director, and 


Brage Golding 

Kent State University, Kent, OH 

Arnold Ott 

3368 Hidden Hills SE, Grand Rapids, Ml 

Albert J. Wetzel 

Tula'ne University, New Orleans, LA 

David Moran 

U.S. Naval Academy, Annapolis, MD 

Mary Lee Barber 

California State University, Northridge 


Audit Review 

(to serve between Annuai Meetings) 

Patricia Failla, Chairman 

Argonne National Laboratory, Argonne, IL 

Edward J. Poziomek 

Chemical Systems Laboratory, Aberdeen 

Proving Ground, MD 

Franklyn B. Van Houten 

Princeton University, Princeton, NJ 

Long-Range Planning 

The Past President, Chairman, President, 
President-elect, Treasurer, and 
M. Patricia Faber (1981-82) 

Barat College, Lake Forest, IL 
Hal G. Moore (1982-83) 

Brigham Young University, Provo, UT 
Lawrence M. Kushner (1983-84) 

Mitre Corporation, McLean, VA 
Patricia Failla (1984-85) 

Argonne National Laboratory, Argonne, IL 
Frederick W. Crawford (1985-86) 
University of Aston, Gosta Green, Bir¬ 
mingham, England 
Glenn V. Russell (1986-87) 

University of Texas Medical Branch, Gal¬ 
veston, TX 

Organization and Membership 

Qualifications 

Sanford Atwood, Chairman (1984-85) 

Rt. 2, Box 92, Lake Toxaway, NC 

Patricia Failla 

Argonne National Laboratory, Argonne, IL 

J. Forbes McClellan 

Colorado State University, Fort Collins 

David McLaughlin 

Howard University, Washington, DC 

Thomas F. McNamara 

State University of New York, Stony 

Brook 

Armiger Sommers 

Abbott Laboratories, North Chicago, IL 

Ronald E. Stecker 

San Jose State University, San Jose, CA 

Ernest Gilmour 

Eastern Washington University, Cheney 



Membership-at-Large 



Edward J. Poziomek, Chairman { 1984- 
85) 

Chemical Systems Laboratory, Aberdeen 
Proving Ground, MD 

Harold G. Cassidy 

605 West Second Street, Madison, IN 
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Patricia Failla 

Argonne National Laboratory, Argonne, IL 

James Henderson 

Tuskegee Institute, Tuskegee, AL 

Leonora Mirone 

51 Laurel Place, New Rochelle, NY 
David D. Moran 

U.S. Naval Academy, Annapolis, MD 

Ronald E. Stecker 

San Jose State University, San Jose, CA 

Ernest Gilmour 

Eastern Washington University, Cheney 


International Membership 


Linton E. Grinter, Chairman (1983-84) 
University of Florida, Gainesville, FL 

Arthur N. L. Chiu 

University of Hawaii, Manoa, Honolulu, HI 

Joyce J. Kaufman 

Johns Hopkins University, Baltimore, MD 

John A. Hrones 

Case Western Reserve University, Cleve¬ 
land, OH 

Hans Oser 

National Bureau of Standards, Washington, 
DC 

Peter D. L. Roper 

900 Sherbrooke St. W., Montreal, Quebec, 
Canada 


Regions 


V, Elvlng Anderson, Chairman 
University of Minnesota, Minneapolis, MN, 
and the twelve regional directors 


Awards 


Harvey A, Bender, Chairman 
University of Notre Dame, Notre Dame, 
IN 

Lawrence M. Kushner 

Mitre Corporation, McLean, VA 

Patricia Failla 

Argonne National Laboratory, Argonne, IL 

M. Patricia Faber 

Barat College, Lake Forest, IL 

M. Patricia Morse 

Northeastern University, Nahant, MA 


Grants-in-Ald of Research 


M. Patricia Morse, Chairman (1984-85) 
Northeastern University, Nahant, MA 
Dorothy Cunningham 
Hunter College, New York, NY 

William Dawson 

University of Notre Dame, Notre Dame, 

IN: ' • ■ 
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Richard H. Goodwin 

Connecticut College, New London, GT 

William M. Sackett 

University of South Florida, Saint Peters¬ 
burg, FL 

Ralph E. Thorson 

University of Notre Dame, Notre Dame, 
IN 

Karl M. Waage 

Yale University, New Haven, CT 

Sarah Ann Woodin 

University of South Carolina, Columbia 


Lectureships 


John W. Prados, Chairman (1984-85) 
University of Tennessee, Knoxville, TN 

Claude C. Albritton 

Southern Methodist University, Dallas, TX 

E. Jo Baker 

Georgia Institute of Technology, Atlanta 

R. Stephen Berry 

University of Chicago, Chicago, IL 

Dan I. Bolef 

Washington University, St. Louis, MO 

Peter Caws 

City University of New York, New York 

Calvin A. Lang 

University of Louisville, Louisville, KY 

Bryce L. Munger 

Pennsylvania State University, Hershey 

Ellen M. Rasch 

East Tennessee State University, Johnson 
City, TN 

Mary E, Reuder 

154 Charles Street, East Williston, NY 

Alfred Runte 

University of Washington, Seattle, WA 

Joseph Bordogna 

University of Pennsylvania, Philadelphia 


Publications 


Caryl P. Haskins, Chairman (1984-85) 
2100 M St. N.W., Washington, DC 
C. Ian Jackson (Executive Director), ex 
offhio 

345 Whitney Avenue, New Haven, CT 
Michelle Press (Editor), ex officio 
345 Whitney Avenue, New Haven, CT 

Jane Isay 

Basic Books, New York, NY 

Joseph H. Kuney 

Informatics Inc., 6011 Executive Blvd„ 
Rockville, MD 

Robert H. Marks 

American Institute of Physics, New York, 
NY 


Elmer M. Pusey, Jr. 

American Chemical Society, Washington, 
DC 


Meetings 


Executive Director, Chairman and 
J. Stallard Waterhouse (1981) 

State University College, Plattsburgh, NY 
John Wasacz (1982) 

172 Madison Road, Scarsdale, NY 
James Provan (1983) 

McGill University, Montreal, Canada 
Loren G. Martin (1984) 

Oklahoma College of Osteopathic Medicine 
and Surgery, Tulsa, OK 


Nominations 

(until 1981 Assembly of Delegates) 


Melinda J. Burrill, Southwest, Chairman 
California State Polytechnic Univ„ 
Pomona 

Edward J. Poziomek, Mid-Atlantic 
Chemical Systems Laboratory, Aberdeen 
Proving Ground, MD 
James G. Moore, Northeast 
237 Mossman Road, Sudbury, MA 
Martin Samolloff, Northwest 
University of Manitoba, Canada 
Edward N. Lambremont, Southeast 
Louisiana State University, Baton Rouge 
Stanley E. Payne, North Central 
Miami University, Oxford, OH 
Harold G. Cassidy 
605 West Second Street, Madison, IN 
Dean E. McFeron 

University of Washington, Seattle, WA 

Melvin Kranzberg 

Georgia Institute of Technology, Atlanta 


Science and Society 


Harvey A. Bender, Chairman (1984-85) 
University of Notre Dame, Notre Dame, 
IN 

Loren G. Martin (1981-82) 

Oklahoma College of Osteopathic Medicine 

and Surgery, Tulsa, OK 

Edward J, Poziomek (1981-82) 

Chemical Systems Laboratory, Aberdeen 

Proving Ground, MD 

Mary Lee Barber (1982-83) 

California State University, Northridge 
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University of California, San Diego, La Jolla, 
CA 
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Harvard University, Cambridge, MA 
Melvin Kranzberg (1983-84) 

Georgia Institute of Technology, Atlanta 


DON’T JUST 
SIT THERE 
WORRYING... 

PHONE TIAA (TOLL FREE) 
FOR HELP, RIGHT AWAY! 



Perhaps a new baby, or a big mortgage debt, or a 
recent salary increase, or just plain double-digit inflation has 
you worried that the life Insurance coverage you presently 
maintain for your family isn't enough to take care of them 
the way you do. Whatever your concern, you can get help 
by phoning the TIAA Life Insurance Advisory Center and 
talking with an Insurance Counselor, 

Every week hundreds of your colleagues In educa¬ 
tion call these trained TIAA professionals to discuss such 
questions as: 

Which kind of life insurance 1$ best for me? 
How much should I have besides group 
coverage? 

What would It cost? 

There's no obligation of course; It's part of the service TIAA 


provides to the education and research communities, 

It's a fact that most educators with a family to raise 
and educate are seriously'underinsured, and inflation isn't 
helping, They need as much im'mediate family protection 
as they can get for their money, That's why our counselors 
frequently suggest low-cost TIAA Decreasing Term policies 
when it's clear that a sizable chunk of new coverage is 
essential, 

Just $167 a year* buys a $100,000 20-Year De¬ 
creasing Term policy fora man aged 35 or a woman 
aged 40! 

this example is drawn from the following table illus¬ 
trating yearly costs for different initial amounts of protection 
on this plan; 


TIAA 20-YEAR DECREASING TERM INSURANCE COST EXAMPLES FOR SELECTED AGES 


$50,000 Policy 

Issued to a man aged 25 35 45 

Issued to a woman aged 30 40 50 

$100,000 Policy 

25 35 45 
30 40 50 

$150,000 Nicy 

25 35 45 

30 40 50 

Annual Premium 393,50 $164.00 $373,50 

Yearly Cash Dividend 42,00 70.50 148,00 

Yearly Net Cost* $51,50 $ 93.50 $225,50 

‘Annual premium, less cash dividend payable at the end of p 
guaranteed or estimated for the future, but TIAA has paid divi< 

$187 $328 $747 
104 161 316 

$ 83 $167 $431 

ollcy year on current see 
dends every year since I 

$280,50 $492.00 $1,120.50 
166.00 251,50 484,00 
$114,50 $240,50$ 636.50 

lie. Dividends cannot be 
ts founding in 1918, 


So you see, there's no reason to worry, At costs like “ 
these you can comfortably afford to give yourfamiiy all the | 
protection they need, | 

For answers to your questions, dial TOLL FREE I 
800-223-1200 (In New York call collect 212-490-9000), If you 
prefer to receive Information by malt just fill out and send | 
the coupon at the right, . 

Eligibility for TIAA is extended only to employees of | 
colleges, universities, private schools, and certain other . 
nonprofit educational or scientific organizations, and to the I 
spouse of such an employee when more than half of the i 
combined earned Income of husband and wife Is from a 
qualifying institution. | 


-- 

Life Insurance Advisory Center ass/ssil i 

Teachers Insurance and Annuity Association * 

730 Third Avenue, New York, NY 10017 1 

Please send me more information about low-cost TIAA life i 
insurance, including personal Illustrations of policies for my I 
age as Indicated below: | 

□ Decreasing Term □ 5-Year Renewable Term ■ 

□ Whole Life . I 

Please print I 


N am e, Title Date of Birth 


Address 

City State" zip" 



Established as a Nonprofit Service Organization 
by the Car negie Foundation 
for the Advancement of Teaching 


I Nonprofit Educational or Scientific Employer (college, unl- 
. versify, private school, etc.) 

If your spouse is also eligible according to rules at left, 
I please provide 


| spouse's name" and date of birth 



x 
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There has never been a terminal like 
Digital's new GIGI™ terminal. 

It's an intelligent terminal with exciting 
text processing functions. A graphics ter¬ 
minal with impressive resolution. And it's 
also a conventional interactive terminal. 
With applications software that makes all 
these capabilities easy to use, all at the 
same time: 

So you no longer have to adapt your 
application to the limitations of your ter¬ 
minal. And you can run on our VAX, 
PDP-11 RSTS/E, and DECSYSTEM-20 
computers. 

Digital's new GIGI terminal. Originally 
designed for education, it's now available 
to anybody. 

Anybody who needs the world'&most. 
versatile terminal. 

For a demo, call your local Digital sales 
office, or send your business card to: 

Response^Manager, Dept. AS-7,' 

129 Parker St., PK3-2/M94, 

Maynard, MA 01754. 
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Head of the class! 


The Zeiss Universal Promises...promises? r /\'>t)\ 

does more Deliveries...deliveries! / \\ \ 

When it comes to "head-on" com- With Universals you won't have x^he great-flame in optics 

petition, the others can't touch to wait for the development of ./ iUibmm 

Zeiss Universal Microscopes. accessories. Everything needed / y J PJ L u \| 

Built into the tube head of the for every technique in transmitted f /| rj |\ ]\ 1 

Universal and UEM are the and reflected light already exists 

optional "Optovar" magnification and is proven in use. And, of 

changer; a completely flexible course, the quality of Zeiss optics f 

beamspUtter that will send all the has been the goal toward which 

light to the observer or all to a others have been striving for gen- 

camera, or divide it; and slots for erations, Today, Zeiss optics are 

analyzers, filters, wave plates and still at the head of the class, |v y 

compensators. Quality service-Expert dealers. 

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los 
Angeles, San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B, 2S6. Or call (416) 449-4660. 


Paleontology and 
Paleoenvironments 

Edited by Brian J. Skinner 


Earth's History, Structure 
and Materials 

Edited by Brian J. Skinner 


D ITS INHABITANTS 
i American Scientist 


A Universal R-has simplified tube headwithout beams 
B Universal UEM-with 6x6" stage and massive stand 
for large specimens, micromanipulation. 

C The Zeiss Universal- . 

still the most UNIVERSAL.microscope made, 
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President William A. Nierenberg 
President-elect V. Elving Anderson 
Treasurer Gordon B. Carson 
Immediate Past President Herbert E. Longenecker 
Executive Director C, Ian Jackson 


A Message from the President 

This is the earliest time that the new Administration’s impact on science and 
technology can be reasonably evaluated. In general, science and technology 
seem to have fared better financially than other parts of the federal budget. 
Indeed, funding for the natural sciences seems to have maintained the pace 
of a modest annual increase; the National Science Foundation, in particular, 
has maintained its growth in the natural sciences. However, the big source 
of support will clearly be the Department of Defense, which is also steadily 
developing a post-Mansfield policy of reestablishing close ties with the uni¬ 
versities. 

All of this will cause some strain to our institutions. Even now, new graduates 
in computer, electrical, and chemical engineering are taking jobs in industry 
at starting salaries higher than those of new assistant professors in the same 
fields. This situation is damaging both to the graduate schools and to the re¬ 
cruitment of faculty by the universities, which, in turn, are needed to assure 
a continuing supply of scientists and engineers. 

But this is only the beginning. We now see a similar situation developing in 
biology and genetics. Furthermore, as new large programs in defense get un¬ 
derway, it is not at all clear where the technical manpower will come from to 
support them. 

I hope that ideas regarding these serious questions will be exchanged freely 
at the meetings in St. Louis. As I implied in my last letter, our members are 
the centurions in this national effort. 
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The aurora, shown on the cover in the starlit sky over 
Fairbanks, Alaska, is described in many Eskimo stories m 
torches carried by spirits who guide the dead. With the 


advent of the satellite age, the secret of the aurora has 
begun to be revealed. See the article by Syun-Ichi 
Akasofu on p. 492. (Photo by Malcolm Lockwood; 
courtesy of the Geophysical Institute, University of 









Reddy Chirra improves his vision with 
an Apple* 

Reddy is an independent optical engineer 
who’s helped build zoom lenses for some of the 
biggest names in photography. 

Now, a zoom lens is a complicated bit of t 
work- and prototypes cost a fortune. 

So big companies have used big compu¬ 
ters to cut development costs and improve 
quality. But Reddy is on his own. He’s not a big 



company and renting time on ft 
■ a big computer is expensive, J r "\ 
So he bought himself 

a small computer. An Apple jQ| 

Can an Apple actually fti 
match the capabilities of a $1,000,000 machine? 
In two letters, no. 

But Reddy says it’s powerful enough to 
L elp him choose from 250 different optical 
lasses and handle optical formulas with up to 
0 variables. 

So he’s cut the time he has to spend on 
I big computer way, way down. And his 
productivity is way, way up. 

| That’swhathappenedwhenwe invented 
[be personal computer And that’s why it’s a 
ooa idea to spend some time with your 
authorized Apple dealer. 

It’ll change the way you see things. 

[The personal computer^KiPPKZ 




Sigma Xi News 


82nd Annual Meeting and 
Assembly of Delegates 

In accordance with Article III, Section 1 
B, of the Constitution, notice is hereby 
given that the 1981 Annual Meeting of 
Sigma Xi, The Scientific Research Soci¬ 
ety, will be held at the Sheraton St. Louis 
Hotel in St. Louis, Missouri, from 16 
through 19 October 1981. Dr. J. Stallard 
Waterhouse is Chairman of the 1981 An¬ 
nual Meeting. 

This year’s meeting will cover the usual 
items of business that must be attended 
to by the delegates: reviewing the reports 
of the officers and the various standing 
committees, setting the dues and fees for 
fiscal year 1982-83, electing officers 
and directors, and acting upon resolu¬ 
tions submitted to the Committee on Res¬ 
olutions. 

In addition, there will be ample time for 
discussion of whether the Society should 
move from annual to biennial meetings. 

The program (see facing page) also in¬ 
cludes workshops to inform and update 
chapter and club officers and at least two 
lectures, in addition to the Procter Prize 
address. 

The location of the meeting in St. Louis, 
with its many educational and cultural at- 
tributes, will afford the delegates some 
unique opportunities. This central site 
will be particularly advantageous to dele¬ 
gates who wish to arrange vacations be¬ 
fore or after the meeting. 

Agenda for Assembly of Delegate 
Sessions 

1. Approval of the Proceedings of the 
81st Annual Meeting 

2. Report of the President 
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3. Report of the Executive Director 

4. Report of the Treasurer 

5. Report of the Credentials Committee 

6. Reports of Standing Committees 


A. Audit Review Committee 

B. Committee on Finances 

C. Committee on Long-Range Plan¬ 
ning 

D. Committee on Qualifications 

E. Committee on Membership-at- 
Large 

F. Committee on International Mem¬ 
bership 

G. Committee on Regions 

H. Committee on Grants-in-Aid of Re¬ 
search 

I. Committee on Awards 

J. Committee on Lectureships 

K. Committee on Publications 

L. Committee on Meetings 

M. Committee on Nominations 

N. Committee on Science and So¬ 
ciety 

7. Reports and Recommendations from 
the Board of Directors 

A. National dues and fees for 
1982-83 

B. Other reports, recommendations, 
and announcements by the Board 
of Directors 

8. Nomination and election of Regional 
Directors by Assemblies of Regional 
Delegates. Slates of nominees as re¬ 
ported by the Regional Nominating 
Committees: 

North Central: One, to serve until 30 
June 1987, replacing Robert Whitney: 

M. Edward Hodes, Indiana University 
Medical Center Chapter 
Charles E. Jobe, Air Force Dayton 
Chapter 

John W. Lucey, University of Notre 
Dame Chapter 

Charles D. Wise, Ball State University 
Club 

Northeast: One, to serve until 30 June 
1987, replacing Evan B. Douple: 

Barbara R. Eaton, Emmanuel College 
Club 

George N, Eby, University of Lowell Club 
Richard E. Partch, Clarkson College 
Chapter 

Mid-Atlantic: One, to serve until 30 June 
1987, replacing David McLaughlin: 

David McLaughlin, Howard University 




John W. Rowen, DOE/NRC Club 
Carl S. Schneider, US Naval Academy 
Club 

Southwest: One, to serve until 30 June 
1987, replacing Mary Lee Barber: 

Mary Lee Barber, California State Uni- 
versity-Northrldge Chapter 
Philip A. Busceml, Eastern New Mexico 
University Club 

Robert P. Metzger, San Diego Chapter 

9. Nomination and election of officers 
and Directors-at-Large 

President-elect to serve until 30 June 
1983: 

John W. Prados, University of Tennessee 
Chapter 

Treasurer to serve until 30 June 1986: 
Gordon B, Carson, Midland Chapter 

Directors-at-Large: Two, to serve untii 30 
June 1987, replacing Lawrence M. Kushner 
and Ronald E. Stecker: 

Jules Aarons, L. G. Hanscom Chapter 
William G. Aldridge, University of Roch¬ 
ester Chapter 

James H, M. Henderson, Tuskegee Insti¬ 
tute Chapter 

Hal G. Moore, Brigham Young University 
Chapter 

Ronald E, Stecker, San Jose State Uni¬ 
versity Club 

John P. Wasacz, Manhattan College 
Chapter 

Note: Additional nominations may be 
made from the floor, provided each nom¬ 
ination Is supported by at least three 
chapters and/or clubs. See Bylaw III, 
Section 3 B (li) for full procedure. 

10. Report of the Committee on Resolu¬ 
tions 

11. General Business 

12. Adjournment 


Procter Prize 

The 1981 William Procter Prize for Sci¬ 
entific Achievement will be awarded at 
the Annual Meeting to Dr. George W. 
Beadle, Professor Emeritus of Biology at 
the University of Chicago. 

Dr, Beadle’s research has been primarily 
in genetics and cytology. In 1958 he 
shared the Nobel Prize for Medicine and 
Physiology with Edward Tatum and Josh¬ 
ua Lederberg. He received his B.S. and 
M.S. degrees from the University of Ne- 


Program for 1981 Annual Meeting of Sigma Xi, 
The Scientific Research Sodety 


Friday, 16 October 1981 

2:00-7:00 p.m, Registration of delegates 

7:30-8:00 p.m. General Assembly of Delegates, Session I 

Welcome: President William A. Nierenberg 

8:15-8:30 P.M. Introduction of C. Ian Jackson, Executive Director 

8:45 p.m, (no limit) Assemblies of Regional Delegates, Session 1 


Saturday, 17 October 1981 
8:30-10:00 a.m. 

10:15-11:45 A.M. 

11:45 a,m.~1:15p.m. 
1:15-2:15 p.m. 

2:30-3:45 P.M. 

4:00-5:00 p.m. 

7:00-8:00 P.M. 

8:00-9:00 p.m. 
9:00-10:00 P.M. 

Sunday, 18 October 1981 

8:30-10:30 p.m. 


General Assembly of Delegates, Session II 

Workshops 

Aging 

American Scientist 
Science and Society 

Lunch break 

Lecture: "Aging Research: Challenge for the Twenty-first Century" 

Edward Schneider 
National Institutes of Health 
Bethesda, Maryland 

Assemblies of Regional Delegates, Session 2 

Workshops 

Aging 

New Officers 
Science and Society 
International Chapter 

Reception 

Dinner 

Procter Prize Lecture: "Recollections" 

George W, Beadle 
University of Chicago 
Chicago, Illinois 

Serendipity Day: The morning and afternoon are free for the delegates to participate 
in whole- or half-day sightseeing trips or recreational activities in St, Louis. 

Science and Society: "How a Nonscientist Views Today’s Scientific World- 
Lecturer 

James A. Michener 
St. Michaels, Maryland 


Monday, 19 October 1981 

8:00-9:00 a.m. 

9:15-11:40 A,M. 
11:40-12:00 noon 


Assemblies of Regional Delegates, Session 3 
General Assembly of Delegates, Session III 
Remarks by President-elect V. Elving Anderson 








What’s So Funny about Science? 

Cartoons by Sidney Harris 
from American Scientist 


"" “ h, "What's so funny about science? Sid- 

Whots So Funny 1 ne Y Harris, that’s what. Laugh at his 

I r • a cartoons and you demonstrate two 

aooutscience. things: m y 0U ’ ve g 0t a sense 0 f 

Sidney humor, and (2) you’re intelligent" 

-Isaac Asimov 

Order now in time for the holidays.,, 
the perfect gift for a scientist... or 
for yourself. 

Special price for Sigma Xi members 
and American Scientist subscribers 
1 ’ only: 

- from $7,95 hardbound 

American Scientist d>o rn i i 

$3.50 paperback 

...1 1 Payment must accompany all orders, 

Wm. Kaufmann, Inc., 120 p,, 6 x 9" Please include 7,5 C for shipping and 
ISBN 0-913232-39-4 handling, Connecticut residents add 

7V 2 % sales tax. 

Send orders to: American Scientist 
345 Whitney Avenue 
New Haven, CT 06511 
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American Scientist 


Sigma Xi will be notified each year by the 
Trustee of the number of awards that can 
be made in science: one award is envis¬ 
aged in 1982. Subcommittees of CCWAP 
will then be appointed for the categories 
to be covered: each subcommittee will 
include, in addition to the Chairman and 
the Vice-Chairman, five to seven promi¬ 
nent scientists who are aware of the ac¬ 
complishments of individual scientists 
and organizations in the field under con¬ 
sideration, 

The awards, "for outstanding achieve¬ 
ment," may be made to individuals or to 
organizations, both public and private, 
throughout the world. These should have 
a documented record of accompl ish- 
ment, with noteworthy achievement dur¬ 
ing the past five years, and a high poten¬ 
tial for continuing outstanding work. 

For the first year of the awards in 
science, nominations will be sought In 
the field of engineering. As with the Proc¬ 
ter Prize, Sigma Xi members are Invited 
to propose nominations; these should be 
addressed to CCWAP in care of the Ex¬ 
ecutive Director at the Society’s head¬ 
quarters in New Haven, and should take 
into account the provisions mentioned 
above, including the worldwide character 
of the awards. 


braska, and his Ph.D. from Cornell Uni¬ 
versity, As a postdoctoral fellow at the 
California Institute of Technology, he was 
elected to membership in Sigma Xi by 
the Cal Tech Chapter in 1931. Now affili¬ 
ated with the University of Chicago Chap¬ 
ter, Dr. Beadle was a Sigma Xi National 
Lecturer in 1977-78. 

Common Wealth Awards 

Because of its experience in making the 
Procter Prize awards, and because of 
Sigma Xi's concern for scientific re¬ 
search in ail Its forms, the Society has 
been asked to play a key role in nominat¬ 
ing recipients of the Common Wealth 
Awards of Distinguished Service in 
science, commencing in 1982. The Com¬ 
mon Wealth Awards have been created 
through the will of Ralph Hayes (1894- 
1977), a senior executive of the Coca- 
Cola Company and the first director of 
the New York Community Trust. Mr. 
Hayes’s will provided that the awards 
may be made in the fields of literature, 
science, invention, sociology, govern¬ 
ment, public service, dramatic arts, and 


mass communication. Each award is 
given as a sum of money; previous 
awards have ranged between $10,000 
and $20,000, 

The Bank of Delaware, which administers 
the Common Wealth Trust, has made 
agreements with appropriate organiza¬ 
tions that will be responsible for submit¬ 
ting nominations for awards to the Trust 
Committee. Sigma Xi has been invited to 
provide the nominations for the awards in 
science. In order to carry out this task, 
Sigma Xi has created a Committee for 
the Common Wealth Awards Program 
(CCWAP), Dr, Caryl Haskins has accept¬ 
ed the Society's invitation to act as 
Chairman of this Committee for four 
years, and Dr. Frederick Seitz is the 
Vice-Chairman. 

In view of the range of scientific disci¬ 
plines that need to be considered, nomi¬ 
nations will be made in four main catego¬ 
ries: (1) life sciences and medicine; (2) 
physical sciences; (3) mathematics and 
computer sciences; and (4) engineering. 


Although the awards in science will be 
made for the first time In 1982, achieve¬ 
ments in other fields of human endeavor 
have already been recognized, Recipi¬ 
ents Include Laurence Olivier, Agnes do 
Mil!©, and Peter Brook In dramatic arts; 
Robert Penn Warren and Gabriel Garcia 
Marquez in literature; Jay Forrester, 

Lewis Sarrett, and James Hilller for in¬ 
vention; Lowell Thomas for mass com¬ 
munication; and Kingsley Davis for so¬ 
ciology. 

As with all such honors, the prestige that 
is attached to the Common Wealth 
Awards will depend primarily on the ef¬ 
fort made to designate notable recipients 
over a substantial period of time. Sigma 
Xi has a crucial role to play In ensuring 
that the awards are successful and highly 
regarded; similarly, Sigma Xi Is likely to 
gain in prestige from its association with 
the Common Wealth Awards. Sigma XI 
will continue to award the Procter Prize 
each year, which includes the right of the 
recipient to designate a younger worker 
in the same field to receive a research 
grant from Sigma XI. 
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Because they don’t clearly understand the difference between Life policy would give their family only $13,000 of family pro- 
Term and Whole Life insurance... and that a Term policy can tection. 

typically provide five to ten times as much immediate family. , If you're like most of your colleagues in education and 
protection for the same money! research, your first priority is to give your family the most finan- 

As shown in the table below, a first year net outlay of only cial security for. the least amount of money—and that's what 

$150 buys a $142,000 TIAA 20-Year Decreasing Term policy or TIAA Term is all about! Whateveryour age, the difference in the 

a $97,000 5-Year Renewable Term policy, for a man aged 30 or a level of protection available for just $150 is dramatic, as the 

woman aged 35. The same outlay used to purchase a Whole table illustrates. 


Immediate Protection Available For $150 First Year Net Cost * 


For a Man 
Aged 

For a Woman 
Aged 

20-Year Decreasing 
Term Plan 

5-Year Renewable 
Term Plan 

. Whole 
Life Plan 

25 

30 

$206,000 

$1.12,000 

$16,000 

30 

35 

142,000 

97,000 

13,000 

35 

40 

88,000 

74,000 

10,000 

40 

45 

52,000 

48,000 

8,000 

45 

50 

31,000 

31,000 

7,000 


"Annual premium less cash dividend payable at the end of first 
policy year, based on 1979 dividend scales. While not guaranteed, 
dividends have been paid every year since TIAA's founding in 1918. 


Why such big differences? With Term you pay onlyfor protec¬ 
tion, while a Whole Life policy combines protection with a 
savings (cash value) element. Remember, the protection part 
of life insurance is relatively inexpensive; it's when savings are 
included as well that a high outlay per $1,000 of coverage is 
required 



Mall coupon or call collect 

Just complete and mail the coupon at right, or call the TIAA Life 
Insurance Advisory Center (collect) 212-490-9000. If you wish, an 
Insurance Counselor will review your insurance needs with you; and 
help you select the plan and amount that’s right for you. No obligation, 
of course. 

Eligibility to apply for a life insurance policy from Teachers Insur¬ 
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Letters to the Editors 


we confined the term “Chinese” to 
only the people of the north, we would 
be denying the important contribu¬ 
tion the southerners have made to the 
formation of the civilization called 
Chinese. 


Ancient China 

To the Editors: 

I would agree with K. C. Chang (“In 
Search of China’s Beginnings: New 
Light on an Old Civilization,” Am. 
Sci. 69:148-60, March 1981) that the 
two or three earliest, separate cultural 
centers in China eventually became a 
“sphere of interaction” and at a con¬ 
siderably later time came to form 
what is today known as China, but, as 
I have stated elsewhere, in my opinion 
no cultures previous to the beginning 
of the Han Dynasty should be called 
Chinese. 

There was much interaction with 
cultures outside the sphere of inter¬ 
action as well as within. The centers 
in the south were at least as impor¬ 
tant to the development of Chinese 
culture as was the northern center of 
the Wei River Valley. However, that 
the southerners were very important 
to the much later development of 
Chinese culture in no way justifies 
calling them Chinese. The northern 
Chinese called these southerners 
savages, not Chinese, nor did most of 
the people consider themselves Chi¬ 
nese. 

Wilhelm G. Solheim II 
Department of Anthropology 
University of Hawaii at Manoa 
Honolulu, HI 

To the Editors: 

I was delighted to read K, C, 
Chang’s article about the recent dis¬ 
coveries on the cultural history of 
ancient China. The article gives a new 
perspective on the cultural interac¬ 
tions within ancient China, At the 
Same time I cannot help speculating 
on the influence to and from the 
world outside China. In particular, a 
design in the funerary banner, Figure 


11, of the intertwined reptiles (drag¬ 
ons?) is reminiscent of the dominant 
motif seen in the Celtic arts of Ire¬ 
land. 

Nobuyuki Nakajima 
Sheffield Lake, OH 

Dr. Chang replies: 

Since interaction spheres are open 
systems, it would not be at all aston¬ 
ishing if some of the cultures within 
the Chinese sphere had frequent in¬ 
teraction outside as well as within it. 
When Solheim says that “centers in 
the south” were as important to the 
development of Chinese civilization 
as those in the north, does he mean 
centers in South China, or those fur¬ 
ther to the south? If the former, that 
does not differ from what I said. If the 
latter, it would be incumbent on him 
to prove his statement. 

I rather suspect that Solheim’s 
problem is a semantic one. He takes 
the English word “Chinese” to mean 
the people of North China only, but 
the people of South China are and 
have long been as Chinese culturally 
as those in the north. In the Chinese 
language, the ancient inhabitants of 
North China referred to themselves 
as Hua or Xia, and they referred to 
their neighbors as Man or Yi. When 
these names are translated into En¬ 
glish, often Hua or Xia becomes 
“Chinese” and Man or Yi becomes 
“savages.” But these are not appro¬ 
priate translations. 

Modern Chinese culture is multi¬ 
ethnic in its origins, and it was formed 
as the result of a long and continuous 
historic process of development in¬ 
volving many cultural and linguistic 
strains in many parts of China, When 
we trace the history of this culture 
back in time, we should try to follow 
all of its historic roots and strains. If 


As athletes age 

To the Editors: 

I thoroughly enjoyed Peter S. Rie¬ 
gers article, “Athletic Records and 
Human Endurance” (Am. Sci. 69: 
285-90, May 1981), as I am still a 
competitive athlete of 60. Another 
source of data for the time-vs.-dis- 
tance equation might be the 5 km 
“Head” races for single sculls. The 
Head of the Charles river race, now 
over 10 years old, has maintained 
continuous accurate times for con¬ 
testants. The race includes a veterans 
class for men over 50 in which the 
elapsed times have been remarkably 
consistent. There is an eight-second 
handicap for every year of age over 50, 
and the competitive curve seems to 
hold up to about age 64. More and 
more women are rowing competi¬ 
tively, and it will be interesting to sen 
how women “veterans” (when there 
are some) compete as opposed to 
men. 

David Challinor 
Assistant Secretary for Science 
Smithsonian Institution 
Washington, DC 

To the Editors: 

I am intrigued by Riegel’s obser¬ 
vation that “at longer distances the 
speed of the fastest 40-year-old in 
virtually the same as that of a world- 
class man,” He also indicated that 
runners over 40 come closer to 
world-class performance in longer 
races than they do over shorter dis¬ 
tances. He pointed out that this could 
mean “superior endurance capability 
or simply a lack of speed at shorter 
distances.” From the point of view of 
physiology it is difficult to imagine 
endurance increasing with age, 

Albert B. Craig, Jr., M.D. 

Department of Physiology 
University of Rochester 
Rochester, NY 

To the Editors: 

Why do older runners perform 
better, relative to world-class runners, 
at longer distances, when “specific 
endurance” declines 20% per year? 
The answer, it seems to me, is that 
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These authors review the origins 
of genetic engineering in the science 
of molecular biology and place in per¬ 
spective the industrial application and 
prospective economic impact of this 
technology. 

Hazards from this new technol¬ 
ogy must be reckoned with along 
with benefits. The engineering of life 
processes implies profound and trou¬ 
bling questions of ethics and value, 
For years to come, there will be no 
more authoritative or comprehen¬ 
sive picture of Industrial Microbiology 


between two covers than that pre¬ 
sented in the September issue of 
SCIENTIFIC AMERICAN. 
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yond the point at which the perfor¬ 
mance lines for the two groups cross, 
which is for a distance outside the 
endurance range. My statement 
about the speed of the fastest 40- 
year-old being virtually world-class 
was based on the 1974 performance of 
Jack Foster, then 41, who was second 
in the Commonwealth Games mara¬ 
thon with a time of 2:11:18. As the 
current world record is 2:09:01, Fos¬ 
ter’s time is indisputably world- 
class. 

Specific endurance is not the same 
as speed. It is speed-dependent. As an 
example, I can run 10 km in 38:30 and 
a marathon in 2:55:00. My best friend 
can run 10 km in 37:00, but his best 
marathon time is 3:07:00, If we go for 
a run at a pace of 6:15 a mile, I will 
have to slow down before he does. His 
endurance at the work rate repre¬ 
sented by a 6:15 pace is superior to 
mine. If, however, we slow the pace to 
6:451 will be able to go farther than he 
will, because at that lesser rate of 
work my endurance is better. 

The way I look at the effect of age 
is this: if my specific endurance is 
declining at 20% per year, I must ei¬ 
ther shorten my runs while main¬ 
taining my former speed, or slow 
down so that I can maintain my for¬ 
mer distance. 

Women scientists 

To the Editors: 

Jonathan Cole’s paper on "Women 
in Science” {Am. Sci. 69:385-91, July 
1981) immediately attracted my at¬ 
tention, because I had just finished 
reading June Goodfield’s Art Imag¬ 
ined World, the study of a scientist 
called Anna, In my more than fifty 
years of research and administration 
with both sexes I have noted a ten¬ 
dency in males to rush to publication, 
whereas women tend to be more pos¬ 
itive of their results by repetition of 
"specific endurance” approximates Mr. Riegel replies: their work before submitting it for 

what most runners call "speed.” I was interested in Dr. Challinor’s publication, This is further borne out 
For the layman, endurance con- account of the handicapping used in by Goodfield’s description of Anna’s 
notes total work, and not work per the "Head” races. When I started the care and repetitive experiments be- 
time constraint. Once time is intro- research for my article I tried to ob- fore publishing. Dr. Cole’s observa- 
duced, "speed” becomes important, tain reliable time/distance data for tion that "female scientists tend not 
The faster the pace or the shorter the rowing, but without much success, to publish as much as males” makes 
time interval to be run, the more im- The principal problem seems to be me wonder if this caution is not a fe- 
portant speed becomes. “Specific the contaminating influence of the male trait, 
endurance” thus is just another way moving water on which all but a few 
of saying that an athlete’s pace slows rowing competitions are held. David B. Sabine 
w ^h age. To turn to Dr. Craig’s comments, it Hastings-on-Hudson, NY 

is obvious that older men are slower 

Ralph Swenson than world-class men. The endurance To the Editors: 

Burlington, VT of the former would be superior be- I found Dr. Cole’s recent article 
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interesting, informative, and reas¬ 
suring. My knowledge of gender dis¬ 
crimination in science is uerstehen ; 
however, I found it comforting to 
know that scientists of the field are 
studying the same factors I have 
“known” for years. 

I would like to caution Dr. Cole 
against underestimating the role of 
sexuality (or, more specifically, 
avoidance of sexuality) in influencing 
the social interactions of women and 
men scientists. Because of recent 
consciousness about the “meritocratic 
ideal” and sex discrimination, scien¬ 
tists of both sexes seem to have be¬ 
come extremely careful not to allow 
any hint of sexuality into professional 
social interactions. However, this has 
been achieved largely by avoiding, 
rather than solving, the problems of 
heterosexual professional interac¬ 
tions. It seems to me that this is an 
important determinant in the par¬ 
ticipation of women in the informal 
social interactions Dr. Cole discusses. 
Very few women scientists, married 
or unmarried, are willing to brave the 
lab gossip networks to extend or ac¬ 
cept, for instance, an invitation to go 
out for coffee or a beer after work with 
a male colleague to chew over the 


current research problem, unless a 
third or fourth person is also present. 
It is much more difficult to develop 
such relationships when one-to-one 
interactions are restricted to “un¬ 
questionable” settings such as the lab 
or office. 

Another important factor in gender 
discrimination is the influence of 
nonscientists involved in career and 
training opportunities for women 
scientists. Personnel officers, ad¬ 
ministrative assistants and secreta¬ 
ries, grant administrators, and grad¬ 
uate school officials, not to mention 
nonprofessional laboratory personnel 
one must depend on daily, are often 
less constrained in their gender prej¬ 
udices than are scientists aspiring to 
objective professionalism. The delay, 
inefficiency, ineffectiveness, and 
general aggravation these attitudes 
can produce seem to me to be poten¬ 
tially important pitfalls to scientific 
productivity. 

Linda L. Hernandez 
Neuroscience Research 
Veterans’ Administration Hospital 
Columbia, SC 

Economics of energy 

To the Editors: 

There is a small but important 
error in the article by A. A. Harms 
and W. Haefele (“Nuclear Synergism: 
An Emerging Framework for Energy 
Systems,” Am, Sci, 69:310-17, May 
1981): important because it misplaces 
the criteria for considering generating 
processes from business to physics. 

Harms and Haefele state: “As a 
minimum, energetics considerations 
impose the imperative that the total 
energy necessary to sustain the reac¬ 
tion must be less than the net energy 
eventually used for societal pur¬ 
poses.” Energy considerations require 
merely that the net energy eventually 
used for societal purposes be greater 
than zero, Economic considerations 
require us to minimize the amount of 
energy used to sustain a reaction (and 
therefore not sold), and environ¬ 
mental considerations may mandate 
the least possible disturbance of local 
conditions, but for energy consider¬ 
ations, the ratio of energy to sustain 
the reaction to energy used outside 
the plant is just an interesting 
number. 

This “minimum” requirement is 
not currently met by any thermal 
generating plant: the energy required 
to sustain their reactions, including 
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that which must be dissipated to keep 
the facility from melting into slag, is 
generally twice that delivered to the 
power grid. Economic or environ¬ 
mental concerns may militate against 
a plant which delivers only one of 
every thousand megawatts it pro¬ 
duces to consumers, but energy con¬ 
siderations require only that capacity 
increase when a new plant comes on 
line. 

The controversies over use of ex¬ 
isting nuclear technologies (which are 
today generally segregated by coun¬ 
try) suggest that one must look far 
from the physics involved to find out 
why “the really good reactors were 
never invented.” 

Paul Wallich 
New Haven, CT 

Dr. Harms and Dr. Haefele reply: 

The relevant phrase refers to a 
situation represented by, for example, 
a base-load electric power plant de¬ 
livering more energy to a grid than it 
ever extracts from it for operational 
and construction purposes. However, 
other conversion devices, heart pacers 
and pumped-storage facilities for 
example, are decidedly useful even 
though their net energy delivery is 
negative. Considerations such as 
temporal variations, accessibility, and 
other factors enter into a compre¬ 
hensive merit assessment of an energy 
conversion facility. We appreciate 
Mr. Wallich’s comments on this im¬ 
portant issue. 


Sludge experiments 

To the Editors: 

John G. Trump’s article on disin¬ 
fection of municipal sewage, “Ener¬ 
gized Electrons Tackle Municipal 
Sludge” (Am. Sci. 69:276-84, May 
1981), is a welcome change from the 
numerous “doomsday” reports about 
the hazards of sludge which prolifer¬ 
ated in popular and scientific litera¬ 
ture during the past twenty years. 
Thus it is unfortunate that he dealt 
too lightly with the facts in his dis¬ 
cussion of our research. 

Sandia National Laboratory in 
Albuquerque and New Mexico State 
University in Las Cruces (not the 
University of New Mexico, as stated 
by Trump) have experimented with 
sewage solids disinfected by gamma- 
radiation to evaluate their use as soil 
conditioners and plant fertilizers, and 
as supplemental feeds for ruminant 
animals. None of our experiments 
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ever involved composted sludge. Our 
animal feeding experiments have 
utilized only the dried, gamma-irra¬ 
diated solids from primary sludge. As 
most animal nutritionists would rec¬ 
ognize immediately, composted 
sludges generally have little nutritive 
energy or nutritive nitrogen remain¬ 
ing and thus have little value as sup¬ 
plemental feeds except as a source of 
nutritive minerals. 

Our findings to date suggest quite 
strongly that feeding of dried, 
gamma-irradiated sewage solids from 
Albuquerque and Las Cruces, at di¬ 
etary levels and for periods of time 
deemed practical in animal produc¬ 
tion, involve risks that appear to he 
no greater than the risks often in¬ 
curred in the production and use of 
many conventional feeds. But we 
have never reported that refeeding of 
sewage solids is “safe.” 

We have emphasized the need for 
further research, and the necessity for 
caution, in the development of animal 
feed products from sewage, Our re¬ 
search has demonstrated that con¬ 
siderable economic value and ecologic 
benefits could be gained by recycling 
sewage solids as feeds for livestock 


and wildlife, especially ruminants. 
The technology for effective and 
economical disinfection, such as 
gamma irradiation or energized elec¬ 
trons, appears to be “one giant stride” 
toward safe usage in such a system; 
another great stride is needed to 
provide technology for quality control 
in the selection of sludges appropriate 
for usage as feed, and technology for 
rapid, cost-effective quality assurance 
in the pretesting of feed products for 
possible toxicants prior to mar¬ 
keting, 

G. Stanley Smith 
Department of Animal and Range 

Sciences 

New Mexico State University 
Las Cruces, NM 

Dr, Trump replies: 

I appreciate very much the correc¬ 
tions offered by Professor Smith re¬ 
garding the animal nutrition studies 
at New Mexico State University at 
Las Cruces, and his helpful summary 
of the status and potential of 
gamma-disinfected, dried primary 
sewage sludge as a food supplement 
for ruminant animals. 
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Syun-Ichi Akasofu The Aurora 

Extensive exploration of space around the earth 
during the last two decades has revealed that the 
cause of the aurora is a large-scale electrical 
discharge surrounding the planet 


The aurora is among the most beau¬ 
tiful of natural phenomena as Figure 
1 illustrates. If we could look down on 
the earth from far above the north 
polar region, we would see a ring- 
shaped glow around the geomagnetic 
pole (Fig. 2). This annular glow, 
which is called the auroral oval, is 
continuously changing—brightening, 
fading, expanding equatorward, and 
contracting poleward. An observer on 
the ground sees the aurora as a cur- 
tain-like luminosity hanging down in 
the chilly polar night sky, often in 
more than one area, and stretching 
from the eastern to the western hori¬ 
zon. The curtain extends from about 
100 km above the ground to about 400 
km, and sometimes even as high as 
1,000 km. This luminous curtain is 
the aurora borealis, more commonly 
known as the northern lights; the 
equivalent phenomenon in the 
southern hemisphere is the aurora 
australis, or southern lights. Thus, the 
earth has two ring-shaped glows, one 
in each hemisphere. 

Early polar explorers variously de¬ 
scribed the aurora as “a flaming 
whirlpool,” “fire of the Arctic Ocean,” 
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“a vast wall of color,” and “raining 
streams of brilliants.” Charles F. Hall 
(i), an author and polar explorer of 
the last century, simply exclaimed: 
“Who but God can conceive such in¬ 
finite scenes of glory? Who but God 
could execute them, painting the 
heavens in such gorgeous display?” 

It is interesting to note that many 
famous scientists studied the aurora 
at one time or another: among them 
are A. Celsius (1701-44), J. Dalton 
(1766-1844), J. B. Biot (1774-1862), 
and A. J. Angstrom (1814-62). Ang¬ 
strom was one of the first to study the 
auroral spectrum. By showing that 
the spectrum of the aurora is com-' 
pletely different from that of the sun, 
he disproved the idea that the aurora 
is caused by sunlight scattered by 
small ice crystals in the sky. 

The aurora has been regarded as one 
of the most challenging problems 
confronting geophysicists, but, as a 
result of extensive space exploration 
during the last two decades, it has fi¬ 
nally begun to disclose its secret. We 
now know that the aurora is caused by 
a large-scale discharge process around 
the earth. The discharge is powered 
by a gigantic natural generator, which 
consists of a one-million-degree- 
Kelvin gas streaming out from the 
sun, called the solar wind, and the 
earth’s magnetic field. Although we 
have known for a long time that solar 
gas is, in part, responsible for the au¬ 
rora (2), it was only very recently that 
we proved that the interaction be¬ 
tween the solar wind and the earth’s 
magnetic field constitutes a genera¬ 
tor. The current produced by this 
generator is discharged through the 
polar upper atmosphere, where the 
current-carrying electrons collide 
with atoms and molecules, which emit 


their own light. In this article, I shall 
report on this new progress in auroral 
science. 

Power generation and 
transmission 

Since the aurora is a continuous 
electrical discharge phenomenon, it 
must be powered by an electric gen¬ 
erator. In a conventional generator, a 
coil, which is an electrical conductor, 
is rotated rapidly in a magnetic field, 
using hydro- and steam-power. In the 
case of the aurora, the discharge is 
powered by the interaction between 
the solar wind and the earth’s mag¬ 
netic field (5). The solar wind has a 
velocity in the supersonic range 
(300-1,000 km/sec), is almost com¬ 
pletely ionized, and is thus a good 
electrical conductor; such ionized gas 
is called plasma. 

The solar wind is continuously blow¬ 
ing out from the sun, to at least the 
distance of Saturn and beyond—that 
is, to the farthest distances reached 
by space probes to date. When the 
solar wind encounters a planet with a 
magnetic field, such as Mercury, 
Earth, Jupiter, or Saturn, it tends to 
flow around it, forming a comet¬ 
shaped cavity, called the magneto¬ 
sphere. This is because the magnetic 
field of a planet acts as a barrier to the 
solar wind. 

If the solar wind were an unmagnet¬ 
ized plasma, it would completely 
confine the magnetic field of a mag¬ 
netized planet to the cavity, in which 
case the solar wind would not blow 
across it, and no power would be 
generated. In actuality, however, the 
solar wind is a magnetized plasma, 
and some of the magnetic field lines 
of magnetized planets are intereon- 
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Figure 1, This auroral display, photographed caused by emission from excited nitrogen 
from the Poker Flat Rocket Range of the Uni- molecules, (Photo by the author.) 

versity of Alaska, shows the red lower border 


nected with those of the solar wind 
across the boundary of the magneto¬ 
sphere (Fig. 3). Thus, the electrically 
conducting solar wind blows across 
the interconnected field lines as it 
flows around the boundary of the 
magnetosphere. In this way an elec¬ 
tromotive force is produced, and the 
entire boundary surface of the mag¬ 
netosphere may he considered as a 
generator. The power, P, of this gen¬ 
erator is given by {4, 5): 

P = yB* sin 1 (I) (1) 


where V is the speed of the solar wind, 
B is the magnitude of the solar wind 
magnetic field, 0 is the polar angle of 
the solar wind magnetic-field vector 
projected on the dawn-dusk plane, 
and Iq is a constant (~7 Re, where Re 
is the radius of the earth). 


Note that both the magnitude and 
direction of the solar wind magnetic 
field play important roles in deter¬ 
mining the power, When the solar 
wind magnetic field has a northward 
component {0 < 90°), and values of 
the solar wind speed and the magni¬ 
tude of the solar wind magnetic field 
are typically 300 km/sec and 5 gam¬ 
mas (5 X 1Q“ 6 gauss), respectively, 
the power is at most 4 X10 17 erg/sec, 
or 4 X 10 1() W, and the magnetosphere 
is relatively quiet. The voltage gen¬ 
erated under these conditions is 
about 50 kV, and the electric field is 


directed across the magnetosphere 
from the morning to the evening 
side, 

When the sun is active, the solar wind 
often becomes gusty. When this 
happens, V and B may become as 


large as 1,000 km/sec and 30 gammas, 
respectively, These high values of V 
and B can be caused by the blast, or 
shock, wave generated in the solar 
wind by an intense solar flare—a vi¬ 
olent explosion in the solar atmo¬ 
sphere that releases a total energy of 
as much as 10 32 -10 3a ergs. When such 
a gusty solar wind hits the magneto¬ 
sphere, the power will approximate 2 
X 10 13 W if the magnetic field has 
only a southward component—that 
is, if 9 = 180°. This is nearly equal to 
the total United States electrical 
power consumption. 


In the past we have often disap¬ 
pointed people by predicting a great 
auroral display after an intense solar 
flare which did not then materialize. 
We now understand such occasional 
failures of prediction. First of all, the 
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at a height of 840 km. (Courtesy of C. Anger,) 


blast wave may not collide with the how the power produced by the solar 
magnetosphere, particularly when a wind-magnetosphere generator is 
solar flare takes place near the edge of transmitted to the upper atmosphere, 
the solar disk, Second, even if there is and more specifically to the auroral 
a collision between the blast wave and oval. The comet-shaped tail of the 


around the earth, much of the plasma 
leaves the magnetosphere. 

The auroral discharge may take place 
at an altitude as low as 100 km, in the 
region of the upper atmosphere called 
the ionosphere. This region, which is 
essential for long-range, shortwave 
radio communication, lies below the 
magnetospheric plasma but above the 
neutral atmosphere, which includes 
the mesosphere, the stratosphere, and 
the troposphere. It may thus be con¬ 
sidered as a region of transition be¬ 
tween the fully ionized plasma above 
and the neutral atmosphere below. 

The ionosphere is traversed by the 
same magnetic field lines that per¬ 
meate the magnetosphere. Moreover, 
since a plasma particle tends to have 
a circular motion around a magnetic 
field line, it can move much more 
freely along field lines than across 
them. Therefore, any difference in 
potential between the magnetosphere 
and the ionosphere tends, in general, 
to be small. As a result, the magne¬ 
tospheric electric field, and hence the 
sunward convective motion of mag¬ 
netospheric plasma, tends to reach 
the bottom of the ionized region—-the 
ionosphere—and to drag it in the di¬ 
rection of the sun. In the top part of 
the ionosphere, the plasma can drift 
without difficulty in the same way as 
it does in the magnetosphere—that is, 
in the direction perpendicular to both 
the electric and magnetic fields 


the magnetosphere, it will not neces- magnetosphere—the magnetotail—is (namely, the sunward direction). 


sarily cause an intense aurora, since 
the solar wind magnetic field, which 
plays an important role in determin¬ 
ing the power of the generator, may 
not be in the right direction. For in¬ 
stance, if the solar wind magnetic- 
field vector is pointing northward (0 
~ 0°), an intense auroral storm will 
not occur, even if V and B in the solar 
flare blast wave are both large. On the 
other hand, if the vector is pointing 
southward (0 ~ 180°), a major auroral 
storm will develop even for V and B 
as low as 500 km/sec and 20 gammas, 
respectively. It should be noted that 
auroral discharge currents produce 
intense magnetic fields, which we 
observe as geomagnetic storm fields; 
this is why geomagnetic storms take 
place at the same time as auroral 
storms. 

Since the aurora is caused by the 
electrical discharge through the polar 
upper atmosphere, we must find out 


not an empty cavity but is filled with 
a tenuous (or more precisely, colli¬ 
sionless) plasma, particularly near the 
midplane, where it forms a sheet (see 
Fig. 3). A collisionless plasma has the 
interesting characteristic that it tends 
to flow in a direction perpendicular to 
both an electric field, E, and a mag¬ 
netic field, B, with a speed, v, given 
by: 


Since the electric field is directed 
from the morning to the evening side 
across the magnetosphere, and since 
the magnetic field is directed north¬ 
ward in the plasma sheet, the flow— 
often referred to as the convective 
motion of the magnetospheric plasma 
(6)—is directed toward the earth. 
Thus, the power generated on the 
boundary of the magnetotail causes 
the plasma to flow toward the earth, 
and hence the sun. After flowing 


Near the bottom of the ionosphere, 
however, the neutral atmosphere is 
dense enough to cause appreciable 
friction. Therefore, an electromag¬ 
netic force is needed to accelerate the 
lower ionosphere. 

A force of this type would arise if the 
magnetospheric plasma were to gen¬ 
erate a northward-directed current, 
J, in the evening side of the iono¬ 
sphere and a southward-directed 
current, J, in the morning side. The 
resultant electromagnetic, or Lorentz, 
force, JXB, would then be directed 
toward the sun. For the magneto¬ 
spheric plasma to give rise to such 
ionospheric currents would obviously 
require another generator. In Figure 
4, which shows the situation sche¬ 
matically, the magnetospheric plasma 
generates electric currents near the 
equatorial plane by its sunward mo¬ 
tion across the earth’s northward- 
directed magnetic field; the convec¬ 
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tive motion of magnetospheric plas¬ 
ma and the earth’s magnetic field 
thus constitute an internal dynamo. 
The currents flow along geomagnetic 
field lines—that is, they are field- 
aligned currents—and induce the 
required ionospheric current, J. The 
distribution of such field-aligned 
currents has been mapped by satel¬ 
lites (7) and by a chain of magne¬ 
tometers set up along the Alaska 
meridian. 

Auroral potential 
structure and emissions 

Now we know why an electrical dis¬ 
charge takes place through the polar 
ionosphere, In the discharge circuit 
described above, however, the up- 
flowing electric currents are carried 
mainly by magnetospheric electrons 
flowing toward the earth. As these 
electrons stream down the geomag¬ 
netic field lines, they tend to get re¬ 
flected back. This is because their 
helical path becomes tighter as they 
descend toward the earth (that is, as 
they move toward a stronger mag¬ 
netic field), and at a certain altitude, 
they spiral back toward the magne¬ 
tosphere without ever reaching the 
ionosphere. Therefore, this part of the 
circuit can conduct only a limited 
amount of current intensity H0" B 
amp/m 2 ) in the absence of other 
processes. 

As the power of the solar wind-mag¬ 
netosphere generator increases, the 
convection speed tends to increase, 
and the magnetospheric plasma must 
drag the ionosphere along faster by 
generating even larger ionospheric 
currents. This means that the inten¬ 
sity of the upward field-aligned cur¬ 
rent must increase above the limiting 
value of HO" 6 amp/m 2 . The magne¬ 
tospheric plasma appears to respond 
to this situation by developing an 
upward electric field along the 
geomagnetic field lines, which accel¬ 
erates the current-carrying electrons 
downward and reduces their reflec¬ 
tion altitude to the lower ionosphere 
(8). This electric field is associated 
with a potential structure, the equi- 
potential contours of which in a me¬ 
ridian plane have a V-shape (9,10). 
This V-shaped potential structure, 
which is located above the aurora, is 
shown in Figure 5. 

In general, it is difficult to maintain 
an electric field along field lines in a 



Figure 3. In this three-dimensional represen- solar wind cross these interconnected field 

tation of the interaction between the solar wind lines, electric power is generated. The power is 

and the earth’s magnetic field, we see how when eventually transmitted to the plasma in the 

the solar wind encounters the earth, some of its magnetotail, thereby causing an earthward 

magnetic field lines interconnect with those of convective motion, 

the earth. As the protons and electrons in the 


collisionless plasma. For this reason, much attention from magnetospheric 
it was for a long time thought that physicists. It had been noted, for ex- 
auroral particles would not be accel- ample, that the flux of auroral elec- 
erated by an electric field along field trons had sharp peaks around a few 
lines in the magnetosphere. There- kilo-electron-volts, and those elec- 
fore, although there had been several trons had often been referred to as 
interesting observations that sug- monoenergetic electrons (11,12). 
gested the presence of an electric field 

along the geomagnetic field lines just One of the most interesting experi- 
above the aurora, they did not attract ments was conducted in Alaska in the 
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Figure, 4. The convective motion of the mag¬ 
netospheric plasma toward the sun generates 
electric currents, near the equatorial plane. 
These currents flow along geomagnetic field 
lines and induce currents in the ionosphere. 
The ionospheric currents give rise to the Lo- 


ientz force, which accelerates the lower iono¬ 
sphere in the direction of the sun. A V-shaped 
auroral potential structure is formed near the 
base of the geomagnetic field lines, along which 
electrons carry the discharge currents. 


1981 September-October 495 





spring of 1974 {13). A high-velocity 
stream of barium was released from a 
rocket launched from the Poker Flat 
Rocket Range of the University of 
Alaska. Barium atoms are ionized by 
sunlight and ascend along geomag¬ 
netic field lines, forming a column of 
ionized barium that is visible from the 
earth. When the ionized barium 
reached an altitude of about 3,000 
km, an auroral curtain happened to 
pass by. Suddenly, the upper part of 
the barium column was blown up¬ 
ward and disappeared. During his 
visit to the Geophysical Institute at 
the University of Alaska, Alfven 
suggested that this interesting ob¬ 
servation could be explained in terms 
of an upward electric field in the di¬ 
rection of the magnetic field, associ¬ 
ated with the so-called double layer 
that he had proposed a number of 
years before. 

It now appears that the V-shaped 
auroral potential structure is indeed 
basically the double layer. This layer 
is formed by the downward-stream¬ 
ing electrons as they interact with the 
ambient magnetospheric plasma; the 
ionospheric plasma and the back- 
scattered electrons are also important 
ingredients. The slight positive space 
charge at an altitude of 10,000 km and 
the slight negative space charge at an 
altitude of a few thousand kilometers 
that result give rise to an upward 
electric field {14). The current- 
carrying electrons are accelerated as 
they pass through the double layer. 
The total potential drop across the 
V-shaped potential structure is a few 
kilovolts, which means that the elec¬ 
trons are ejected from its base with 
energies of a few kilo-electron-volts. 

Auroral electrons stream out from the 
bottom of the potential structure and 
penetrate the polar upper atmosphere 
by carrying the discharge current, 
The penetrating primary electrons (e) 
collide with molecules and atoms in 
the upper atmosphere, Among the 
important reactions that take place 
are: 

N 2 + e N 2 + + e + e* (3) 
O + e* O' + e* (4) 
where e* represents electrons de¬ 
tached from molecules in the upper 
atmosphere—secondary electrons— 
and the prime indicates oxygen atoms 
in excited states. 

Ionized nitrogen molecules (N 2 + ) 
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Figure 5. When the power of the solar wind- 
magnetosphere generator increases, the mag¬ 
netospheric plasma develops an upward elec¬ 
tric field along geomagnetic field lines. This 
field is associated with a potential structure 
with V-shaped equipotential contours in the 
plane of the meridian. The total potential drop 
across the structure is ~3 kV, (Adapted from 
ref. 10 .) 


produce intense emission bands in the 
ultraviolet and blue regions of the 
spectrum. Oxygen atoms (O') excited 
by secondary electrons (e*) may end 
up in one of two states; those in the 
upper state emit the whitish green 
light that is most familiar in the au¬ 
rora, whereas those in the lower state 
emit red light (Fig. 6). The basic 
physics underlying the aurora is thus 
the same as that underlying a neon 
sign! Most of the light-emitting atoms 
and molecules in the upper atmo¬ 
sphere (such as O, O 2 , 0 2 + , N, N 2 , 
N 2 + , He, H) have been identified in 
auroral spectra. 

The aurora emits radiation not only 
in the visible region of the spectrum 
but also in the ultraviolet and in¬ 
frared regions {15-17). In addition, 
auroral electrons, as they are decel¬ 
erated by atmospheric particles, emit 
hremstrahlung x-rays, which can 
reach as low as 30 km above the earth. 
Balloon-borne detectors have there¬ 
fore been used extensively for 
studying auroral x-rays, Gyrating 


electrons trapped in the auroral po¬ 
tential structure emit strong radio 
waves in the frequency range from a 
few to a few hundred kilohertz. This 
radiation is called the auroral kilo- 
metric radiation {18). Such low-fre¬ 
quency radio waves cannot reach the 
earth, since they are reflected at the 
top of the ionosphere, This is fortu¬ 
nate, because we would be unable to 
use the medium radio frequencies for 
broadcasting if auroral kilometric 
radiations were able to penetrate the 
ionosphere and reach the ground. On 
the other hand, it is interesting to 
speculate that visitors from outer 
space, upon reaching the edge of the 
solar system, would detect the earth 
on their radio receivers as a very noisy 
planet, long before seeing it. Thus, the 
aurora emits radiation over almost 
the entire frequency range. 

Auroral displays 

Next we must explain why the auroral 
curtains move poleward or equator- 
ward and curl up like draperies. First 
of all, it is instructive to note an in¬ 
teresting analogy between the mag¬ 
netosphere and a television or cath¬ 
ode-ray tube. An image is produced 
on the screen of a cathode-ray tube by 
the impact of an electron beam on a 
fluorescent material on the back of 
the screen. In the case of the aurora, 
the polar upper atmosphere corre¬ 
sponds to the screen: when it is hit by 
an electron beam, it glows, Just as the 
image on the screen of a cathode-ray 
tube moves when the electron beam, 
and hence the point of impact, moves, 
so the aurora moves when the auroral 
electron beam, and hence its point of 
impact, shifts. A cathode-ray tube is 
designed in such a way that an elec¬ 
tron beam flows between a pair of 
plates. If a voltage is applied to the 
plates, the beam is attracted toward 
the positive plate. If an alternating 
voltage is applied to the plates, the 
image will have repeated up and 
down motions. Some cathode-ray 
tubes include a coil, which produces 
a magnetic field that can also deflect 
the electron beam. 

With this preparation, let us observe 
a typical auroral display from far 
above the north polar region. The 
first indication of typical auroral ac¬ 
tivity is a sudden brightening of an 
auroral curtain in the midnight part 
of the oval (79, 20), The brightening 
spreads very rapidly along the cur¬ 


tain, both westward and eastward, 
with a speed of ~1,000 m/sec. The 


gins to move poleward in the mid¬ 
night sector, with a speed of 300 ml 
sec. This poleward motion causes a 
large-scale wave, called the west¬ 
ward-traveling surge, to be propa¬ 
gated along the auroral curtain 
toward the dusk twilight sky at a 
speed of ~ 1,000 m/sec. In the morn¬ 
ing half of the sky, the auroral curtain 
appears to disintegrate into bundles 
of rays, which are scattered over the 
entire field of view of the observer—a 


roral breakup. The broken-up cur¬ 
tains drift toward the dawn twilight 
sky. 


This condition lasts for about 30 to 60 
minutes, at which time the poleward- 
advancing curtain stops and then 
starts to move slowly equatorward. 
Typically, it takes two hours for the 
curtain to return to its original loca¬ 
tion. The entire sequence is called an 
auroral substorm, and a new cycle 
may start before the curtain reaches 
its original location. Figure 7 shows a 
typical auroral substorm taken from 
above the southern polar region. 



Figure 6. When the auroral curtain is viewed 
near the zenith, auroral rays appear to converge 
toward the magnetic zenith, in an effect called 
the corona, Typical auroral displays consist 
mainly of whitish green and dark red light from 


excited oxygen atoms, bluish light from ionized 
nitrogen molecules, and pink light from excited 
nitrogen molecules. (Photo by G. Cresswell; 
courtesy of the Geophysical Institute, Uni¬ 
versity of Alaska,) 


i 
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Auroral substorms are associated 
with many other polar upper atmo¬ 
spheric disturbances. Enhanced dis¬ 
charge currents produce intense 
magnetic fields, which manifest 
themselves as polar magnetic sub¬ 
storms. Moreover, the ionosphere is 
greatly disturbed by the auroral 
electrons and by Joule heating pro¬ 
duced by electric currents, resulting 
in the phenomena known as iono- 


Although we are far from under¬ 
standing the details of these fasci¬ 
nating displays, we have at least 
begun to understand their cause, The 
aurora is faint and quiet if the power 
of the solar wind-magnetosphere 
generator is less than 10 10 W, The 


surge, and the breakup, are caused by 
complicated shifts in the point of 
impact of the auroral electron beam. 
These shifts are due to changes in the 
electric and magnetic fields around 
the earth as the power of the solar 
wind-magnetosphere generator rises 
above 10 u W. 

If, on the other hand, the power con- 


a new feature is added to the display. 
At such high powers, the magneto- 
spheric convection is intensified 
considerably and injects energetic 


power reaches about 10 11 W, at which 
time the field-aligned current inten¬ 
sity has reached ~10" 6 amp/m 2 . As 
the power increases from ~10 n to 
S 10 12 W, the auroral display develops 
in the way described above. If the 
power subsequently decreases from 
10 12 to 10 11 W, the auroral substorm 
subsides. Most of the large-scale au¬ 
roral motions, such as the poleward 
motions,, the westward-traveling 


The magnetic field of the ring current 
tends to shift the auroral electron 


radiation belt. The injected protons 
drift westward, the electrons east¬ 
ward, thereby forming a belt of 
westward-traveling electric current 
around the earth. This belt is called 
the ring-current belt. The magnetic 
field produced by the ring current in 
the vicinity of the earth is directed 
southward. When this field becomes 
appreciable (^50 gammas), the as- 


the auroral oval begins to expand m 
this direction, When the ring-current 
belt becomes very intense, the 
southern boundary of the auroral oval 


the continental United States, and 
the aurora can be seen from practi¬ 
cally anywhere in the country. One of 
the characteristic features of the au¬ 
rora in the expanded oval is that it is 
very rich in the dark red color emitted 
by atomic oxygen. Although human 
eyes are not very sensitive at this 
wavelength (6,300 A), the red light 
can become intense enough to be 
visible with the naked eye. 

Effects and prediction of 
auroral activity 

The effects of the aurora on short¬ 
wave (HF) radio communications 


described as a storm. 


broadcasts across the polar region. 
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Figure 7. This montage of the auroral oval over 
Antarctica was constructed from photographs 
taken by three Defense Meteorological Satellite 
Program satellites. The cross marks the posi¬ 
tion of the southern magnetic pole, and the line 
indicates the magnetic noon meridian, The 
morning and evening side sectors are on the left 
and right of the figure, respectively. 


lite placed upstream of the solar wind. 
In fact, since 1979, the International 
Sun-Earth Explorer satellite (iSJiE-c) 
has been anchored at the libration 
point—the point at which the solar 
and terrestrial gravitational forces 
balance—at a distance of about 1.6 X 
10 6 km, monitoring the solar wind. It 
takes about an hour for the solar wind 
to travel from the libration point to 
the earth, whereas it takes radio 
waves only five seconds. Thus, the 
isee-C satellite can forecast auroral 
activity with a one-hour lead time 
{21). For forecasting with a longer 
lead time, we have to rely on moni¬ 
toring of solar activity, the ultimate 
cause of the aurora. 

Since the essential elements of the 
natural generator are the solar wind 
and the planetary magnetic field, 
auroral phenomena should not be 
unique to the earth. Space-probe 
observations have indicated that 
Mercury, Jupiter, and Saturn are 
highly magnetized planets, possessing 
magnetospheres. Indeed, the aurora 
on Jupiter was photographed by the 
Voyager I spacecraft. There are vari¬ 
ous indications that auroral phe¬ 
nomena occur on Saturn and Mercury 
as well. 


Most energetic auroral electrons are 
able to penetrate below 100 km in al¬ 
titude, producing the D layer of the 
ionosphere. As HF waves propagate 
through the D layer, the oscillating 
motions of electrons generated by the 
waves tend to be destroyed by neutral 
particles. As a result, HF waves are 
absorbed in the D region. Higher- 
frequency radar waves are often re¬ 
flected by an auroral curtain. Tele¬ 
vision waves can sometimes be 
unexpectedly propagated great dis¬ 
tances in the continental United 
States during intense geomagnetic 
storms. 

As human activities have expanded 
into higher latitudes and space, some 
other effects of the aurora have be¬ 
come noticeable. Changing discharge 
currents induce voltages of the order 
of 1 V/km on the ground. Therefore, 
an appreciable electric current can be 
induced in any conductor connecting 
two points on the ground beneath the 
auroral oval. Power transmission 
lines, telephone cables, and oil/gas 
pipelines are such conductors. In the 


past, problems have arisen with 
power transmission lines in the 
northern United States and Canada 
during major geomagnetic storms. 
Induced currents have tripped relays, 
for example, causing power blackouts. 
Intense currents induced in oil/gas 
pipelines may cause significant cor¬ 
rosion. Satellites may suffer from the 
impact of intense auroral electron 
beams. Furthermore, their lifetimes 
may be reduced as a result of the in¬ 
crease in the drag force when, during 
periods of intense auroral activity, the 
upper atmosphere is heated and ex¬ 
pands upward, thereby increasing its 
density. 

We have already seen how the power 
of the solar wind-magnetosphere 
generator is governed by the speed of 
the solar wind, V, and the magnitude, 
B, and the direction, 0, of the solar 
wind magnetic field, and further that 
during an auroral substorm, this 
power determines the level of auroral 
activity. This suggests the possibility 
of predicting auroral activity by 
monitoring V, B, and 0 from a satel¬ 


Similar phenomena can be expected 
to occur wherever a magnetized ce¬ 
lestial body, such as a magnetic star 
or a pulsar, interacts with a magne¬ 
tized plasma flow, such as stellar 
wind, interstellar wind, or the ex¬ 
ploding gas from a supernova. It has 
been suggested by some researchers 
that solar flares have much in com¬ 
mon with the aurora. Because auroral 
physicists are able to make in-situ 
observations of natural plasmas, 
using satellite-borne detectors, they 
are expected to make a significant 
contribution to cosmic electrody¬ 
namics in the future. 
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Bent Sorensen Turning to the Wind 

In an era of steadily rising fuel costs, wind power is 
becoming an increasingly attractive component of 
future energy supply systems 


A new era of wind energy may be 
dawning. The first purely commercial 
contract for a multimegawatt wind- 
energy converter was signed in early 
1980 (Water and Power Resources 
Service 1980), and data from experi¬ 
mental units in the megawatt range 
are beginning to accumulate in sev¬ 
eral countries that have national 
wind-energy programs. At the same 
time, small wind turbines are shoot¬ 
ing up in rural parts of Australia, 
Denmark, and the United States, 
providing power to isolated farms and 
houses. These commercially available 
machines typically have power rat¬ 
ings of up to 55 kW, and most pro¬ 
duce grid-quality electricity, allowing 
any surplus energy to be sold back to 
the utility companies. 

The atmospheric pressure systems 
that maintain the circulation in the 
atmosphere and oceans—driving the 
Winds, which in turn create the 
waves—are generated by only about 
1% of the radiant energy from the sun 
intercepted by the earth, amounting 
to 1,800 terawatts, or 1,800 trillion 
watts. On average, this corresponds to 
3.5 W per square meter of the earth’s 
surface, or 0.35 W per square foot. At 
many windy locations, however, the 
flow of wind through a vertical square 
meter at, say, a height of 25 m may 
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reach a yearly average of 500 W per 
square meter. A good windmill lo¬ 
cated at such a favored location can 
convert to electricity about 175 W per 
square meter of the area swept by its 
propeller, 

Wind energy has, of course, played 
quite a large role in the past, Some 
five millennia ago, sails were mounted 
on boats on the Nile River in Egypt, 
and sailing ships appeared in the 
Mediterranean Sea soon after this 
(Digby 1954). The use of windmills 
for grinding grain dates back to the 
seventh century in Iran (Wulff 1966), 
and in the fifteenth century the 
Dutch employed wind-powered 
pumps to drain land. Wind machines 
that produce electricity made their 
first appearance about a hundred 
years ago, and in many regions they 
served as a major source of electricity 
until World War I. Since then, inex¬ 
pensive fossil fuels have dominated 
the electricity market, although some 
remote areas such as islands continue 
to depend on wind energy, Despite 
some signs of revival during World 
War II and the Suez Crisis, wind en¬ 
ergy did not assume a significant role 
in any country during this era, How¬ 
ever, the rise in oil prices and persis¬ 
tent market instabilities since 1973 
have changed the economic climate 
for alternative energy systems, and 
wind may be one of the first energy 
sources to become competitive with 
fossil fuels and nuclear energy (see 
Table!). 

Wind technology 

The primary step in nearly all wind 
converters is the transformation of 
the kinetic energy present in wind 
into rotating shaft motion. There are 
some exceptions, such as direct elec¬ 
tric conversion, in which the wind 


delivers kinetic energy to a stream of 
ions that form a current when they 
seek the ground or a suitable receptor 
in order to neutralize their charge 
(Minardi and Lawson 1978; Marks 
1978). 

Turbine-type wind-energy converters 
are commonly divided into free- 
stream and shrouded machines, and 
these in turn may be either propel¬ 
ler-type or cross-wind converters. 
Free-stream machines are those in 
which the rotating parts of the tur¬ 
bine and the free wind—that is, the 
wind field in the absence of the 
rotor—are the two primary consid¬ 
erations. Shrouded machines may 
have ducts or cylinders with slits that 
trap the wind and force it into re¬ 
spectively a linear or a spiraling, 
contracting motion. In propeller-type 
converters the axis of the shaft is 
parallel to the direction of the on¬ 
coming wind, while in^cross-wind 
converters the axis is perpendicular 
to the wind direction. The vast ma¬ 
jority of wind-energy converters in 
operation today are free-stream, 
propeller-type machines (Fig, 1), 

The rotors of such machines vary 
with respect to the number of blades, 
their contour, and the material of 
which they are made. Although the 
performance loss is modest when the 
number of blades is decreased, con¬ 
siderations of vibrational stability 
work against reducing the number of 
blades to, say, one plus a counter¬ 
weight. Typical choices are two or 
three blades if maximum annual 
power production is aimed for, more 
if operation in low winds is an im¬ 
portant factor. Usual materials in¬ 
clude metals, wood or laminated 
wooden composites, sailcloth or 
plastic cloth, or composites such as 
glass fiber. The properties of the 
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material determine both the number 
of blades and their chord variations, 
i.e„ the changes in width between the 
root of the blade and its tip, since the 
same total solidity may be distributed 
among fewer blades or more, de¬ 
pending on the tensile strength of the 
material and the corresponding de¬ 
gree of slenderness that becomes 
possible. Finally, there should be a 
twist along the blade, because the 
apparent incident wind direction, 
being the vector difference between 
the true wind direction and the ve¬ 
locity of the rotating blade segment in 
question, changes along the length of 
the blade. The degree of twist de- 
pends on the wind speed, and thus a 
specific blade will give an optimal 
performance at one speed at most for 
a given angular velocity of the rotor. 

Some rotors have fixed angular ve¬ 
locity— that is, a constant number of 
rotations per minute—and fixed 
blade position, known as fixed pitch 
angle, during normal operation. Their 
efficiency will drop, often fairly rap¬ 
idly, at wind speeds either above or 
below that at which they are designed 
f to operate. It is possible to compro¬ 
mise on maximum efficiency in return 
for a broader region of fair perfor¬ 
mance by having different segments 
of each blade designed to give optimal 
performance at different wind speeds. 

; Another solution is to allow the 
blades to be rotated at their roots, 
thus making possible an overall 
change in pitch angle—i.e., ensuring 
the same angular change for every 
station along the blade. In this way 
performance will be roughly opti¬ 
mized over a broad range of wind 
speeds, In some machines the fre¬ 
quency of the rotation can also be 
varied, allowing the frequency giving 
( optimal performance to be sought 
out. However, the required frequency 
of rotation is basically a question of 
I' the type of generator attached to the 
; shaft, and for given applications there 
! ■ may not be a choice. The type of 
electric generator needed by a wind- 
energy converter connected to a grid, 
for example, may already have been 
dictated by other considerations, so 
, that the shaft power must necessarily 
match the specifications of a given 
generator. 

The performance of an individual 
rotor can be accurately calculated by 
use of aerodynamic theory that pre¬ 
dicts the forces exerted on a given 
blade segment by a specific wind 


1 \ 



Figure 1. These two experimental propeller- 
type wind converters erected by the Danish 
government near Nibe, Denmark, in coopera¬ 
tion with the Danish electric utility companies 
show some of the structural variations being 
tested. Each rotor has a diameter of 40 m, and 
each is placed upwind from the concrete tower 
that supports it. Unit B ( left ) has one-piece 
blades and full pitch-angle control, Unit A 


profile (see Sorensen 1979). Since the 
wind field is rarely uniform, special 
attention is focused on situations 
where variations in its distribution in 
space and time may lead to excep¬ 
tional stresses on the materials and 
parts forming the turbine and its 
supporting tower. 

Cross-wind converters (Fig. 2) are 
subject to much the same design 
principles as those governing pro¬ 
peller-type rotors. An advantage of 
the cross-wind design is that heavy 
equipment such as the transmission 
mechanism and the gear box can be 
placed on the ground. Although a 
similar arrangement is not impossible 
in the case of propeller-type rotors, it 
has drawbacks in terms of power 
transfer and the stability of the tower, 
On the other hand, in a cross-wind 
converter the tower must be high 
enough to reach the top of the blades 
if the tips are to be attached to the 
axis of the shafts, as in the Darrieus 
turbine. This is one reason for favor¬ 
ing the use of straight, vertical blades 


(right) has two-segment blades with a sup¬ 
porting stay construction. Although its struc¬ 
ture allows only partial regulation of blade 
position, it is self-regulating at high wind 
speeds. Other countries planning to erect 
large-scale propeller-type turbines in connec¬ 
tion with national wind-energy programs in¬ 
clude the United States, Sweden, West Ger¬ 
many, Holland, and England. 


that may be supported at points lower 
than the tips, as in the giromill. 

A further potential disadvantage of 
the cross-wind converter is the diffi¬ 
culty in reaching optimal perfor¬ 
mance throughout the rotation cycle. 

The air flow through the turbine has 
to be considered in three dimensions, 
and although each blade may produce 
power at two positions even in rotors 
with fixed blades, it may also absorb 
power as the blades return on the 
opposite side. Proper choice of blade 
profile can ensure that the power 
production far exceeds the power 
absorption, and if blade angles can be 
varied during each rotation, effec¬ 
tiveness may approach that of the 
best propeller-type rotors. 

Experimental efforts are being di¬ 
rected at a number of so-called ad¬ 
vanced concepts, including ducted 
rotors, converters with few or no 
moving parts, and free-stream rotors 
with tip-vanes that guide the air- 
stream toward the rotor. Measured 
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efficiencies for some of these new 
types of converters have reached 
values two to three times higher than 
those achieved by the best conven¬ 
tional free-stream rotors. Attempts 
are now being made to reduce the 
materials required for shrouds and 
other equipment, so that the im¬ 
provement in efficiency will be capa¬ 
ble of paying for the additional 
hardware (Vas and Mitchell 1979), 

Categories of application 

Most of the wind capacity now in¬ 
stalled probably consists of electric¬ 
ity-producing machines. A significant 
number of these are connected to 
utility grid systems, so that the fuel- 
based units attached to the same grid 
serve as backup units. Other units are 
autonomous, using devices such as 
batteries to store and regenerate 


electricity when wind input is insuf¬ 
ficient. Several options for electric¬ 
ity-producing systems based on wind 
converters will be discussed below. 

Wind energy can, however, be used 
for purposes other than producing 
electricity. One important application 
is the pumping of water for drinking 
or for irrigation. In many situations it 
is possible to pump water without an 
electric generator by converting the 
rotating motion of the rotor shaft into 
a linear displacement motion in the 
vertical direction. This vertical mo¬ 
tion may directly drive a piston or 
membrane pump if the distance the 
water must be raised is not too great. 
A problem remains in matching the 
characteristics of the pump and the 
power output of the wind-energy 
converter. The latter has a variable 
torque as a function of varying wind 


Table 1. Comparative cost of electric power generation by different methods 



Small wind 

Large wind 

Large coal- 

Light-water 


generator* 

generator 

fired plant 

fission reactor 

Capital cost 0 

177 $/m 2 d 

425 $/m 2e 

1,107 $/kW f 

1,458 $kW< 

Annual power 

613 kWh/m 2 a 

1,183 kWh/m 2 h 

6,132 kWh/kW' 

5,256 kWh/kW f 

production 

Heat rate 

- 

— 

10.7 MJ/kWh f 

11.3 MJ/kWh f 

Fuel cost' 

0 

0 

2.69 it/kWh 

1.61 d;/kWh 

Cost of operation and 

0.72 p/kWh 

0.90 $/kWh 

0.57 4/kWh 

0,21 (t/kWh 

maintenance 1 

Total generating cost k 

2.8<f/kWh 

3.5 if/kWh 6 

4.8 0/kWh 

3.9 t/kWh 


0 Power rating of 55 kW, rotor diameter 15 m. 
b Power rating of 600 kW to 2.5 MW, rotor diameter 40 to 91 m. 
c All costs are estimated on the basis of mid-1981 prices, and are given in US currency. 
d List price of manufacturer (Nordtank), including all service during first two years but excluding 
Danish sales tax. Cost is given per square meter swept by rotor, A Danish customer Is also eligible 
for a 20% government subsidy and for substantial loan and tax benefits. 

0 Estimated mass production price for the Nibe turbines (Danish Dept, of Energy 1980). The cost 
of the prototypes has been exactly twice the quoted price. The quoted mass production price of 
the US Model 2, produced by Boeing, is also 425 $/m 2 (seri 1981). 
f Based on seri (1981), using a factor of 1.35 to convert from 1978 to 1981 prices. 

9 Based on performance tests for several commercial Danish wind generators erected at good wind 
sites. 

h Danish Dept, of Energy 1980. 

1 Averaged over the assumed 25-year depreciation period, using an annual cost escalation rate 
of 1,6% for coal and 3% for nuclear fuel (seri 1981). Conversion to 1981 prices is made as de¬ 
scribed above, The 1978 costs are 1.5 $/GJ for coal and 0,7 $/GJ for nuclear fuel, 

1 Operation and maintenance costs for wind generators, which are poorly known, have been put 
at 2,5 % of the capital cost, based on 10 years of operating experience accumulated with the Gedser 
turbine (Danish Electric Utilities 1962). For coal and nuclear, data from seri (1981) have been used, 
corrected as noted above. \ 

k All figures reflect 1981 prices. The assumptions are: depreciation time 25 years, annual market 
Interest rate 18%, annual inflation 12%, corresponding to present Danish conditions. The resulting ; 
qapital charge rate in 1981 prices is 7.35 % per annum, The comparison between wind-and fuel- 
based power generation is valid under the assumptions about capacity credit outlined below, It should 
be kept in mind that all comparisons of this kind are strongly dependent on the assumptions 
made. 



speed, whereas many pumps, known 
as constant displacement pumps, re¬ 
quire a constant torque. The result is 
a low efficiency at wind speeds other 
than the single speed at which the 
converter is designed to operate, with 
typical values of about 5% for overall 
efficiency in converting wind power to 
pumping power (Frenkiel 1978). 
There are various ways of solving this 
problem, such as constructing vari¬ 
able torque pumps, and it is expected 
that in many cases such direct con¬ 
version will be more economical than 
combining an electricity-producing 
wind machine and an electric pump, 
despite the potentially high conver¬ 
sion efficiency of the latter alterna¬ 
tive. 

Similar considerations may figure in 
heating applications, where the pos¬ 
sibility of direct conversion also ex- 
ists—for example, through the use of 
friction-forming converters that 
transform the rotating motion of the 
rotor shaft into turbulence either in 
water by means of a water brake or in 
oil by forcing the oil through a nozzle. 
These concepts require that the unit 
to be heated be close to a windy site; 
otherwise the wind-energy converter 
would have to be placed in a less than 
optimal location, or a means of 
transmitting heat would have to be 
added to the system. Since the cost of 
transmitting heat is higher than the 
cost of transmitting electricity, there 
would be a maximum distance be¬ 
yond which it would be preferable to 
use an electric generator and to 
transmit the electricity to a resistance 
heating device or a heat pump. 

The potential of wind energy as a 
source of propulsion is also” being 
considered anew. Wind power is of 
course already used extensively in 
pleasure boats, but sails may also lie 
a viable form of propulsion for large, 
cargo-carrying Bhips, using modest 
diesel engines as backup, Although 
transportation times might increase 
by some 20%, fuel savings of up to 80% 
would be available to cover the addi¬ 
tional cost of sails and the equipment 
required to set them automatically. 
The extra cargo space obtained by 
having to carry minimal fuel would he 
an added credit. 

Wind-fuel systems 

The output of a wind-energy con¬ 
verter varies over time, and usually in 
a fashion little correlated with varia- 
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lions in the use of energy. Some diesel fuel to the site may be very 
tasks—for example, irrigation and high, and thus even a fairly expensive 
certain industrial processes—may be wind-energy converter would be via- 
performed “as the wind blows,” but ble if there is wind in the region in 
an acceptable system must typically question, 
be capable of providing the majority 

of the energy supply on demand at Another situation of interest is that of 
any given time. As a first require- a well-established electricity network 
mcnt, then, a wind-energy system fed by a number of fuel-based gener- 
must be as reliable in making energy ators. These generators are variously 
available on demand as current fuel- classified as base-load units (long 
based systems. This may be achieved start-up times, little or no regulation 
by adding either a backup supply of power level), intermediate-load 
system that can be regulated as units (medium start-up times, some 
needed or a storage facility of suffi- regulation possible), and peak-load 
cient capacity. These alternatives, in units (rapid starts, close regulation), 
turn, will of course strongly influence with progressively lower capital costs 
the choice, of wind-energy system. and increasing costs of fuel per unit of 
electric energy generated. A utility 
The design of the individual wind- company operating a number of such 
energy converter may be tailored to a generators will value them according 


giveiVapplication by proper modifi- to these classifications and according 
cation of the relationship between to the reliability of each unit, con- 
wind speed and conversion efficiency, sidering, for example, the average 
If cost makes it necessary to restrict outage rate for each type of generator, 
the size of the backup or storage sys- The outage rate, which does not in¬ 
tern, a wind converter designed to elude planned shutdown-for in¬ 
start at low wind speeds and to fur- stance, to replace fuel elements in 
nish some power over a broad range of nuclear plants—is usually on the 
wind velocities may be preferred, order of 0.1, implying that a 90% 
Such a converter will operate for a availability is counted on, 
larger number of hours over the year, 

although at the probable expense of The ultimate criterion for the reli- 
a smaller annual energy production, ability of a utility system is the 
Another way to approach this prob- probability of loss of load, i.e., the 
lem without reducing annual energy probability of not being able to meet 
production would be to use an array demand. Given a target loss-of-load 
of individual converters located a probability of, say, less than 10 mm- 
considerable distance apart and thus utes per year, it can then be deter- 
in different wind regimes. If the wind mined by stochastic evaluation or by 
regimes differ substantially, the total experience how large an overcapacity 
power that the converters will deliver must be installed. The extent of this 
to a common distribution system- added capacity depends on the size 
for example, an electricity grid-will and mix of base-, intermediate-, and 
reach very low or very high values less peak-load units, as well as on the re- 
often than would be the case if all the liability of the individual generators, 
converters were placed together. Ac- The ratio between the maximum load 
cording to one calculation, positioning and the capacity required for meeting 
a set of converters an average of 240 a given loss-of-load criterion is one 
km apart would increase the per- possible definition of the capacity 
centage of time that half of the aver- credit” accorded to fad-baaedgra¬ 
nge power output was available from erators (see Haslett and Diesendorf 
50 to 70% (Molly 1977). 


In an isolated setting, for example a 
rural area without access to an elec¬ 
tricity grid, a supply system may 
consist of a wind-energy converter 
and a diesel generator with a rating 
sufficient to cover the maximum load 
alone. Here the wind converter acts 
solely as a fuel saver, and its cost 
should be compared with that of the 
fuel replaced. Since remote areas of 
this kind are often accessible only by 
poor roads, the cost of transporting 


Figure 2. This small cross-wind converter at 
Rocky Flats, near Golden, Colorado, is part of 
an extensive program sponsored by the US 
Department of Energy to test small wind sys¬ 
tems under various simulated and natural 
conditions. The overall objective of the pro¬ 
gram is to reduce the cost of wind energy gen¬ 
erated by small wind converters with residen¬ 
tial and rural applications. Test data are being 
gathered on both prototype and commercially 
available machines. 






1980). The capacity credit assigned to 
a wind-turbine installation is a mea¬ 
sure of its ability to function as more 
than a fuel-saver in a given utility 
system. 

If a certain number of wind-energy 
converters are added to a fuel-based 
system, it is likely—assuming the 
load distribution to be unaltered— 
that a larger maximum load can be 
accommodated within the chosen 
loss-of-load criterion. The ratio of this 
additional load to either the power 
rating or, better, the average output 
of the wind turbines would then be 
ascribed to the turbines as a capacity 
credit (Melton 1978). The point is 
that when wind energy is added to a 
utility system, the wind-energy con¬ 
verters can be assigned a capacity 
credit similar to that accorded fuel- 
based units. Only when the contri¬ 
bution of wind energy to the system 
becomes large will the capacity credit 
of the wind-energy converters de¬ 
crease (Fig. 3), and only then will it 
gradually become necessary to install 
full fuel-based backup capacity for 
each additional wind-energy unit. It 
has been proposed that because a 
demand for power may exist at times 
when there is no wind, a full capacity 
backup should be provided for each 
unit of wind contribution; but this is 
misleading, since it requires more of 
wind converters than is now required 
of fuel-based units. 

On the other hand, Figure 3 shows 
that the capacity credit drops rapidly 
as the contribution of wind to the 
system increases. The impact of this 
fact is diminished by the recent rise in 
fuel prices. Fuel now accounts for over 
60% of the life-cycle cost of electricity 
production in fossil power plants 
(Sorensen 1979; see also Table 1). The 
installation of wind converters in such 
a system may be viable simply by 
virtue of the fuel saved, and the pre¬ 
cise capacity credit accorded to the 
wind converters is therefore of minor 
importance in evaluating cost. What 
is important, however, is the extra 
burden of regulating the fuel-based 
units that serve as backup for the 
wind-energy converters. Consider¬ 
ations of start-up times and costs, as 
well as of the effect on cost of wind 
energy lost as a result of the finite 
shutdown time of fuel-based units, 
have led to the proposal that the 
maximum wind-energy contribution 
in a mixed wind-fuel system without 
storage or other renewable energy 
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Figure 3. In this model of a wind-fuel system 
without storage, the capacity credit assigned 
to wind power is shown as a function of the 
extent of its contribution to the system. Ca¬ 
pacity credit is defined here as that fraction of 
the average wind-power production which may 
be credited as firm capacity, given a loss-of- 
load criterion of under 0.001. The corre¬ 
sponding capacity credit given to fuel-based 
units in the system is 0.84, as indicated by the 
dashed line. The installed fuel-based capacity 
is 2.07 times the average load. (Data from 
Haslett and Diesendorf 1980.) 



Month 

Figure 4, The total energy production of a 
wind-hydro system depends on the amount of 
wind available and on the amounts of wateV 
running into the reservoirs used by the system, 
both of which vary from month to month and 
from year to year. Here variations in the water 
level of the Norwegian reservoirs used by a 
hypothetical Danish-Norwegian wind-hydro 
system are simulated by computer by com¬ 
bining three Danish wind years with an average 
Norwegian hydro year. The maximum annual 
deviations in water level caused by the power 
exchange with the wind system are +11% and 
--5%. Thes.e deviations are small compared 
with the natural variations caused by differ¬ 
ences in annual amounts of precipitation. 
(From Sorensen 1980.) 


contributions should be about 25% 
(Sorensen 1979). 

In the future, fuels such as methanol 
or hydrogen may replace fossil and 
nuclear fuels in the energy supply 
sector. In that case, combined wind- 
fuel and photovoltaic-fuel systems 
would be adapted to such “renew¬ 
able" fuels-—that is, fuels produced 
from biological material or, in the case 
of hydrogen, as a result of renewable 
energy conversion. The generation of 
electric power from ethanol, metha¬ 
nol, or hydrogen may eliminate long 
start-up times and lags caused by 
regulation. Gas turbines, fuel cells, 
and possibly also diesel engines run 
by methanol are ideal backup systems 
for wind energy because of their ease 
of regulation,. Most would ideally be 
operated in a cogenerating mode, 
producing heat as well as electricity. 
In such cases a heat-storage facility 
may be incorporated in order to 
handle the different load distribu¬ 
tions for heat and electric power (see 
Fig. 5). 

Wind-hydro 

combinations 

The simplest type of backup facility 
for wind energy is a hydroelectric 
system, because water-powered tur¬ 
bines can be started and regulated 
almost instantaneously. This combi¬ 
nation brings together two renewable 
sources of energy, both capable of 
producing high-quality energy such 
as electricity. If a hydro system is to 
provide full backup for a large num¬ 
ber of wind converters, it must be of 
the reservoir type. In such a system, 
water is stored in an elevated reser¬ 
voir and is either led down through 
the turbines in cases of insufficient 
wind power or held back if there is a 
surplus of wind power. A flow- 
through hydro system using a river 
cannot be broadly regulated and thus 
is unable to serve as a backup for wind 
energy. 

Not all regions have the potential for 
hydro power to be used in combina¬ 
tion with wind power. But there are 
regions that, lacking the possibility of 
hydropower conversion, nevertheless 
possess suitable reservoirs into which 
water may be pumped upward in case 
of a surplus of wind power. The use of 
two-way hydro turbines then permits 
this water to serve as a source of 
power in case of a shortfall in wind 
power. This is called pumped storage, 
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because such an installation stores 
energy rather than acting as a backup 
system. However, the use of hydro 
systems with reservoirs as backup 
facilities for wind energy also plainly 
involves the storing of energy. 

The first major trial of a wind-hydro 
combination is scheduled to take 
place at Medicine Bow, Wyoming, in 
1981 (Higginson 1980). A two-bladed 
turbine with a rotor 78 m in diameter 
mounted on the downwind side of the 
tower will be erected near the Colo¬ 
rado River hydro scheme to test the 
operation of wind and hydro con¬ 
verters in tandem. If the trial is suc¬ 
cessful, an array of wind-energy con¬ 
verters with a total capacity of 100 
MW will be installed. 

More ambitious wind-hydro systems 
have been proposed in California and 
in Scandinavia. The appealing fea¬ 
ture of such schemes is that wind- 
energy converters embedded in a 
hydro system of sufficient size may 
effectively obtain full capacity credit 
at a very low expense (Sorensen 
1980). This hinges on a crucial feature 
of the regions under consideration for 
such installations: the average sea¬ 
sonal variation in wind energy is to a 
considerable extent positively corre¬ 
lated with variations in load and 
negatively correlated with variations 
in the water level of the hydro reser¬ 
voirs. For this reason the impact on 
the water level in the reservoirs is on 
average very modest. If anything, the 
rise in water level tends to occur 


capacity credit, although strictly 
speaking the increase in turbine ca¬ 
pacity at the hydro installations 
carries a penalty in power rating. The 
point is that the power rating is not an 
adequate measure of capacity either 
for wind or for hydro installations. 
For wind turbines the proper measure 
of capacity may be the average power 
output at a given site, while for hydro 
installations it may be the average 
power of water flow over the year— 
neither of which is strongly correlated 
with the power rating of the genera¬ 
tors. 

A crucial feature of wind-hydro sys¬ 
tems is the variation in total energy 
production from year to year, Figure 
4 shows deviations in water reservoir 
levels for different Danish wind years 
combined with an average Norwegian 
hydro year (Sorensen 1980). The 
maximum deviation due to variations 
in wind conditions from year to year 
is 11% in the positive direction, 5% in 
the negative one—a total span of 16%. 
For comparison, the total span of 
variations due to differences between 
hydro years combined with the aver¬ 
age wind year in Scandinavia is 38%. 
(All percentages are of maximum 
reservoir storage capacity.) Further¬ 
more, long-term meteorological rec¬ 
ords show no correlation between dry 
years and years with less than average 
wind; there is rather, if anything, a 
weak correlation between dry years 
and windy years (NORDEL 1968-70). 
Thus the addition of wind generators 


to a hydro system does not make the 
problem of dry years worse, but may 
occasionally offer some relief. 

Wind-storage systems 

There are a number of situations in 
which energy storage facilities must 
be added to wind-energy systems 
despite the resulting increase in cost. 
An isolated wind-energy installation 
in a rural area may require such an 
addition, as may a developed energy 
system with large wind-energy con¬ 
tributions where fuel backup is un¬ 
available or too expensive and no 
hydro backup is possible, Wind-fuel 
systems in which rapid fluctuations in 
wind speeds exceed the capability of 
the backup facilities for regulation 
may demand the addition of a short¬ 
term storage facility to absorb the 
most rapid variations in power. The 
former cases require more substantial 
storage capacity, allowing smoothing 
of the power supply over longer peri¬ 
ods of time. Here also the long-term 
storage facilities may have to be sup¬ 
plemented by short-term storage, ei¬ 
ther because of the need for quick 
access or because of the large energy 
losses associated with many long¬ 
term storage systems, 

Examples of mechanisms for short¬ 
term energy storage are flywheels, 
compressed gas units, and bat¬ 
teries—the short length of time that 
energy can be stored by these meth¬ 
ods being mainly a result of limita- 


during the winter, when the wind 
power is highest and the water reser¬ 
voirs are being emptied, whereas 


deficits in wind power leading to W | NDY S]TE 


URBAN AREA 


withdrawal of water from the reser¬ 
voirs usually occur in summer, after 
the reservoirs have been filled by the 
melting of snow during the spring. 
Superimposed on these trends is a 
large amount of borrowing and 
repaying between the wind and the 
hydro systems on a shorter time scale, 
ranging from a few hours to a few 
weeks. 

The addition of wind-energy con¬ 
verters to a hydro system with suffi¬ 
cient reservoir capacity may require 
reinforcement of transmission lines 
and increased hydro-turbine capaci¬ 
ty, but does not require any enlarge¬ 
ment of the two main components of 
the hydro installations: dams and 
reservoirs. In this sense the wind- 
energy converters may be given full 


wind-energy 
converters 
with short-term 
storage units 




Figure 5. In this diagram of a wind-hydrogen 
system, surplus power is held in reserve for 
low-wind periods both in short-term units, 
where it is more immediately accessible, and in 
a long-term storage complex. In the latter it is 
first converted through electrolysis to hydro¬ 
gen, which is then stored in unite located away 
from populated areas; some of this hydrogen is 


made available by pipelines for use as fuel. 
When the surplus energy is needed, it is re¬ 
converted to electricity by fuel-cell units and 
is returned to the electricity grid. The waste 
heat produced by the fuel cells can be used for 
urban heating needs, with any surplus also 
stored in adjacent units. (From Sorensen 
1978.) 
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tions of size imposed by practical 
considerations. Among these options, 
the flywheel has the advantage of a 
very high efficiency for storage and 
regeneration of electric power. In the 
case of long-term energy storage, 
batteries may play a role; they have 
already been used for remote instal¬ 
lations. However, the decisive factor 
for long-term storage is a cost struc¬ 
ture in which the cost increases less 
rapidly than the volume of storage, 
and this seems most likely to be 
achieved through synthetic fuel 
storage systems. For instance, in a 
long-term storage method combining 
electrolysis, hydrogen storage, and 
fuel-cell regeneration, the main cost 
is concentrated in the first and last 
steps, while the storage of hydrogen 
for stationary applications is inex¬ 
pensive. By contrast, in battery stor¬ 
age the entire cost is likely to rise 
proportionally with the rise in storage 
capacity. 

An example of a wind-storage system 
using the three elements mentioned 
above is shown in Figure 5, The main 
storage medium is hydrogen, and the 
viability of the system has been in¬ 
creased by allowing some hydrogen to 
be used for nonelectric purposes and 
by placing the fuel-cell units in urban 
areas where waste heat can be utilized 
(Sorensen 1978). Since the cost of fuel 
cells is not closely related to the size 
of each unit, the scale of individual 
cogenerating fuel-cell units can be 
fully adapted to the needs of an indi¬ 
vidual building or industry. In the 
case of the electrolysis unit, on the 
other hand, an economy of scale can 
be obtained. It has therefore been 
placed close to the site of the wind- 
converter array and the hydrogen 
storage containers, which for safety 
reasons should not be located near 
densely inhabited areas. 

The addition of storage facilities to a 
wind-energy, system increases the 
capacity credit, eventually ap¬ 
proaching full credit. However, this 
fact is of interest only for short-term 
storage, because the capacity credit 
has a modest effect on energy cost, 
and long-term storage is bound to be 
a major cost factor in the system. The 
correlation between increase in stor¬ 
age capacity and increasing avail¬ 
ability of power is at first fairly 
strong, but levels off for storage ca¬ 
pacities exceeding twenty-four hours 
of average energy production. For 
storage methods with 50% efficiency 
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in storing and returning energy, a 
capacity for storing up to two months 
of average production may be re¬ 
quired if the loss-of-load probability 
criterion is to be met (Sorensen 1978). 
Thus the addition of facilities for 
long-term energy storage is a viable 
option only if alternatives such as fuel 
or hydro backup are not possible. 

Environmental impact 

The environmental impact of wind- 
energy systems derives in part from 
the converters themselves, in part 
from additional transmission or 
storage facilities. Substantial work 
has been done to assess the possible 
impact of free-stream turbines and to 
estimate the magnitude of various 
effects (see Sorensen, in press). Im¬ 
portant areas of concern are safety 
and health hazards, noise, and inter¬ 
ference with telecommunication as 
well as effects on ecosystems, work 
environment, visual environment, 
microclimate, and global climate. 

Safety hazards are similar to those 
found in the building industry, in¬ 
cluding the risk of falling from heights 
during construction and repair, and 
dangers arising from the failure of 
parts. Although the large units are 
designed to be fail-safe throughout 
their operating lives and are subjected 
to periodic inspections for fatigue of 
materials, it is clear from the histories 
of similar industries—for example, 
the aircraft industry, which also 
happens to be one main manufacturer 
of wind turbines—that unexpected 
accidents do occur and that the 
present low levels of risk have been 
achieved by gradual improvements 
over long periods of time. A number 
of partial and a few total failures of 
materials have occurred in turbines 
recently constructed. However, no 
injuries have been reported, and it is 
to be hoped that acceptable safety 
standards can be reached without 
initial fatalities. 


located in unpopulated areas, concern 
about safety should more properly 
focus on small units, which are 
sometimes placed close to inhabited 
areas. Several manufacturers of these 
units are small firms with little skill in 
predicting the safety of performance 
patterns. One solution to the problem 
might be to introduce firm legislation 
analogous to building codes and in¬ 
dustrial safety regulations. 


The aerodynamic noise associated 
with interaction between the turbine 
and the wind should also be consid¬ 
ered. This noise increases with wind 
speed, and part of it may have a fre¬ 
quency below the audible range. The 
intensity of such infrasound is great 
in the case of some downwind rotors. 
The cause seems to be interaction 
between the blades and the tower as 
vortices created by the passage of the 
wind around the tower periodically 
hit the rotating blades. The infra¬ 
sound waves thus produced may 
cause houses or other structures to 
vibrate. This phenomenon does not 
seem to be a general argument against 
the use of downwind rotors, because 
at least one large downwind ma- 
chine—that at the Tvind Schools in 
Denmark—does not have this prob¬ 
lem. It rather points to the necessity 
for care in design, so that no coherent 
sheets of vorticity can leave the tower 
and interact with the blades. The 
Tvind tower is divided into sections; 
several vortex sheets thus interact, 
possibly making the sound generation 
incoherent (N. Kelley, pers. comm.). 
Measurements for a number of up¬ 
wind rotors show that audible noise 
diminishes rapidly with distance, and 
acceptable levels are reached less 
than ten rotor-diameters away from 
the turbines. 

An additional difficulty may be dis¬ 
tortion of telecommunication signals 
when wind turbines create a scattered 
signal that interferes with the direct 
signal. Part of the scattering is caused 
by the tower, which acts like any 
other structure, and part is caused by 
the rotor blades. The extent of the 
latter depends on the blade material, 
being greatest for metal and smallest 
for glass fiber or wooden composite. 
Given a maximum acceptable dis¬ 
tortion, an interference zone around 
the wind turbine can be calculated 
(Sengupta and Senior 1978). If tele¬ 
vision reception is required within 
this zone, cable connection to an 
aerial outside the zone should be 
provided. 

The visual impact of technological 
equipment has a complex relation to 
our value systems. Many people think 
that suspension bridges, sailing ships, 
and wind-energy generators (at least 
those with smooth, cylindrical towers) 
have a functional beauty, whereas 
steel-truss towers carrying transmis¬ 
sion lines or the equipment for han- 



: be regarded as ugly and thus an un¬ 
desirable addition to the landscape. 
Certainly aesthetic considerations 
must figure in the siting of large ar¬ 
rays of wind-energy converters, and 
a great deal of effort has already been 
devoted to planning this aspect of the 
projected installations. As with other 
structures, the architectural solutions 
may be judged to be either more or 
less successful depending on the ob¬ 
server, but professional planners 
seem to agree that arrays of wind- 
energy converters can be integrated 
into most settings in such a way that 
they enhance the landscape rather 
than destroying its character (Nielsen 
1980). 

Possible effects of wind-energy con¬ 
version on climate have also been in¬ 
vestigated, but without revealing any 
discernable influence. It might be 
supposed that the reduction in wind 
speed produced by a wind turbine 
would modify patterns of precipita¬ 
tion and evaporation. However, 
measurements indicate that such ef¬ 
fects are well within the limits of the 
natural variability of microclimate 
even afew rotor diameters away from 
I the turbine (Rogers et al. 1977). 

Wind potential 

Performance data are available for a 
number of experimental wind tur- 
bines as well as for several smaller 


commercial generators (Table 2). 
However, performance depends on 
wind conditions during the period 
studied as well as on the design and 
quality of the generator, A breaking- 
in period immediately after the tur¬ 
bine is erected is usually followed by 
a test period of varying length, and 
only then does routine operation 
begin. These periods preceding rou¬ 
tine operation have been lengthy, 
especially for experimental turbines, 
and in some cases the goal is not the 
continuous production of power. 
However, several of the experimental 
programs have been specifically 
aimed at reaching a stage at which 
power can be fed directly into a utility 
electric grid by an unattended tur¬ 
bine. 

Table 2 gives data on the perfor¬ 
mance of a number of wind-turbine 
installations, all of which supply 
grid-quality electric power to large 
utility systems. The Riisager turbine, 
erected at Boddum, is one of about 
five hundred commercially manu¬ 
factured installations in the 22-55 
kW range operating in Denmark. 
Since it was one of the first to be 
erected, measurements for a fairly 
long period are available. It has only 
been possible to provide data for 
twenty-eight days of operation for 
unit A at Nibe, Denmark, but data for 
earlier constructions offering longer 
records of operation have been in¬ 


cluded: two converters operated by 
the Danish utility companies and lo¬ 
cated respectively at Bogfi and Ged- 
ser, and the MOD QA of the US wind- 
energy program. A total of four MOD 
oa units have been installed, but the 
turbine at Clayton, New Mexico, has 
the longest performance record, 

The data gathered indicate that total 
production in some cases falls below 
expectations. A decisive factor in this 
respect is the amount of outage 
caused by failure of components and 
by maintenance requirements. For 
instance, the poorer performance of 
the Gedser turbine during the ex¬ 
tended period of operation from 1958 
to 1967 as compared with the active 
test period from November 1959 to 
December 1961 is probably due to 
delays involved in bringing repair 
crews to the site and in securing re¬ 
placement parts. After all, this lonely 
wind generator in the utility system 
was experiencing a declining impor¬ 
tance during a time of ever-declining 
fuel prices. Outage is also a decisive 
factor in the performance of the 
newer machines, especially during the 
first years of operation, when many 
smaller problems occur, With in¬ 
creasing experience in the manufac¬ 
turing of series of identical units, 
these problems are expected to de¬ 
crease. Repair and maintenance work 
will also become more effective once 
wind energy becomes an accepted 


Table 2. Examples of measured performance of wind-energy converters 
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part of national and regional energy 
systems. 

In considering the possible contri¬ 
bution of wind energy in different 
parts of the world, it is useful to clas¬ 
sify the commercially available 
wind-energy converters according to 
size. Mini-converters with an average 
output on the order of I kW have ap¬ 
plications for remote sites such as 
lighthouses and ranger stations and 
for small irrigation systems. Small- 
scale wind-energy converters with an 
average output on the order of 50 kW 
have applications for rural villages in 
the developing countries and for 
farms, countryside industry, and 
nonurban groups of individual houses 
in the industrial parts of the world. 
Manufacturers of such converters 
estimate their potential market to be 
roughly 10% of all stationary energy 
use in the rural zones of regions such 
as North America and Scandinavia. 
In most cases electric power is pro¬ 
vided, even if the goal is space heat¬ 
ing, hot water, or pumping for irriga¬ 
tion. 

Large-scale use of wind energy is ex¬ 
pected to be based on modular sys¬ 
tems with wind-energy converters of 
medium (average output of 500 kW) 
to large (multimegawatt output) size 
supplying electric power to an ex¬ 
tended grid, In regions of the world 
where extended grids and a suitable 
mix of fuel-based backup power 
' plants already exist, some 20 to 25% 
of the electricity demand could be 
readily satisfied by wind power. This 
would correspond to some 1,200 tera- 
watt hours (TWh) annually, or 
about 15% of the present world use of 
electricity. To manufacture and erect 
the required number of converters— 
roughly 100,000 units with rotors 90 
m in diameter, similar to the Boeing 
machines now being installed for the 
Bonneville Power Administration at 
Goodnoe Hills, in the state of Wash¬ 
ington—would require about ten 
years, assuming no sudden change in 
industrial priorities but rather a 
dedicated effort by governments and 
utility companies. 

Wind-hydro combinations would 
allow another 1,200 TWh per year to 
be derived from wind in the in¬ 
dustrialized countries, still using only 
prime wind sites—seashores, ex¬ 
tended plains, and suitable mountain 
ridges. The time needed for this de¬ 
velopment may be on the order of 


twenty years, because in many cases 
it would be necessary to reinforce 
existing transmission lines. A gradual 
expansion of hydropower production 
to 2,700 TWh/yr in this part of the 
world is also assumed. Wind and 
hydro together could thus furnish 
about 5,000 TWh/yr by year 2000, or 
90% of the present electricity use in 
the industrialized part of the world. 

For the rest of the world—mainly 
developing countries—a system of 
this kind would require major efforts 
to expand hydropower production, 
extend grid systems, and build 
wind-energy converters. The time 
needed for such an enterprise would 
be thirty to fifty years or more. Large, 
untapped hydro resources are avail¬ 
able in Africa and South America, 
and a consideration of the relative 
costs of wind and hydro installations 
may lead to the conclusion that only 
hydro should be developed for some 
time in the future. However, this 
policy could not be implemented 
much faster than the alternative de¬ 
scribed above, because the grid sys¬ 
tem has to be formed at the same 
time. Although a wind-hydro scheme 
is likely to be adopted ultimately, the 
immediate developmental issues are 
related to the needs of rural com¬ 
munities, where neither large-scale 
wind nor large-scale hydropower are 
relevant at present, but where 
small-scale wind-energy converters 
could play an important role in 
supplying power for lights, appli¬ 
ances, and food preservation and for 
pumping water for household use and 
for irrigation. 

The ultimate practical yield of wind 
energy may amount to some 10,000 
TWh/yr globally, or 0.1% of the 
amount of solar energy expended to 
maintain global circulation (see So¬ 
rensen 1979), representing a sub¬ 
stantial, economically viable contri¬ 
bution to the solution of the energy 
problem. 
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Sherwin Cariquist Chance Dispersal 

Long-distance dispersal of organisms, widely 
accepted as a major cause of distribution patterns, 
poses challenging problems of analysis 


Instances of chance dispersal have 
been observed and reported from 
time to time, and many biogeogra¬ 
phers believe that this phenomenon 
has played an important role in the 
natural distribution of plants and 
animals. Yet other scientists doubt 
that such occurrences as seeds or 
snails clinging to birds’ feathers can 
account for the development of the 
floras and faunas of entire islands, 
viewing these events as freak hap¬ 
penings of no significance. This paper 
will discuss examples of chance dis¬ 
persal, and will outline another 
prominent theory for the spread of 
organisms. 

Charles Darwin was interested in the 
phenomenon of dispersal to islands 
because his theory of evolution dic¬ 
tated that a given species orginated 
only once, and then spread thereafter. 
The alternate idea that a species 
could originate independently in 
various places throughout the world 
required an essentially Lamarckian 
explanation. Thus in Darwin’s 1859 
correspondence with Sir Joseph 
Hooker, for example, he mentions 
with delight Milner’s discovery that 
nestling petrels on the Scottish island 
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of St, Hilda had West Indian seeds in 
their crops. 

In this case it seems unlikely that the 
petrels themselves carried the seeds 
from the West Indies to St. Hilda. 
Rather, the adult petrels may have 
picked up the seeds along Scottish 
beaches and fed them to juveniles; the 
Gulf Stream deposits seeds from the 
West Indies on the shores of the 
British Isles. However, this example 
does show the tendency of marine 
birds to ingest seeds, and could also 
explain how seeds deposited on a 
beach by ocean currents could reach 
an upland locality more suitable for 
their growth. Other examples of ma¬ 
rine birds consuming seeds and fruits 
appear in Ridley’s wonderful com¬ 
pendium of instances of seed disper¬ 
sal (1930), which lists so many ob¬ 
served occasions of dispersal of all 
kinds that the chance events seem to 
add up to a genuine phenomenon, 
that of long-distance dispersal. 

Guppy (1906) devoted most of a vol¬ 
ume to his observations on plant dis¬ 
persal in the Pacific. He noted dis¬ 
tributions of plants in the region and 
attempted to find a correlation with 
means of dispersal, The easiest 
method of dispersal to test is that of 
flotation in seawater, and Guppy’s 
book contains an overwhelming 
amount of data showing which seeds 
and fruits float, and for how long, One 
can only imagine that Guppy lived for 
years surrounded by jars of floating 
seeds, His experiments predictably 
showed that most beach plants are 
dispersed by seawater, and revealed 
similar dispersal possibilities for some 
inland plants, such as the vines Ent- 
ada and Mucum , which must drop 
seeds into rivers or in some places 
overhang the seacoast. However, 


Guppy’s studies focus mainly on the 
dispersal of beach plants, and we 
must therefore look elsewhere for 
examples of other kinds of chance 
dispersal. 

Other documented instances of. dis¬ 
persal show the surprising range and 
variety of the phenomenon. Small 
snails have been found adhering to 
bird feathers in a number of cases 
(Vagvolgyi 1975), and seeds discov¬ 
ered in bird feathers and in the mud 
on birds’ feet have been successfully 
germinated (Wallace 1895). Rand 
(1955) noted that the purple gallinule, 
known as a chance visitor to Tristan 
de Cunha for many years, has finally 
formed breeding colonies there, and 
similar instances of dispersal of bird 
species followed by establishment 
have been recorded by MacDowall 
(1978), Wheeler (1916) reported that 
ants survived a journey of about 5 km 
in a floating log from the Brazilian 
coast to Sao Sebastiano Island. 
Monarch butterflies, which occa¬ 
sionally migrate over the Pacific, were 
observed to establish colonies on 
Canton Island by Zwaluwenberg 
(1942), who also noted the simulta¬ 
neous establishment of the food 
plants they needed. When I visited 
Pearl and Hermes Reef in Hawaii, I 
noticed that numerous Mucum seeds 
had floated ashore. A few were ger¬ 
minating, but these soon withered in 
the hot sun, since Mucum grows 
successfully only in wet forest. This 
example, like many of the preceding 
ones, indicates that, rare as events of 
chance dispersal are, adverse ecolog¬ 
ical conditions may be a greater ob¬ 
stacle to the establishment of a 
species in a new location than trans¬ 
port itself. 

The ideal site for the study of chance 
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Figure 1. Evidence suggests that there were 272 the relationship of Hawaiian angiosperms to 
hypothetical ancestors of Hawaii’s flowering other angiosperm species point to long-distance 
plants, arriving from various regions, Biologists dispersal as the source of the island’s flora, 
agree that both the patterns of distribution and (Data from Zimmerman 1948,) 


dispersal is an island, because an past was Krakatau, in the strait be- 
island represents the ultimate test of tween Java and Sumatra. In 1883 
long-distance transport. If a seed Krakatau erupted with extraordinary 
transported by wind falls to the violence. Very few species, if any, 
ground, it can be picked up again, but survived. Fortunately, the signifi- 
if it falls into the sea, the dispersal cance of the island was appreciated, 
event usually ends, An ideal island and studies were begun soon after the 
would be one newly emerged from the eruption, Reports covering fifty years 
sea, not previously in contact with of recovery of life on the island have 
any land mass, and completely devoid been prepared, for animals by Dam- 
of any life at its time of origin. It mermann (1948) and for plants by 
should be large enough and high Docters van Leeuwen (1936). 
enough to support various types of 

life, and should be in a climatically These studies show that both plant 
favorable part of an ocean. The island and animal species appeared slowly in 
should be well removed from conti- the years following the eruption; then, 
nents and other islands: if dispersal is as soils and plant cover formed, the 
too easy, one learns little, rate of immigration accelerated. 

Later, when the number of species 
Though no such ideal site is now began to approach what might be 
available for study, the island of expected on a small island in this re- 
Surtsey, near Iceland—too close to gion, there were fewer new coloniza- 
Iceland and in too unfavorable a cli- tions, Although the distances tra- 
mate to have shown a great deal since versed were small-Krakatau is only 
its emergence in 1963—has never- 45 km from Java, and an even shorter 
theless illustrated some dispersal distance from other islands—the or- 
phenomena well (Einarsson 1967). ganisms that appeared could all be 
Beach plants dispersed by drift, such said to have good dispersal mecha- 
as sea rocket {Cakile ),were the first nisms. The studies of Krakatau firmly 
to arrive. support the idea that chance dispersal 

over long distances occurs, but since 
The island closest to the ideal in the the island is not on the scale of, say, 
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the Hawaiian Islands, some scientists 
have been reluctant to concede that 
this phenomenon is capable of ex¬ 
plaining the colonization of larger 
areas. 

Experiments with chance 
dispersal 

Neither random observations nor 
data on the forms, attachment de¬ 
vices, and viability of seeds, fruits, 
and eggs offer as broad a picture as 
one could wish. Hence some biologists 
have attempted to test possibilities of 
dispersal in such a way that quanti¬ 
fiable and repeatable data can be 
obtained. For example, experiments 
have been carried out on the dispersal 
of seeds by shorebirds. Vlaming and 
Proctor (1968) have shown that 
shorebirds confined in pens will eat 
seeds, retaining them in the case of 
the killdeer for as long as 120 hours. 
Killdeer fly at speeds of 80 to 100 kph, 
and could thus disperse seeds over a 
range of more than 8,000 km in non¬ 
stop flight. Shorebirds retain large 
seeds longer than small seeds, so that 
long-distance dispersal of seeds the 
size of olive pits is not at all in conflict 
with the observed biology of these 
birds. 

Although the transport of seeds over 
distances as great as 8,000 km is rare, 
we should remember that the rare 
does occur. If such events were com¬ 
mon, the flora and fauna of each cli¬ 
matic zone would long since have 
been homogenized the world over— 
which is not the case. The fact that so 
many Hawaiian plant and animal 
species have evolved new character¬ 
istics distinguishing them from 
species in the source areas indicates 
that most of them were introduced in 
Hawaii only once, then never rein¬ 
troduced by a second natural event of 
long-distance dispersal. 

Williams and Williams (1978) have 
used sources of evidence such as radar 
to document the large numbers of 
individuals that participate in hire! 
migrations. At Palo Alto Marsh in 
California as many as 11,700 migrat¬ 
ing shorebirds have been counted on 
a peak day; 4,000 to 5,000 individuals 
is not an unusual number (Jurek and 
Leach 1971,1972), Given these large 
numbers, transportation of seeds on 
bird feathers is easily believable. It is 
not even necessary, at this rate, to 
invoke numerous species of birds as 
agents; only a few species of birds and 


many years would be sufficient to ef¬ 
fect dispersal. 

Another type of experimental evi¬ 
dence has been supplied by the en¬ 
tomologist J. Linsey Gressitt and his 
co-workers (1958,1961). Using nets 
attached to ships and airplanes, they 
recovered airborne insects in areas far 
from land. The insects they collected 
belonged to the same families as those 
native to islands, suggesting that in¬ 
sular insects represent groups espe¬ 
cially well adapted to flotation in air. 
The insects caught were also small in 
body size—as are, in general, the in- 
. sects of oceanic islands. Interestingly, 
snails on Pacific islands also have 
small body sizes or are derived from 



types with small body sizes (Vagvol- 
gyi 1975), making them more likely 
candidates for dispersal by birds now 
or at some earlier point in their evo¬ 
lution. 

The Hawaiian criterion 

An insular biota is itself a collection 
of evidence in support of long-dis¬ 
tance dispersal of plants and animals, 
offering a living archive of dispersal 
events. The flora and fauna of the 
Hawaiian Islands are an interesting 
case in point. Darwin and Wallace 
considered the Hawaiian chain to be 
oceanic islands, never connected to 
other land masses, an opinion rein¬ 
forced by the added evidence of sea¬ 
floor spreading (Menard 1956; Men¬ 
ard and Hamilton 1963; Dalrymple et 
al. 1973). The Leeward Hawaiian 
Chain, extending westward from 
Kauai and Niihau to Midway, is a 
remnant of the older Hawaiian 
Islands. Further to the west, Midway 
is an atoll marking a still earlier series 
of islands, while the Emperor Sea¬ 
mounts, stretching toward Siberia, 
may be the most ancient portions, the 
beginning of these arcs of islands. 

No one has claimed that any of these 
islands were ever connected to a 
continent, and biologists who have 
studied the flora and fauna of the 
Hawaiian Islands universally agree 
that the biota is the result of chance 
immigrations. Both the distribution 
patterns shown by Hawaiian species 
and their relationships to other 
species are compatible with the hy¬ 
pothesis that they reached the island 
by long-distance dispersal. “Step- 
ping-Btone” islands may have helped, 
but the intervening distances were 
still undoubtedly long ones. Certainly 



Figure 2, Biologists believe that Hawaii’s 
flowering plants were introduced by a number 
of modes of chance dispersal. Some of the seeds 
and fruit9 characteristically transported in 
these various ways are pictured here. Fleshy 
fruits such as Vaccinium dentatum (top) are 
often consumed by birds, which retain and 
later disperse the seeds, accounting for 38.9% 
of the 272 arrivals hypothesized. Bidens pilosa 
is typical of a number of barbed or bristly seeds 
or fruits that become attached to birds’ feath¬ 
ers (12.8%), whereas Lobelia cardindis is 
representative of various small seeds that 
readily adhere to the mud on birds’ feet or 
lodge in crevices in their feathers (12,8%). 
Viscid seeds or fruits such as Pisonia umbelli- 
fera also frequently adhere to birds (10.3%), 
Other methods of dispersal by which Hawaiian 
flora arrived are flotation in ocean currents 
(14.3%), rare forms of ocean flotation such as 
rafting, or attachment to floating logs or vege¬ 
tation (8,5%), and flotation in upper air cur¬ 
rents (1.4%), Less important methods account 
for the remaining 1%. The seeds and fruits 
shown are respectively about 10 mm in diam¬ 
eter, 15 mm long, 1,5 mm in diameter, and 3 cm 
long, (Percentages are from Carlquist 1974.) 


the plethora of animals and weedy 
plants that have been introduced by 
humans and gone wild in the Hawai¬ 
ian chain shows that ecological con¬ 
ditions there are suitable for many 
more kinds of organisms than arrived 
in prehuman times. 

By grouping species probably evolved 
from a common ancestor since that 
ancestor arrived on the Islands, biol¬ 
ogists have arrived at the minimum 
number of hypothetical immigrants 
needed to account for the Hawaiian 
flora and fauna; 272 flowering plants, 
37 ferns, 233 insects, 22 land molluscs,: 
and 7 land birds (Zimmerman 1948), : 
Experts on various taxonomic groups 
have compared the Hawaiian species 
with their probable mainland rela¬ 
tives, thereby obtaining a picture of 
the geographical affinities of Hawai¬ 
ian plants and animals (see Zimmer¬ 
man 1948). Figure 1 shows the results 
for flowering plants. Although other 
plant and animal groups probably 
have similar geographical sources, 
flowering plants, having the greatest 
number of hypothetical immigrants, 
demonstrate the contributions of the 
various source areas most clearly. 

The sources of Hawaiian flowering 
plants are highly diverse, and each 
probable dispersal event has its own 
logic. That logic is dictated by two 
things: a method of transport, and an 
equivalence between the ecology of 
the source area and that of the recip- 
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ient area, Plants of wet Hawaiian 
forests are related to plants of the 
southwestern Pacific, where similar 
wet forests occur, Plants of dry alpine 
Hawaii show a kinship mostly with 
plants of the dry southwestern United 
States and adjacent Mexico, whereas 
Hawaiian beach plants are related to 
beach plants of other tropical Pacific 
islands and tropical continental 
shores, The evolution of Hawaiian 
plants after their arrival has included 
gigantism of fruits and loss of dis- 


currents too cold to favor successful 
transport of seeds. Judging from the 
appearance and size of the seeds of 
Hawaiian plants (Fig, 2), only a few 
arrived this way. 

The numerous beaches and atolls of 
the Pacific have contributed some 
floatable seeds and fruits to Hawaiian 
shores, but , the quantity is by no 
means generous. The currents run¬ 
ning east and west across the equa¬ 
torial Pacific effectively bar the rich 


land birds are good dispersers there. 
Shorebirds, which are known to in¬ 
clude a certain proportion of seeds 
and fruits in their diet, are capable of 
traversing oceanic distances and can 
thereby serve to transport these 
plants from one land mass to an¬ 
other. 

Guppy (1906) envisioned a now- 
vanished race of migratory pigeons 
that once crossed the Pacific carrying 
seeds. While the existence of such 
pigeons seems unlikely, the Torres 
Strait pigeon does migrate from 
southeastern Australia to New 



Osmrhha depauperata 


Figure 3. Two closely related herb species of the. also occurs in two widely separated localities on 
same genus —Qsmorhiza occidentaiis and 0, the two continents (right), These and similar 
glabmta—m found in widely separated areas disjunctions in the locations of flowering plants 
of North and South,America (left), A single can be explained by the migratory routes of 
species of this same genua, 0. depauperata, birds, (From Constance 1963.) 


persibility, and thus the seeds and South Pacific beach flora from 
fruits of species alive today are not reaching the Hawaiian chain. More- 
necessarily exactly like those of the over, beaches comprise only a small 
hypothetical immigrants (Carlquist proportion of the Hawaiian Islands, 
1974). so that plants drifting into the region 

have only limited habitat niches 
The popular impression that wind or , available, 
ocean currents provide the most ef¬ 
fective means of transport does not Far more of the volcanic island is 
seem to be justified, if one considers upland forest with moderate toheavy 
how the genera that comprise the rainfall, and even though dispersal of 
Hawaiian flora behave in flotation fleshy fruits by birds seems a rela- 
experiments, or what is known of tively unreliable method of trans- 
their dispersal elsewhere, Although portation, it has succeeded to a re¬ 
air flotation accounts for the arrival markable extent with the help of 

of insects and plant spores in Hawaii, these favorable ecological conditions 
the distance is apparently too great (Fig. 2). Plants with fleshy fruits are 
and the temperature of the upper air abundant in tropical forests because 


Guinea each year—a very great dis¬ 
tance. Moreover, five kinds of shore- 
birds known to eat seeds and fruits 
migrate annually from North Amer¬ 
ica to Hawaii or further south. Some, 
such as the Pacific golden plover, go 
as far south as the Marquesas, Tahiti, 
or Tuamotu islands. Contrary to what 
their name suggests, shorebirds may 
visit inland areas with some regular¬ 
ity. Marine birds also occasionally eat 
seeds, but certainly fewer than 
shorebirds do. 

External attachment of seeds and 
fruits to birds has also played an ap¬ 
preciable role in the dispersal of flora 
to Hawaii (Fig. 2). Seeds or fruits be¬ 
come attached to birds by bristles or 
barbs, by viscid coverings, or by virtue 
of being so small that they catch in 
the crevices of feathers or in mud or 
other substances adhering to birds, 
Fewer plants have reached Hawaii in 
this fashion than have traveled there 
as fleshy fruits inside birds, but rela¬ 
tively few seeds and fruits are adapt¬ 
ed to such transport. However, the 
proportion of seeds and fruits that 
have arrived externally on birds is 
higher than the incidence of adapta¬ 
tions favoring transport in continen¬ 
tal floras, suggesting that the adap¬ 
tations have operated very well in¬ 
deed where the distance to be tra¬ 
versed is great, as here. An advantage 
of external transportation is the fact 
that once a seed or fruit is attached to 
the bird, the time involved in migra¬ 
tion is immaterial: the only require¬ 
ment is that the bird must remain 
long enough in the new location to 
preen its feathers, thereby inadver¬ 
tently dislodging the seed. 

In the world flora at large, there are 
numerous seeds or fruits that have 
hooks or barbs, sticky coverings, or 
minute size. On continents, these 
adaptations serve to hitch seeds to 


terrestrial mammals that live at 
ground level near the seeds. However, 
mammals obviously cannot tra¬ 
verse long oceanic distances, so the 
feathers of migratory birds provide a 
substitute animal surface where dis¬ 
persal to islands is involved, Any 
plant with these adaptations that 
grows near the nesting or foraging 
grounds of shorebirds or marine birds 
is a likely candidate for dispersal in 
this fashion. Since most of these 
nesting or foraging areas tend to be 
located in lowlands rather than in wet 
upland forest, externally transported 
seeds and fruits in the Hawaiian flora 
are mainly found at lower eleva¬ 
tions. 

Herbs of North and 
South America 

Long-distance dispersal must also 
have operated in the case of a series of 
herbs—mostly annuals—found in 
Chile and California dr nearby regions 
(Fig. 3). Constance (1963) and others 
have documented this series of plants 
(more than 100 species are involved), 
in which closely related species—or in 
a few instances the same species— 
occur in small pockets of Chile and 
North America, with enormous dis¬ 
tances in between. The great simi¬ 
larity of the species in the two regions 
can only mean that they have been 
distributed recently—probably less 
than 5 million years ago at most- 
since as time elapses the herbs will 
naturally evolve into quite different 
species or genera. 

Not only must this disjunction be the 
result of a rather recent dispersal; the 
dispersal agent must be a good one. 
Humans, who are notoriously good 
dispersal agents, can be ruled out 
here, because the species involved do 
not follow the patterns of weeds or 
other plants known to be carried 
around the world by humans, Nor 
does tectonic plate movement seem to 
; be a possible explanation: the pattern 
is too recent, the distances too great, 
and the crustal movements of the 
earth have, in fact, worked contrary 
to this distribution. North and South 
America have been moving slowly 
toward each other, not diverging. The 
connection of South America to 
North America via Panama has come 
into existence only recently, and the 
gap of ocean between the two conti¬ 
nents in the Pliocene and earlier 
would have made migration more 
difficult. 


However, at least seventeen species of 
shorebirds and marine birds are 
known to migrate over this route 
every year. Of these, ten shorebii'd 
species have been seen to feed on 
seeds, berries, or other plant material 
(Collins 1974). Two of the shorebird 
species are often seen well inland, so 
that distribution of inland as well as 
coastal plants can be attributed to 
birds. Moreover, during wetter peri¬ 
ods of the Pleistocene, swampy, low- 
lying areas attractive to shorebirds 
were widespread in both Chile and 
California. Plants now more re¬ 
stricted in distribution probably grew 
along the muddy shores of ponds, 
swamps, or even inland seas such as 
the one then occupying the San Joa¬ 
quin Valley in California. 

Transport of seeds and fruits on or in 
birds can account for virtually all of 
the disjunctions of the Chile-Cali- 
fornia herbs (Fig, 4). Only a single 
instance, the morning glory Calyste- 
gia soldanella, requires another ex¬ 
planation, Although the seeds of this 
plant float in seawater, it would have 
been virtually impossible for them to 
have floated from North to South 
America or vice versa, because the 
currents in the intervening area 
would have swept floating seeds 
westward into the equatorial Pacific. 
However, the'seeds could have drifted 
from a Pacific locality to both North 
and South America; Calystegia 
soldanella also occurs in Australia, 
New Zealand, and Japan, as well as in 
the Atlantic, 


Figure 4. The presence in temperate South 
America of 106 herb species either identical 
with or closely related to North American 
species has been attributed to the migratory 
patterns of birds, Herb seeds or fruits with 
various adaptations that enhance the possi¬ 
bility of transport by birds are shown here. 
Species with barbed or bristly seeds or fruits, 
such as Cardionema ramosissi/na (top), ac¬ 
count for 42.4% of the 106 cases of dispersal,. 
Scirpus neuadensis is a member of a group of 
seeds or fruits consumed by birds as fodder and 
later excreted in new locations; of the 106 
species, 19.9% are believed to have traveled in 
this fashion. Viscid seeds or fruits that become 
attached to birds’ feathers, here represented by 
Carpobrotus inequilateris, account for an ad¬ 
ditional 18,9%, while small seeds like Ortho¬ 
carpus attenuate, easily carried in mud or 
sticky substances on birds’ feet or on their 
feathers, account for 15.1%. Less important 
methods of transport account for the remaining 
3.7%. The fruits and seeds shown are respec¬ 
tively about 4,2,1.4, and 1,6 mm in size, (Per¬ 
centages are from Carlquist, unpubl.) 


612 American Scientist, Volume 69 










Vicariance biogeography 

The nonreproducible nature of 
chance dispersal events makes their 
analysis by use of statistical methods 
difficult, if not impossible. However, 
some biogeographers who have felt 
the need for rigorous precision have 
invented a methodology known as 
vicariance biogeography. Does this 
method indeed solve problems of 
distribution, or is it merely applicable 
to cases where organisms move only 
short distances over long periods of 
time? 

Vicariance biogeography assumes 
that patterns of distribution follow 
geographical and climatic events such 
as the breaking apart of land 
masses—continental drift—and 
major shifts of wet and dry, cold and 
Warm. If several groups of plants or 
animals independently show the same 
distribution patterns, the proposed 
explanation is seen as more likely, 
Replicate patterns have been appre¬ 
ciated since the time of Hooker 
(1860), who thought that the southern 
continents must have once been in¬ 
terconnected because of the many 
organisms they share. However, vi¬ 
cariance biogeography as a method¬ 
ology may be said to have begun with 
the writings of Croizat (1958,1962). 
A lucid account of the methods of vi¬ 
cariance biogeography has been of¬ 
fered by Wiley (1980), on whose ac¬ 
count the following summary of pro¬ 
cedure is based. 


moss Yj 



fish C 


ABC X Y Z 



12 3 '12 3 



Figure 5, In this area cladogram, the phyloge¬ 
netic relationships of two groups, fish and 
moss, confined to three areas of endemism are 
analyzed, After the ranges of the two groups 
have been determined (top), possible evolu¬ 
tionary trees are formulated and compared 
[middle). The area occupied by each species is 
then substituted for the species name (bottom), 
In this imaginary example, there is a complete 
match between the phylogenetic tree of each 
group and that for the areas in which they 
occur, suggesting that common factors affected 
the evolution and distribution of the two 
groups. (From Wiley 1980.) 


in a single group from the common 
factors present in the evolution of all 
the groups considered. 

Does this scheme work in practice? 
Separating “unique” from “common” 
factors might be a troubling task, 
possibly involving arbitrary or intui¬ 
tive assessments. However, propo¬ 
nents of vicariance biogeography 
point to the compelling nature of 
replicated patterns, once these have 
been located. 

Even supposing that an objective or 
less subjective method is used to lo¬ 
cate unifying patterns, does this work 
for all situations? Chance dispersal 
over time, widening the area occupied 
by a species or suddenly causing a 
species to skip to new areas, would 
destroy identity of patterns, If one of 
the species of moss in Figure 5 begins 
to colonize new areas by dispersal, 
whereas the fish do not, the general¬ 
ized track would at first be altered, 
and eventually might be obscured to 
the point where an original pattern 
could no longer be discerned. A weedy 
species would, in fact, be expected to 
spread in just such an irregular 
fashion. 

The majority of vicariance biogeo¬ 
graphers concede that long-distance 
dispersal exists, but they feel that it 
creates at most a minor “noise level” 
superimposed on the basic patterns 
dictated by geological history, such as 
tectonic plate movements or the ris- 


The biogeographer first collects data 
on the distribution of particular plant 
and animal groups, and these data are 
then plotted on maps to produce 
patterns : of distribution called 
“tracks,” Tracks that simulate or 
replicate each other are now sought. 
A common pattern of distribution for 
several different groups would be 
called a “generalized track.” This 
type of activity, known as “track 
synthesis,” is considered a reduction 
of basic data. 

Next, the biogeographer identifies 
areas of endemism, or the restriction 
of species to particular areas, By 
grouping species restricted to these 
areas, it is possible to analyze the 
phylogenetic relationships of the 
various species in an attempt to form 
probable evolutionary trees for the 
organisms, The investigator asks two 
questions: What is the scheme of re¬ 
lationships among species of the or¬ 


ganisms occupying the endemic 
areas? Do the interrelationships of 
the organisms reflect the geologic 
histories of the areas? 

The biogeographer then formulates 
various possible evolutionary trees, 
trying to find a match with the pat¬ 
tern of areas inhabited, To do this, 
the area in which a species is found is 
substituted for the species name in 
the evolutionary hypothesis. Such a 
hypothesis is called an “area clado¬ 
gram.” Figure 5 analyzes the phylo¬ 
genetic relationships of two groups, 
fish and moss, confined to three areas 
of endemism. Patterns will be similay 
to the extent that common or general 
factors affected the evolution and 
distribution of two or more groups of 
organisms. In order to find such sim¬ 
ilarity, the biogeographer must be 
able to separate unique factors found 


ing of a mountain chain. They believe 
that most species respond to geolog¬ 
ical and climatic changes similarly, 
and that species leave traces of their 
responses in their distribution pat¬ 
terns. The sum of similar responses, 
in the opinion of these scientists, 
amounts to statements of statistical 
likelihood and attendant verification 
or falsification. But is dispersal by 
plants or animals to new areas so slow 
or infrequent that basic patterns are 
not obscured? Gan this “noise level” 
become so loud that no basic pattern 
other than long-distance dispersal 
itself is evident? 

Vicariance biogeography seems to 
come closest to explaining the situa¬ 
tion when an organism is capable of 
dispersing only over very short dis¬ 
tances, and therefore shifts to new 
ecological zones very rarely or ex¬ 
tremely slowly. Freshwater fish not 
adaptable to brackish water or sea¬ 
water are such organisms, It is no ac- 
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cident that the most vocal proponent 
of vicariance biogeography, Rosen 
(1975), studies such fish. Those who 
investigate organisms capable of 
long-distance dispersal and those who 
study islands or other areas that were 
probably populated by long-distance 
dispersal have not adopted the 
methods of vicariance biogeo¬ 
graphy, 

Oceanic islands and areas such as 
those colonized by the disjunctive 
herbs we have described above are not 
the only places where long-distance 
dispersal may prevail, Many groups 
of organisms characteristically excel 
at dispersal and are found in multiple 
environments. Algae, fungi, and pro¬ 
tozoa are among groups with little 
endemism: a species found in Europe 
is often also found in Australia or 
South Africa and at any suitable lo¬ 
cation in between. Can these organ¬ 
isms, or relatively dispersible groups 
such as flowering plants, ferns, in¬ 
sects, and land snails, illustrate the 
movement of tectonic plates? Only a 
few families of flowering plants have 
distributions that suggest continental 
drift (Thorne 1972); indeed, only 
older groups of flowering plants, be¬ 
cause of their time of origin, could be 
expected to show such distribu¬ 
tions. 

It is also apparent that we may find 
clues to the reason for a particular 
distribution pattern by taking into 
account factors other than phyloge¬ 
netic trees and endemic areas. A good 
example of this is seen in the plants of 
the African volcanoes, which are 
mainly related to European plants, 
and those of the Andean volcanoes, 
which show a strong affinity with 
plants of temperate North America. 
Both of these high-altitude environ¬ 
ments require plants adapted to cold, 
Tropical plants are apparently unable 
to make this adaptation readily be¬ 
cause of the long period of time nec¬ 
essary for the numerous changes re¬ 
quired, whereas Europe and temper¬ 
ate North America are rich in plants 
. adapted to cold. The plants of these 
two areas, moreover, tend to have 
evolved good dispersal mechanisms 
because of the mountainous, discon¬ 
tinuous terrain in which they live. 
The appearance of these plants in the 
new African and Andean locations 
suggests that these mechanisms are 
capable of operating over very long 
distances as well as over fairly short 
ones. 


A new synthesis? 

Most modem investigators combine 
tectonic plate movement with chance 
dispersal in some fashion to explain 
present-day distributions (e.g., Raven 
and Axelrod 1974), The problem is 
not whether chance dispersal occurs, 
but the extent to which the patterns 
we see have been caused by it, and 
how, if such patterns occur fre¬ 
quently, we may analyze them, 

One possibility involving both tec¬ 
tonic plate movement and long-dis¬ 
tance dispersal should be mentioned: 
Was there interchange among conti¬ 
nents while they were moving apart? 
Too often, it seems to have been as¬ 
sumed that interchange essentially 
ceased when the rifts were initiated. 
However, suitable habitats for a given 
organism are often distributed in a 
scattered fashion, and there is not 
much difference between habitats 
scattered on a single continent and 
those scattered on two continents still 
close to each other, Most families of 
flowering plants have patterns in 
which dispersal among continents 
after the split has been a major factor, 
If such a small target area as the Ha¬ 
waiian Islands has received so many 
successful colonists in such a short 
time, could not a continent receive 
many more? Unfortunately, the tools 
available to analyze and identify this 
phenomenon are poor, and the results 
are not in any range of statistical sig¬ 
nificance. 

The desire of vicariance biogeogra¬ 
phers for methods that can operate 
with precision is understandable, 
since biogeography is a field with lit¬ 
tle unanimity in interpretations, The 
refinements of geology are now mak¬ 
ing interpretations a little more cer¬ 
tain: the hypothetical land bridges 
once erected or obliterated with 
abandon by some biogeographers 
cannot be entertained in the hard 
light of newer geological evidence, 
However, our knowledge of _ any 
unique event in the history of life is 
still limited, especially if subsequent 
complexities destroy the pattern 
created by the original event, 

For groups like the primary-division 
freshwater fish, the use of the meth¬ 
ods of vicariance biogeography seems 
defensible, since—at least in the 
clearest cases—patterns are not 
erased or destroyed, On the other 
hand, patterns which circumstances 


tell us have probably resulted from 
long-distance dispersal, such as the 
distributions of Hawaiian organisms 
and of the herbs in disjunctive loca¬ 
tions, seem unlikely to yield to the 
methods of the vicariance biogeo¬ 
graphers—who indeed have not en¬ 
tered those areas. The biogeographer 
who deals with patterns probably 
created by long-distance dispersal 
must use evidence that is circum¬ 
stantial, indirect, and subjective, and 
therefore vulnerable, However, if that 
kind of evidence leads to plausible 
answers, we cannot afford to rule it 
out of court. Long-distance dispersal, 
although annoyingly difficult to study 
or take into account, appears to be a 
persistent theme which will not go 
away, and it is to be hoped that future 
biogeographers will find a way to in¬ 
corporate it with skill. 
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“Your problem is in the gene that makes antibodies, but since the Biophase Corp, 
now has a patent on that gene, I can’t do anything for you.” 


Evelyn l. Hu New Approaches to the Fabrication 

of Submicron Switches 

Greater computer speed requires smaller 
components, such as Josephson tunnel junctions , 
which can be made in submicron dimensions 
through combinations of electron-beam pattern 
writing and three-dimensional techniques 


It is now possible to purchase at 
moderate cost calculators the size of 
a credit card which are programma¬ 
ble, will keep a record of time to 
fractions of a second, and can play 
simple melodies. The calculators are 
only one example of the tremendous 
inroads that integrated circuit tech¬ 
nology has made into our lives. Video 
games and digital watches are two 
other areas in which the consumer 
market has experienced the impact of 
the burgeoning electronics industry, 
This has all been made possible by 
human ingenuity at designing and 
producing circuits of greater sophis¬ 
tication—that is, compact circuits 
which will rapidly perform a variety 

of complex logical operations. 

By shrinking the size of individual 
circuit elements, we may pack them 
together more densely. Smaller 
spacing between devices results in the 
faster transmission of signals from 
one device to another. This large- 
scale integration, often referred to as 
LSI, of circuit elements results in the 
greater processing capability of a 
single chip. But as the dimensions of 
the devices become smaller, the old 
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methods of fabrication become in¬ 
adequate, The tools that can chisel 
out the visages of Mount Rushmore 
will not produce the delicately 
sculpted draperies of the Pieta, al¬ 
though the general principles under¬ 
lying the methods may be quite sim¬ 
ilar, 

The impetus to achieve very large- 
scale integration of circuitry is strong; 
the rewards are extremely fast, com¬ 
plex processing for previously unas¬ 
sailable problems such as weather 
forecasting, voice synthesis, and 
pattern recognition. There are re¬ 
wards as well for the scientist who can 
begin to probe a hitherto unexplored 
realm of physics where structure size 
may approach a few atomic diame¬ 
ters. A highly developed technology, 
or perhaps more appropriately art, of 
submicron fabrication is crucial for 
the attainment of those rewards and 
is therefore being cultivated exten¬ 
sively both at universities and in in¬ 
dustry. 

Illustrative of this effort is the re¬ 
search that my co-workers, R. How¬ 
ard, L. Jackel, D. Tennant, L, Fetter, 
and P. Grabbe, and I are pursuing at 
Bell Laboratories. That research is 
directed toward the development of 
various submicron fabrication tech¬ 
niques and their application to the 
production of a class of supercon¬ 
ducting electronic switches called 
Josephson tunnel junctions. 

Josephson junctions may be regarded 
as analogs to semiconductor transis¬ 
tors. In their most simple embodi¬ 
ment, the junctions consist of two 
superconducting films which sand¬ 
wich between them a thin material 
that serves as a barrier through which 
superconducting electrons may pass 


by quantum mechanical tunneling. 
Each film is superconducting only 
below a certain temperature; mate¬ 
rials typically used in Josephson 
junctions become superconducting at 
temperatures higher than that of 
liquid helium (4.2° K). Therefore the 
proper operating temperatures may 
be reached merely by immersing the 
junctions in liquid helium. 

A low current can flow through a 
junction without resistance and, thus, 
without a voltage drop, since voltage 
is the product of current and resis¬ 
tance. The critical current, or maxi¬ 
mum value of this supercurrent 
through the junction, is set by the 
properties and geometry of the tun¬ 
neling barrier: typical values range 
from a few microamperes to a few 
tens of milliamperes, A junction 
subject to a current of this level may 
be said to be in zero-voltage state. 
Exceeding the critical current of a 
junction will result in the flow of a 
normal current, having finite resis¬ 
tance and voltage. This may be re¬ 
garded as the finite-voltage state of 
the junction. 

The existence Of two well-defined 
states suggests the use of Josephson 
junctions as switching elements in, for 
example, computer logic. Junctions 
can be switched from one state to the 
other extremely rapidly, on the order 
of 10 -12 seconds, or about ten to one 
hundred times faster than conven¬ 
tional transistor switches, with very 
little power dissipated during opera¬ 
tion, on the order of 10“ 6 W. 

These two properties make super¬ 
conducting electronics a natural area 
for the application of large-scale in¬ 
tegration. The low power dissipation 
is exceedingly important as the den- 
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sity of devices is increased, for oth¬ 
erwise the greater concentration of 
heat generated during operation will 
eventually result in degradation of 
the device itself. Unlike the case for 
many semiconductor switches, the 
very high switching speed of super¬ 
conducting devices is not obtained at 
the cost of increased power levels. 
Josephson junctions merit serious 
consideration as the basis of a future, 
high-speed, highly integrated tech¬ 
nology. For the past few years, IBM 
has been actively pursuing the ap¬ 
plication of superconducting elec¬ 
tronics to high-speed computers; the 
commercial appearance of a compact 
Josephson junction computer is im¬ 
minent (I). 

Josephson junctions can also be used 
as sensitive detectors of magnetic 
field or microwave radiation. These 
applications require the qualitatively 
different electrical characteristics 
obtained in junctions with smaller 
capacitance, and thus area, than those 
made with current, conventional 
processes, which yield junctions with 
areas ~10 -7 cm 2 . Processing of com¬ 
ponent materials is fairly simple for 
these junctions, generally involving 
deposition of one superconducting 
metal electrode, oxidation of that 
electrode to form the barrier, and 
subsequent deposition of a second 
superconducting metal electrode. 
Therefore, Josephson junction fab¬ 
rication provides an excellent testing 
ground for novel, high-resolution 
techniques which can have applica¬ 
tions to a far wider range of device 
fabrication. As I will discuss below, we 
have used such techniques to produce 
junctions with areas as small as 10“ 10 
cm 2 . 

Conventional integrated 
circuit fabrication 

Today’s integrated circuit technology 
is a planar one, in that complex 
three-dimensional devices are built 
up from a succession of two-dimen¬ 
sional patterned layers. The founda¬ 
tion, or substrate, of the device is a 
silicon wafer. Devices are formed by 
creating regions of different electrical 
conductivities and electron densities, 
and constructing either metal paths 
to connect those regions or oxide in¬ 
sulators to isolate them from each 
other. At each stage of the multilevel 
process, the substrate must be prop¬ 
erly masked to assure that only the 
appropriate regions are treated. The 
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Figure 1. In the traditional optical lithographic 
process, circuits are produced in layers and 
must be repositioned after each step. New 
techniques reduce the chance of misalignment 
by using an undercut stencil of photosensitive 
polymer film, or resist, supported by pedestals 
of similar material. Since the stencil, or resist 
span, remains in place, it can be used to align 
all layers of the device. To produce a junction, 
evaporant beams are aimed through the holes 
in the stencil at the silicon substrate. 


mask is formed by coating the sub¬ 
strate with a thin, photosensitive 
polymer film. The desired pattern is 
projected optically onto the coated 
substrate, producing a chemical 
change in the exposed portion of the 
polymer film, or resist, much as light 
does on photographic film. 

The exposed portion is made either 
more soluble (positive resist) or less 
soluble (negative resist) in a chemical 
developer. For a positive resist, the 


counter electrode base electrode 

evaporation evaporation 



Figure 2. A carefully designed stencil, acted on 
by oblique evaporation, can produce not just 
one layer but a whole device in one step, This 
cross section of Figure 1 shows how different 
angles of evaporation are used to make a com¬ 
plete Josephson tunnel junction, which consists: 
of two superconducting films and a barrier 
through which electrons pass by tunneling. 
Josephson junctions will perform the function 
of transistor switches in the new, smaller 
computers. 


optically exposed portion is dissolved 
away, leaving on the substrate a 
stencil formed in the photosensitive 
polymer. The stencil is used to facil¬ 
itate processing of the substrate; 
metal may be evaporated through the 
stencil to form a pattern on the sub¬ 
strate, or the stencil could be used to 
prevent covered regions of the sub¬ 
strate from being etched away. After 
the substrate has been properly 
treated, the mask is removed and the 
substrate patterned for the next 
step. 

This method is similar to the creation 
of color lithographs in which the de¬ 
sign is printed several times, in a 
number of different colors, to produce 
the finished work. The full comple¬ 
ment of individual, single-colored 
images produces the rich complexity 
of the final product. If the monotone 
layers are misaligned, or misreg- 
istered, the result is a rather sloppy 
final print, with images that are not 
sharply defined and colors that are 
improperly balanced. The conse¬ 
quence of misregistration in inte¬ 
grated circuit fabrication is more than 
an aesthetic loss: the result may be a 
nonfunctioning circuit. A slight mis¬ 
alignment may not affect the perfor¬ 
mance of the device, but the leeway 
allowed is greatly reduced as the size 
of the devices decreases and their 
packing densities increase, 

Self-aligning techniques 

To ensure proper registration, we 
have been greatly interested in self- 
aligning techniques—that is, using a 
feature of the fabrication process to 
control the registration of successive 
layers. An example of a self-aligning 
process is illustrated by a child’s ring 
toy, where several colored-plastic 
doughnuts are to be placed one on top 
of the other on a stick. The stick is the 
alignment marker: it ensures that 
each layer is properly positioned with 
respect to ail other layers (assuming 
that the rings are put on in proper 
order according to diameter), The 
same vertical reference feature serves 
to align each successive layer, so that 
the final three-dimensional object is 
correctly formed. 

The self-aligning technique we use 
was developed by G. Dolan of Bell 
Laboratories (2), and incorporates a 
three-dimensional, rather than two- 
dimensional, resist stencil. The resist 
structure consists of a thin, planar 
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stencil which defines the pattern of 
interest and which is supported by 
pedestals of a lower layer of resist 
(Fig. 1). The pedestals are located so 
that they do not obstruct the cleared 
areas in the upper resist layer. By 
suspending the actual pattern over, 
but not in direct contact with, the 
substrate, we have added a degree of 
freedom to the patterning process. 
Using the resist stencil as a shadow 
mask, we can vary the position of the 
pattern formed on the substrate by 
varying the angle between the beam 
of evaporant material and the plane 
of the substrate. Because the stencil 
pattern itself is supported in a fixed 
position above the substrate, the 
same reference or alignment feature 
obtains for each succeeding evapo¬ 
ration. 


nation of the fabrication of a Jo¬ 
sephson tunnel junction. 

If we take a cross-sectional cut of the 
narrow strip, or resist span, in Figure 

1, we obtain the view shown in Figure 

2. Using the resist span as a self¬ 
aligning marker, we first evaporate a 
base electrode at an oblique angle to 
the substrate. The base electrode 
material we use most often is a lead- 
indium alloy, which is an easily 
evaporated superconducting materi¬ 
al. The surface of the electrode is then 
oxidized to form the tunneling bar¬ 
rier. Finally, we evaporatethe counter 
electrode, which is usually lead. The 
completed junction is then defined by 
the overlap region of base electrode, 
oxide, and counter electrode. A pho¬ 
tomicrograph of a junction made in 
this way is shown in Figure 3. 


Because the edge of the base electrode 
is vertical, not tapered, the germani¬ 
um film will break over it—that is, it 
will not coat the sides of the film. The 
exposed edge of the base electrode is 
then oxidized, and the counter elec¬ 
trode of lead is evaporated. The result 
is that one dimension of the junction 
is defined by the thickness of the base 
electrode, which can be controlled to 
a few nanometers. Moreover, we have 
reduced the critical dependence of 
junction area on relative evaporation 
angles and resist thicknesses. 

By treating the patterning process as 
a truly three-dimensional problem 
and by advantageously using the 
vertical dimension, we have gained in 


The three-dimensional stencils are 
formed in the following way. Two 
layers of thin film material are over¬ 
laid onto the substrate; the upper 
material is an optically sensitive re¬ 
sist Certain processes may require 
the use of a very thin film separating 
the upper and lower materials. This 
would be done to prevent possible 
interdiffusion of the upper and lower 
layers, for example. The desired pat¬ 
tern is exposed and developed in the 
upper resist. The lower layer is de¬ 
veloped or dissolved further than the 
upper layer, so that the pattern in the 
upper layer is undercut ( 3 ). If we are 
clever in designing the stencil, we will 


The junction, smaller than ljum 2 in 
area, was made using a single resist 
step in a self-aligning process. We 
have eliminated the complex regis¬ 
tration procedure between one fab¬ 
rication stage and the next, as well as 
the intervening stages of removing a 
resist stencil, cleaning the substrate, 
and repatterning it for the subse¬ 
quent fabrication step. Any one of 
those added steps offers opportunity 
for inadvertent contamination of the 
substrate. 

Edge-aligned junctions 



be able to produce not merely a single 
layer but an entire device using only 
a single resist step. The way this is 
done is shown in the following expla- 



Figure 3. The area of this junction, photo¬ 
graphed by scanning electron microscope, is 
less than 1 Such a small device could not 
have been fabricated with optical lithography 
alone, but combining lithography with self- 
aligned, oblique evaporation techniques makes 
reductions in area possible. 


In the previously discussed method, 
a small discrepancy in relative angle 
of evaporation can result in a large 
discrepancy in junction area. A 
change in the height of the span above 
the surface of the substrate will also 
affect the geometry sufficiently to 
change the junction area obtained. To 
overcome these limitations, we have 
modified the oblique evaporation 
technique, obtaining a better-defined 
overlap area, and improving the con¬ 
sistency of fabrication. We make use 
of a feature whose dimension can be 
extremely well controlled: the thick¬ 
ness of an electrode film. 

The base electrode, typically a lead- 
indium alloy 100 nm thick, is evapo¬ 
rated directly perpendicular to the 
substrate, forming a film with a sharp, 
vertical edge (Fig. 4). An electrically 
insulating material is then evaporated 
along a direction slightly different 
from the perpendicular. We often use 
germanium, which is insulating at 
temperatures of interest to us, ~4°K. 





„ v ' germartjum^overed 

. .' base electrode 

exposed edge of 


Figure 4. Submicron devices can be made re- 
producibly when the dimensions are well con¬ 
trolled. The thickness of the base electrode,, 
usually a lead-indium alloy, is constant to 
within a few nanometers; because the edge is 
oxidized to form the barrier (see diagram), it 
defines one dimension of the junction. The end 
result of this edge-aligning process is visible in 
the photomicrograph of a Josephson tunnel 
junction, magnified 20,000 times. 
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Figure 5. A single stencil can serve for the fab- times), which were produced together using the 
rication of more than one-junction. This scan- same resist pattern, Their electrical charac- 
ning electron micrograph shows a portion of a teristics vary by only 20%, 
group of thirty junctions (magnified ~2,000 


strates—a technique called e-beam 
lithography. Because electrons having 
tens of keV energy are limited by 
diffraction only at a few nanometers, 
e-beam lithography should be capable 
of the high resolution necessary to 
fabricate submicron devices. The 
principle of pattern transcription into 
the resist is similar to that which 
applies to optical lithography. The 
exposing radiation of the e-beam 
causes a chemical change in the film 
which makes the exposed areas more 
or less soluble in a given chemical 
developer than the nonexposed areas. 
Wc find it convenient to write pat¬ 
terns with the beam of a scanning 
electron microscope, as we can easily 
manipulate the microscope circuitry 
which, controls the beam position to 
form written patterns directly onto 
our substrates { 4 ). 

A major difference between e-beam 
and optical lithography is that elec¬ 
trons, as charged particles, interact 
with the substrate material in a way 
that photons of light do not, As the 
electrons travel through the resist and 
the substrate material, they lose en¬ 
ergy and change direction because of 
the Coulomb forces of the nuclei and 
electrons of the host material. A few 
electrons in the incident beam will 


two ways. First, the technique of 
oblique evaporation allows the well- 
controlled, self-aligned transcription 
of pattern features onto the substrate. 
Second, the device design incorpo¬ 
rates features that can be defined 
with greater accuracy than the li¬ 
thography would easily allow, ensur¬ 
ing greater uniformity in the charac¬ 
teristics of the final devices produced. 
We have produced a string of thirty 
Josephson edge-aligned junctions, 
simultaneously fabricated.using only 
a single resist pattern (Fig. 5). The 
electrical characteristics of all thirty 
junctions were the same to within 
20%. This is one indication of the 
feasibility of using a self-aligned, 
oblique evaporation technique to 
produce a large number of devices 
having fairly uniform characteristics 
and fabricated with' only a single re¬ 
sist stencil. 

The oblique evaporation technique is 
quite powerful, both because it is 
self-aligning and because it allows the 
fabrication of devices smaller than 
would ordinarily be possible with the 


tools of lithography. Visible light has 
wavelengths in the range of 300-700 
nm. As pattern features approach 
these dimensions, diffraction results 
in a loss of resolution. Visible light 
and the current conventional photo¬ 
lithography are not adequate for 
features smaller than about 1 /tm. As 
we have seen, junctions can be pro¬ 
duced by optical lithographic pat¬ 
terning which have one dimension 
~100 nm, ten times smaller than 
conventional optical lithography 
permits. However, the other dimen¬ 
sion is still determined by the par¬ 
ticular lithographic writing imple¬ 
ments used. Ultraviolet light, x-rays, 
and electron beams are alternative 
exposure sources, having shorter 
wavelengths and hence finer resolu¬ 
tion. 

E-beam lithography 

To obtain pattern features finer than 
our optical techniques will produce, 
we write patterns with electron beams 
directly onto electron-sensitive resist 
polymers which coat the silicon sub¬ 


suffer a change in direction of greater 
than 90°—that is, they will back- 
scatter. The result can be portions of 
unintentionally exposed resist film, 
and the degradation of the original 
pattern resolution. The problem ia 
compounded when there is a high 
density of pattern features to be 
written, as each feature is exposed to 
backscattered electrons generated by 
the writing of adjacent features. 

The net result is a reduction in con¬ 
trast of the resist film, much as there 
is when photographing into the sun. 
As with photography, there is no 
satisfactory way to develop the film to 
compensate for the lack of contrast. 
Developing the film just long enough 
so that the background is acceptable 
results in an underexposed main 
subject. Fully developing the subject 
area results in overexposure of the 
background so that the delineation 
between subject and background is 
blurred: i.e., there is a loss of resolu¬ 
tion. 

The Coulomb force, which gives rise 
to the scattering, increases with in¬ 
creasing atomic number of the sub¬ 
strate. Also, electrons with lower en- 
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ergy, for example those which have 
penetrated further into the substrate 
material, are more likely to back- 
scatter. Backscattering can be re¬ 
duced, then, by using substrate ma¬ 
terial having a low atomic number 
and by reducing the amount of sub¬ 
strate material with which electrons 
can interact. This “ideal” substrate 
has actually been made and used in 
e-beam lithography. Thin films of 
gold were evaporated onto mem¬ 
branes of silicon nitride 60 nm thick. 

A thin layer of electron-sensitive re¬ 
sist overcoated these substrates and 
was used to pattern the gold into grids 
of lines 25 nm wide separated by 50 
nm center to center (5). Using a single 
layer of electron resist atop a thick 
substrate, it is difficult to produce 
lines with resolution much less than 
100 nm (6). 

Rather than fabricating membrane 
substrates, our solution has been to 
create a thin substrate of resist ma¬ 
terial, having a low atomic number, 
and spun on top of conventional, 
thick silicon substrates. The top layer 
of the two-level structure is a thin 
sheet of a high-resolution electron- 
sensitive resist, PMMA. (The initials 
stand for polymethylmethacrylate, a 
substance more familiarly encoun¬ 
tered in bulk form as Plexiglas.) Since 
the polymer resists used are generally 
composed primarily of hydrogens and 
carbons having low atomic numbers, 
the average atomic number of the 
substrate is lower than that of the 
bulk silicon. The bottom layer is a 
copolymer of methylmethacrylate 
and methacrylic acid. The copolymer 
is more electron-sensitive than the 
PMMA, and thus, for a given expo¬ 
sure dosage and developer, the co¬ 
polymer is removed more quickly so 
that undercut stencils are formed. 
Not only has the two-level scheme 
allowed us to reduce backscattering 
effects in e-beam exposure but the. 
geometry of the stencils actually lends 
itself exactly to the oblique evapora¬ 
tion techniques we favor using. 

To test the resolution of the resist 
system, we coated silicon substrates 
with the two layers of resist and used 
the 30-keV electron beam of our 
scanning electron microscope to write 
a grid of lines 40 nm wide, separated 
80 nm from center to center. After the 
resist pattern was developed, gold was 
evaporated through the stencil onto 
the substrate. The entire substrate 
was then immersed in acetone which 



Figure 6. The smallest functioning Josephson 
tunnel junction made thus far, photographed 
here by scanning electron microscope, is only 
100 nm by 100 nm. 


dissolved away the resist layers and 
left the pattern of gold lines. We have 
used a modification of this electron- 
beam resist process to produce pat¬ 
terns of lines 25 nm wide, 5 /xm long, 
separated by 95 nm center to center 
(7). These are the finest features 
written and transferred in this man¬ 
ner onto thick substrates. 

Working Josephson tunnel junctions 
have also been patterned by e-beam 
lithography, using the two-layer resist 
system. The materials used were, 
again, a lead-indium alloy base elec¬ 
trode, oxide barrier, and lead counter 
electrode. A micrograph of the junc¬ 
tion is shown in Figure 6. With an 
area of 100 nm by 100 nm, this is the 
smallest Josephson tunnel junction 
ever made. Crucial to its successful 
fabrication was the high-resolution, 
two-layer resist and the self-aligning 
oblique evaporation technique. 

The simple, though fairly powerful, 
methods described above allowed us 
to produce tunnel junctions of sub¬ 
micron dimensions. The materials 
problems involved with Josephson 
junctions are perhaps less complex 
than those associated with semicon¬ 
ductor devices. However, it would be 
more difficult to make reproducible, 
high-quality devices of such small 
dimensions if we had to deal with the 
complexity of problems of adequate 
cleaning of patterned substrates to 
form high-quality tunnel oxides, or of 


precise alignments commensurate 
with submicron dimensions. 

The fabrication of structures having 
dimensions of hundreds of nanome¬ 
ters or less requires technological in¬ 
novations in order to produce tools of 
sufficiently fine resolution for pat¬ 
terning substrates. This includes the 
development of different and better 
ways of writing patterns, as well as the 
development of more sensitive and 
higher-resolution resist materials, 
Equally important are creative ap¬ 
proaches to process and device de¬ 
sign. The conventional, serial planar 
technology with its succession of 
alignment steps is rapidly reaching 
the limitations of its utility. We have 
tried to illustrate how self-aligning 
techniques and three-dimensional 
methods can be successfully used to 
produce extremely fine structures 
that will form the subject matter of a 
growing field of physical inquiry as 
well as the means for even faster, 
more complex, large-scale integrated 
circuits. 
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James E. Till 


Cellular Diversity m the 
Blood-Forming System 

Stem cells play a pivotal role in the formation of 
new blood cells, but there is controversy about how 
the process is regulated 


"Blood” can mean a red body fluid, or 
it can mean the tie of kinship. This 
article will be concerned more with 
the second meaning than the first; the 
major topics to be considered are the 
origins of the variety of cells found in 
the blood and the relationships 
among them. 

During the development of an indi¬ 
vidual, the generations of cells de¬ 
rived from the fertilized ovum dif¬ 
ferentiate to give rise to heterogene¬ 
ous cellular subsystems (tissues and 
organs) responsible for carrying out 
a variety of specialized roles. One of 
these is the hemopoietic system, 
whose tasks are to produce new blood 
cells and deliver them to the blood¬ 
stream, as well as to remove worn-out 
blood cells and other debris from the 
circulation and to defend the body 
against disease-inducing agents that 
gain entrance to it (see Ham et al. 
1979). There are two fairly clearly 
defined kinds of hemopoietic tissues; 
myeloid tissue, found in bone mar¬ 
row, and lymphoid tissue, found in 
the lymph nodes, spleen, and 
thymus. 

These two subsystems are in a con- 


James E, Till heads the Division of Biological 
Research at the Ontario Cancer Institute in 
Toronto and is Professor of Medical Bio¬ 
physics at the University of Toronto, He 
studied at the University of Saskatchewan 
and took his doctorate at Yale under Ernest 
C, Pollard, His main interest kinterdiscipli- 
nary research related to cancer, The author is 
grateful for the collaboration of Ernest A, 
McCulloch, with whom he began work on stem 
cells of the blood-forming system over twenty 
years ago. This article was based on a pre¬ 
sentation at the 1980 Monk A, Ferst Sympo- 
siurn honoring Ernest C. Pollard, Address: 
Division of Biological Research, Ontario 
Cancer Institute, Toronto, Canada M4X 
1K9. 


stant state of flux. The elements re¬ 
sponsible for continuity are not the 
fully differentiated cells, such as 
erythrocytes or lymphocytes, that are 
continually being lost or discarded 
and cannot, in general, replace 
themselves. For example, the eryth¬ 
rocytes, or red blood cells, lack a cell 
nucleus and have become irreversibly 
specialized to carry out a single 
function, the transport of gases. 
Continuity is provided instead by the 
ancestral stem cells. These stem cells, 
which represent only a small minority 
of the total population of cells present 
in bone marrow, possess a remarkable 
potential for proliferation and dif¬ 
ferentiation. A single stem cell is able 
to give rise to a clone of several mil¬ 
lion cells, and within this single clone, 
most, if not all, of the different cell 
types present in both myeloid and 
lymphoid tissue can be identified. 
The composition of such a clone, and 
the pathways leading from the stem 
cell to each type of fully differentiated 
cell, are illustrated diagrammatically 
in Figure 1. 

Differentiated cells of the hemo¬ 
poietic tissues can usually be recog¬ 
nized in suitably stained preparations 
examined by light or electron mi¬ 
croscopy (Ham et al. 1979). Detailed 
descriptions of a variety of such cell 
types have been available for many 
years. They include the erythrocytes, 
granulocytes, and platelets derived 
from myeloid tissue, and the lym¬ 
phocytes derived from lymphoid tis¬ 
sue. Of these differentiated cell types,' 
all but the subpopulations of lym¬ 
phocytes can be distinguished from 
each other on the basis of morpholo¬ 
gy. The lymphocytes fall into two 
groups. B-lymphocytes, derived from 
bone marrow, are responsible for 
antibody production and possess 
molecules of immunoglobulin on their 
cell surfaces that can be detected by 
immunofluorescence. T-lymphocytes, 


derived from thymus, include several 
functional subtypes; human T-lym¬ 
phocytes can be recognized by their 
surface properties, including the 
specific but unexplained ability to 
bind sheep red blood cells to their 
surfaces. 

It is usually assumed that traffic of 
cells along the pathways indicated in 
Figure 1 is possible in one way only, 
from the stem cells to the fully dif¬ 
ferentiated cells—that is, differen¬ 
tiation is irreversible. It is also usually 
assumed that once a cell has entered 
one pathway, it cannot leave it and 
cross over to another one—that is, the 
tendency to proceed along one path¬ 
way is inheritable. These assumptions 
are supported by a good deal of ex¬ 
perimental evidence, but neither can 
be regarded as rigorously proven. 
However, they pose a fundamental 
question: if irreversible, inheritable 
changes are indeed characteristic of 
cellular differentiation, what is the 
basis for these changes? This ques¬ 
tion will be considered below, but first 
we will examine the kinship between 
differentiated cells and their ances¬ 
tors, the stem cells. 

Stem cells 

A key aspect of cellular differentia¬ 
tion is the derivation of the differen¬ 
tiated cells from ancestral cells, For 
the cells of the entire body, the an¬ 
cestralcell is the fertilized ovum, For 
specialized subsystems of somatic 
cells, such as the hemopoietic tissues, 
the ancestral cells are the stem cells. 
The concept of a “stem cell” is not a 
very rigorously defined one; here the 
term will be used to refer to cells that 
are capable of extensive proliferation 
and that are able to give rise to addi¬ 
tional cells similar to themselves 
(“self-renewal”), as well as to differ¬ 
entiated progeny (Siminovitch et al. 
1963). 
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Figure 1. Many cells of the hemopoietic system, The stem cell itself is identifiable not by its 
each cell with its own morphology and function, morphology but by its characteristic ability to 
can develop from a single ancestral stem cell produce diverse specialized cells. (After Met- 
through progressive stages of differentiation, calf and Moore 1971.) 


Stem cells can be distinguished from 
other hemopoietic cells at early stages 
in differentiation primarily by their 
ability to give rise to new stem cells, 
This ability makes it possible for 
stem-cell-derived families of cells to 
exist within hemopoietic tissues for 
prolonged periods, and continually to 
produce new differentiated cells to 
replace those that are lost or dis¬ 
carded, The differentiated cells are 
not able to replace themselves di¬ 
rectly; as pointed out above, differ¬ 
entiation appears to be a one-way 
street that leads toward an increasing 
specialization and an associated loss 
of potentialfor cellular proliferation 
or self-renewal. 

Unlike the differentiated cells, the 
ancestral stem cells of the hemo¬ 
poietic tissues cannot be specifically 
identified by light microscopy. In¬ 
deed, the time-honored methods for 
studying the morphology of cells have 
provided very little useful informa¬ 
tion about the earliest stages of dif¬ 
ferentiation of myeloid or lymphoid 
cells. It has been necessary to use 
completely different approaches m 
order to detect stem cells and their 


immediate descendants. One such 
approach arose from research on the 
transplantation of bone marrow cells 
into irradiated mice, In animals ex¬ 
posed to total body x-irradiation in 
the lethal range, the hemopoietic 
tissues are severely depleted of cells. 
However, if the irradiated mouse is 
given, soon after irradiation, a trans¬ 
plant of compatible marrow cells (via 
the tail vein), then stem cells from the 
transplanted marrow settle into the 
hemopoietic tissues and proliferate to 
form families of descendants. The 
families of cells derived .from indi¬ 
vidual stem cells can be recognized as 
nodules (colonies) visible on the sur¬ 
face of the spleen of an irradiated 
mouse (see Fig. 2). Examination of 
the composition of these colonies re¬ 
veals that they contain recognizable 
erythrocytic and granulocytic cells 
(Till and McCulloch 1961). 

The entity able to give rise to a colony 
was termed a “colony-forming unit” 
(CFU); subsequent work showed that 
each CFU was a single cell and exhib¬ 
ited the properties expected of a 
pluripotent hemopoietic stem cell. 
Assessments of the number of CFUs 


detectable in a sample of cells taken 
from mouse hemopoietic tissue could 
thus be used to obtain an estimate of 
the number of pluripotent stem cells 
present in the sample. 

A major contribution of the work on 
CFUs was to demonstrate that it was 
not necessary to be able to recognize 
the morphology of a stem cell in order 
to study it experimentally. Instead, it 
is possible to recognize stem cells on 
the basis of their major characteris¬ 
tics: their abilities to proliferate, to 
renew themselves, and to give rise to 
differentiated descendants. These 
characteristics can be assessed by 
examining the colonies derived from 
the stem cells, even though the stem 
cells themselves are not examined 
directly. 

Human cells transplanted into irra¬ 
diated mice do not proliferate to give 
rise to detectable colonies, Thus, this 
method cannot be used to detect 
human stem cells, and here again cell 
morphology is not helpful. It would be 
of great interest to have a simple and 
convenient way to study pluripotent 
hemopoietic stem cells in human tis- 
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sue, because evidence has accumu¬ 
lated that several diseases affecting 
hemopoietic tissue originate in plu¬ 
ripotent stem cells (McCulloch and 
Till 1977). These include acute and 
chronic myeloid leukemias; the pri¬ 
mary lesions in these diseases are in¬ 
herited by the family of cells derived 
from the affected stem cell and per¬ 
haps have a genetic basis. These le¬ 
sions appear to confer a growth ad¬ 
vantage, because the hemopoietic 
system in affected individuals comes 
to be dominated by the members of a 
single family of cells, derived from a 
single ancestral stem cell (Fialkow et 
al. 1978). To give an analogy in terms 
of evolution, one species of cells has 
proliferated with inadequate con¬ 
straints, to the point at which other 
related species have approached ex¬ 
tinction. 

It is noteworthy that the lesions 
present in leukemic stem cells do not 
necessarily prevent differentiation 
within the families of cells derived 
from the abnormal stem cells. This 
can be seen quite clearly in human 
chronic myeloid leukemia, in which 
the abnormal cells of the granulocytic 
series characteristically bear an ab¬ 
normal chromosome, the Philadel¬ 
phia chromosome (Nowell and Hun- 
gerford 1961). This abnormality ap¬ 
parently arises in the affected stem 
cells, and it can be used as a marker 
for cells derived from them. The 
presence of the abnormality in rec¬ 
ognizably differentiated erythrocytic 
cells as well as in granulocytic cells 
not only provides evidence of the 
pluripotentiality of the ancestral ab- 
. normal stem cell, but also shows that 
differentiation can continue within 
the members of the abnormal family 
of cells (Rastrick 1969). 

One very useful way to study cellular 
differentiation is to cultivate the 
families of cells in artificial media 
outside the body. A great deal of work 
has been done over the past two dec¬ 
ades to develop appropriate culture 
media and environmental conditions 
that will permit hemopoietic stem 
cells to proliferate and differentiate 
in culture vessels under controlled 
conditions. These efforts have been 
very rewarding. First, ancestral cells 
of granulocytes were successfully 
cultivated (Bradley and Metcalf 1966; 
Pluznik and Sachs 1965), then, an¬ 
cestral cells of erythrocytes (Ste¬ 
phenson et al. 1971). Subsequently, 
pluripotent stem cells were propa¬ 
gated in culture (Dexter and Lajtha 



Figure 2. When individual hemopoietic stem 
cells from transplanted marrow settle into the 
spleen of an irradiated mouse, they can pro¬ 
liferate to form colonies of recognizable dif¬ 
ferentiated cells. These colonies are visible on 
the surface of the spleen as discrete nodules. 
The spleen on the left contains very few colo¬ 
nies, whereas the one on the right contains 

many, (From Till etal. 1970.) 


1976) , and recently evidence has been 
reported for colony formation in cul¬ 
ture by mouse (Johnson and Metcalf 

1977) and human (Fauser and Mess- 
ner 1978). pluripotent stem cells. 
These latter reports are particularly 
intriguing, because they indicate that 
cell cultures may provide a very 
valuable approach to the study of 
normal and abnormal hemopoietic 
stem cells. 

An advantage that cell cultures offer 
for studies of differentiation is that 
the composition of the culture medi¬ 
um can be modified to permit exam¬ 
ination of the effects of environmen¬ 
tal factors on the proliferation and 
differentiation of stem cells and their 
descendants. Such studies have not 
yet established the basis for the 
steering effect of environmental fac¬ 
tors on the differentiation of pluri¬ 
potent stem cells. They have, how¬ 
ever, provided further evidence that 
leukemic stem cells can differentiate 
and that the extent of such differen¬ 
tiation can be modified by environ¬ 
mental factors. These results have led 
to the provocative suggestion that 
environmental factors detected in cell 
culture might be useful as a means of 
enhancing the differentiation, and 
possibly reducing the rate of increase, 
of leukemic cells in patients suffering 
from the disease (Sachs 1978; Metcalf 
1981), since it has been observed that 
an increasing degree of differentiation 
is usually accompanied by a reduction 
in potential for further prolifera¬ 
tion. 


The Darwinian model of 
differentiation 

Because of the pivotal role they play 
in the development and maintenance 
of hemopoietic tissues, stem cells and 
their capabilities are of great interest 
to a group of biological scientists as 
diverse as are the clones derived from 
stem cells. This group includes he¬ 
matologists and immunologists, who 
wish to understand how the hemo¬ 
poietic tissues function in health and 
disease, as well as geneticists and 
molecular biologists, whose interests 
are focused on the fundamental 
mechanisms, at the molecular level, 
involved in cellular differentiation, 
Their joint efforts have provided 
useful models of differentiation. 

The biologists whose work has been 
most sharply focused on mechanisms 
involved in differentiation are the 
embryologists and developmental 
biologists, who have shown that cel¬ 
lular differentiation involves distinct 
phases (Dawid and Wahli 1979). In 
the first major phase, an ancestral 
cell, such as a stem cell of the hemo¬ 
poietic tissues, experiences an event 
termed “determination,” with the 
effect that the stem cell acquires the 
competence to undergo differentia¬ 
tion toward a specific type of func¬ 
tional cell. In the second major phase, 
the competent cell proceeds with this 
aspect of differentiation, which ter¬ 
minates in the formation of a mature, 
fully differentiated, functional cell 
such as an erythrocyte. However, the 
second phase may not take place until 
the competent cell is appropriately 
stimulated (for example, a chemical 
messenger, the hormone erythropoi¬ 
etin, may provide stimulation for 
differentiation that gives rise to red 
blood cells). 

Although the need to distinguish be¬ 
tween these two main phases of dif¬ 
ferentiation is well recognized, there 
is uncertainty about exactly what 
happens at the cellular and molecular 
levels during the two phases. Two 
models, here termed the Darwinian 
and the Lamarckian, have been pro¬ 
posed. In the Darwinian model, de¬ 
termination is assumed to involve a 
random process of generation of di¬ 
versity intrinsic to the cells. This re¬ 
sults in inheritable changes in the 
progeny of stem cells, which in some 
way commit them to a particular 
pathway of differentiation. In the 
absence of such intrinsically deter¬ 
mined changes, the stem cell remains 


uncommitted to a particular pathway 
and is able to undergo cell division to 
give rise to new cells which also pos¬ 
sess stem cell properties (Till et al 
1964). 

The exact nature of the processes re¬ 
sponsible for the inheritable changes 
that occur during determination is 
not clear. Studies of nuclear trans¬ 
plantation in amphibia and mice have 
shown that genetic material is often 
(King and Briggs 1956), but not al¬ 
ways (Gurdon and Uehlinger 1966; 
Illmensee and Hoppe 1981), altered, 
probably irreversibly, during em¬ 
bryonic development. These results, 
when coupled with recent evidence 
from studies of transposable genetic 
elements (Calos and Miller 1980), 
indicate that the structure of genetic 
material may be less constant than 
had previously been recognized. One 
cannot rule out the possibility that 
programmed alterations in genetic 
material are a widespread phenome¬ 
non in differentiation. Indeed, it 
could be construed from the virtual 
segregation of germ cells from somatic 
cells in developing embryos that 
something dramatic may be happen¬ 
ing to the genetic material of somatic 
cells from which germ cells must be 
protected (Brown 1981). 

The result of determination is that 
cells become committed to a partic¬ 
ular pathway of differentiation and 
are competent to proceed along it. 
This population of cells then interacts 
with regulatory factors in the external 
environment of the cells, and those 
cells with the appropriate competence 
are selectively stimulated to prolif¬ 
erate and to undergo further differ¬ 
entiation. In the Darwinian model, 
cellular differentiation is analogous to 
evolution, with different types of fully 
differentiated cells being analogous to 
organisms belonging to different 
species. 

Darwinian explanations of evolution 
emphasize the importance of ran¬ 
domly occurring gene mutations as a 
source of diversity, and selection as a 
means by which environmental fac¬ 
tors can impose some order on the 
process. Can similar concepts be ap¬ 
plied to Darwinian models of cellular 
differentiation? Differentiation ap¬ 
pears to involve inheritable changes 
leading to an orderly generation of 
diversity, and in many instances it is 
influenced by factors in the cells’ en¬ 
vironment. Could gene mutations 
provide the basis for the diversity of 
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Figure 3. Differentiation in cells of the immune 
system may be explained by a “clonal selec¬ 
tion” model, In theory, gene mutations in so¬ 
matic cells would provide a pool of diverse cells 
(here labeled A-G), each committed to the 
synthesis ol’ a particular antibody. A particular 
antigen, the antigen D, for example, would then 
interact only with the cell committed to syn¬ 
thesizing anti-D antibody. The interaction on 
the surface of this cell would stimulate the 
proliferation of more cells committed to the 
synthesis of anti-D antibody, Opportunities for 
clonal .selection would constantly recur, with 
mutations providing new diversity in each 
generation of cells. (After Watson 1976.) 


somatic cells, and selection provide 
the basis for the apparent order? 

For one aspect of hemopoietic dif¬ 
ferentiation—the generation of cells 
of the immune system—the answer 
has been a tentative yes. Cells of the 
immune system, capable of producing 
immunoglobulins (antibodies), show 
exceptional diversity. These cells, 
which form part of lymphoid tissue, 
have differentiated in a manner that 
can be described as “one cell, one 
immunoglobulin.” This means that 
although a large population of cells is 
able to produce a very wide variety of 
different immunoglobulin mole¬ 
cules—as many as a million or more 
different kinds—any individual cell 
appears to be committed to the pro¬ 
duction of only one kind of immuno¬ 
globulin at a time. Thus, there may be 
as many different kinds of immuno¬ 
globulin-producing cells as there are 
kinds of immunoglobulins within a 
given organism. 

The genetic basis for this extraordi¬ 
nary diversity is not well understood. 
One suggestion, made by F. M. Bur¬ 
net (1959), is that gene mutations 
occurring in somatic cells provide the 
necessary diversity, and that the in¬ 
teraction between an antigen and an 
immunoglobulin, expressed on the 
surface of the cell, stimulates, the 


proliferation of that cell and thus 
leads to the generation of a family of 
cells able to produce the immuno¬ 
globulin appropriate for dealing with 
that particular antigen. An important 
implication of this view is that a di¬ 
verse population of immunoglobu¬ 
lin-producing cells (arising as a result 
of gene mutations) is already present 
prior to exposure to antigen. All that 
the antigen does is select which cell is 
to be stimulated to increase in num¬ 
ber and to undergo further differen¬ 
tiation (see Fig. 3), The “clonal se¬ 
lection” effected by the antigen can 
lead to greater cellular diversity, since 
all the cells in the clone need not he 
exact copies of the original cell 
(Cunningham 1976). 

The clonal selection model has been 
strongly supported by results of a 
variety of experiments, and the al¬ 
ternative view—that the environ¬ 
mental agent, or antigen, can act di¬ 
rectly on nascent immunoglobulin- 
producing cells to influence the kind 
of immunoglobulin they will pro¬ 
duce—has been rejected. The clonal 
selection model for the origin of im¬ 
munoglobulin diversity is the most 
widely accepted Darwinian model of 
cellular differentiation. 

Although the basic ideas underlying 
the clonal selection model have been 
accepted, a number of points remain 
controversial. For example, the na¬ 
ture of the “gene mutations” ulti¬ 
mately responsible for the generation 
of diversity is being investigated very 
actively at present by molecular 
geneticists. Progress in this area has 
been rapid. Recent technological ad¬ 
vances in the separation of genetic 
material into fragments of its con¬ 
stituent DNA, and in the sequencing 
of these fragments, have made it 
possible to construct very detailed 
genetic maps for somatic cells. These 
maps have revealed that rearrange¬ 
ment of genes coding for the immu¬ 
noglobulin molecule, or of pieces of 
genes coding for parts of the molecule, 
may be an essential step in the dif¬ 
ferentiation of immunoglobulin- 
producing cells (Hozumi and Tone- 
gawa 1976; Bernard et al. 1978; Max 
etal. 1979). 

The most widely held current view for 
the genetic basis of antibody diversity 
is that a relatively small number of 
gene fragments, from a few hundred 
to a few thousand, are transmitted 
through the germ cells. During dif-' 
ferentiation these genes have the po- 
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tential to be rearranged to yield a 
wide variety of immunoglobulins; 
perhaps this diversity can be made 
even greater by somatic point muta¬ 
tions occurring in the stem cells or 
their descendants. 

The Lamarckian model 

According to a second model of cel¬ 
lular differentiation, which most bi¬ 
ologists would accept for all differ¬ 
entiated cells except immunoglobu¬ 
lin-producing cells, determination is 
brought about by the inductive action 
of factors or stimuli present in the 
microenvironment surrounding the 
stem cell (Curry and Trentin 1967). 
No random events, involving somatic 
point mutations, gene rearrange¬ 
ments, or transposable genetic ele¬ 
ments, with their implications of lax 
control over differentiation at the 
level of individual cells, are involved 
in this model. Instead, the stimulus 
acts directly on stem cells and induces 
them to undergo the changes re¬ 
sulting in commitment to a particular 
pathway of differentiation. Selection 
is involved only in the sense that a 
variety of stimuli may be able to act 
selectively, and in competition with 
each other, at the level of relatively 
Uncommitted stem cells—that is, 
stem cells committed to being part of 
the hemopoietic tissues, but not yet 
committed to become erythrocytes, 
lymphocytes, or some other particular 
type of fully differentiated cell. 

This model is in principle Lamarck¬ 
ian (Holtzer 1978); it is based on the 
view that acquired characteristics can 
be stably inherited, at least at the 
cellular level. The essence of La¬ 
marckism is the inheritance of a di¬ 
rectional, adaptive response to an 
environmental stimulus (Grow 1980). 
At the cellular level, the commitment 
to differentiate only along a particular 
pathway is an inheritable trait ex¬ 
pressed in the differentiated progeny 
but not in the stem cells themselves. 
Does the basis for this commitment, 
which is the process called “determi¬ 
nation,” precede or follow exposure to 
selective environmental factors? If it 
precedes such exposure, the process 
can be regarded as Darwinian; if it 
follows exposure to these selective 
forces, the process can be regarded as 
Lamarckian. 

In the Darwinian clonal selection 
model, environmental factors such as 
antigen can exert a selective “steer¬ 
ing” effect only on cells that have al¬ 


ready acquired, through a randomly 
occurring process of inheritable 
modification, a commitment to a 
particular pathway of differentiation. 
It could be argued that the Darwinian 
model, with its concomitant produc¬ 
tion of many cells that fail to be se¬ 
lected for clonal amplification, along 
with those cells that are so selected, 
may be an appropriate response only 
to demands for extraordinary diver¬ 
sity. In the immune system, for ex¬ 
ample, cells are called upon to re¬ 
spond to a staggering variety of anti¬ 
gens, some of which may have been 
man-made and never encountered 
before by the host organism or any of 
its ancestors, Of the body’s subsys¬ 
tems, perhaps only the nervous sys¬ 
tem must cope with a greater diver¬ 
sity of stimuli (see, for example, 
Marshall 1981). 

In most subsystems, the cell popula¬ 
tions may seldom be challenged by 
unexpected stimuli, and the La¬ 
marckian model—inheritance de¬ 
termined following a stimulus, rather 
than before it—may provide the 
norm, with the Darwinian process 
intervening only under exceptional 
circumstances, such as invasion of the 
subsystem by populations of malig¬ 
nant cells. In such populations, con¬ 
siderable variability and selection for 
greater independence from restric¬ 
tions imposed by mechanisms of host 
resistance are well known (Klein and 
Klein 1977). 

A crucial aspect of the Darwinian 
model of cellular differentiation is the 
mechanism responsible for the gen¬ 
eration of diversity. Generation of 
diversity is an essential prerequisite 
to clonal selection; without prior di¬ 
versity, there is no opportunity for 
selection. A test of the Darwinian 
model is whether or not prior diver¬ 
sity can be detected, either at the 
cellular level or at the level of the ge¬ 
nome. For example, there is no evi¬ 
dence that gene rearrangement of the 
sort detectable in immunoglobulin- 
forming cells occurs during the dif¬ 
ferentiation of erythrocytes, at least 
in relation to the globin genes re¬ 
sponsible for the major component of 
the hemoglobin found in erythro¬ 
cytes. Instead, differential expression 
of genes appears to account for the 
observed heterogeneity of globin 
molecules (Proudfoot et al. 1980). 
These genes are members of a multi¬ 
gene family, and neighboring genes 
are expressed at different develop¬ 
mental stages to carry out related 


functions; it appears that clustering 
of genes can be important for such 
differential control of related genes 
(Brown 1981). 

For all cells in the hemopoietic 
tissues, other than immunoglobulin- 
producing cells, the most widely ac¬ 
cepted view of the genetic basis of 
differentiation involves differential 
expression of genes that are common 
to all cells. In applying this view to the 
Lamarckian model, it is assumed that 
no random changes occur in the 
structure of the genetic material as 
part of normal differentiation, but 
that, in response to stimuli from 
outside the cells, some genes are se¬ 
lectively expressed and others are 
suppressed. In the Lamarckian model 
both of the major phases of cellular 
differentiation are based on differ¬ 
ential gene expression in response to 
external stimuli. In the determination 
phase, the external stimulus may act 
inductively on stem cells, with the 
effect that genes relevant to a par¬ 
ticular pathway of differentiation are 
unmasked and become capable of 
being expressed. In the subsequent 
maturation phase, the external factor 
acts to stimulate cell proliferation and 
foster continuing expression of the 
relevant genes. 

The Lamarckian model of cellular 
differentiation is attractive from a 
practical point of view, because it 
implies that defective differentiation 
of the kind characteristic of a variety 
of diseases, including leukemia, might 
result from defective external stimuli. 
If so, such diseases might be con¬ 
trolled by appropriate manipulation 
of the external stimuli. For example, 
it has been suggested that chemical 
messengers able to act as external 
stimuli of differentiation might pro¬ 
vide a useful adjunct to the therapy of 
leukemia (Sachs 1978; Metcalf 
1981). 

In the Darwinian model, in which 
external regulation of determination 
may not be as feasible because pro¬ 
cesses intrinsic to the cells are in¬ 
volved, successful intervention to 
correct defects in the regulation of 
differentiation may pose more chal¬ 
lenging problems. Genetic engineer¬ 
ing methods might be used to correct 
defective genetic material in certain 
diseases of the blood-forming system, 
such as thalassemia, for which the 
genetic defect underlying the disease 
is relatively well understood, A recent 
initial attempt to explore this possi- 
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k combined effort 

Neither genetic nor cellular engi¬ 
neering is a well-developed technol¬ 
ogy, although both are evolving rap¬ 
idly. The amount of effort going into 
fundamental research relevant to 
genetic engineering is massive at 
present, and dramatic changes in this 
area seem likely. 
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the diversity seen in clones of differ¬ 
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human stem cells, to analyze the 
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hemopoietic system. 


Jacobson, and M, N, Lowenthal. 1978. 
Human myeloproliferative disorders: Clonal 
origin in pluripotent stem cells, In Differ¬ 
entiation of Normal and Neoplastic He¬ 
matopoietic Cells, ed, B. Clarkson, P. A. 
Marks, and J. E. Till, pp. 131-44. Cold 
Spring Harbor Lab. 

Gurdon, J. B„ and V. Uehlinger. 1966, ‘Fertile’ 
intestine nuclei. Nature 210:1240-41. 


mal or abnormal mncuoimig « - ^ AiW , iA . A . Ax el r ad 1 an d D.H.Cormack. 
hemopoietic system. ^79, Blood Cell Formation and the Cellular 

Basis of Immune Responses. Lippincott, 

The development of an area of science Holte( H / 1978 . Cell lineages, stem cells and 
often involves increasing fragments- the < qU antal’ cell cycle concept In Stm 
tion of outlook as the field matures; 
members of d®ermt disciplines tend bllJg8Unit p IM , 
to concentrate on different aspects 01 Hozumi N , ian dS. Tonegawa. 1976. Evidence 
the area, to the detriment of their for ^ rearrang ement of immunog ob- 
Ullderstanding of the field as a whole. ulin gen es coding for variable and constant 

In attempts to understand the het- region, PM 73:3628-32. , 
erogeneity characteristic of living ui me nsee,K,^dP.(yioppU^.«^ 
systems, one is consistently forced to JLdei from prelim 

take a more holistic view; no single p [ antfltion embryos. Cell 23:9-18, 

discipline can encompass all aspects , ^ ^ and Di Metcalf. 1977. Pure and 
of the problem. By contributing their oiied colony 
different skills to the common effort stimulated by spta "KS 

of obtotog an understanding of the 

nature and consequences of cellular B 1956 , Serial trans . 

differentiation, various biological K,ng,i.J„» 


plantation of embryonic nuclei, LuM Sprint! 
Harbor Symp. Quant. Bin!. 21:2 1 1-90. 

Klein, G.. and R. Klein. 1977. immune sur¬ 
veillance against virus-induced tumors and 
mmrejedaliility of spontaneous tumors: 
Contrasting consequences "t host versus 
tumor evolution. PSAS 74:2121-2:1. 

Kolata, G. 11, ami N. Wade, lies'). Human gene 
treatment stirs new debate. SViVmr 21". 

4117. 

Marshall. I C. 1981. Cognition at the cross¬ 
roads. Nature 289:613- 14. 

Max, E. E, J. (i. Seidiinm, and P. Ledcr. 1979. 
Sequences of five potential recombination 
sites encoded dose to an inununt'globulin K 
constant region gene. BN AS 76:3450-o4. 
McCulloch, E. A., and -I. E. Till. 1977. Stem 
cells in normal early haemopoiesis and cer¬ 
tain clonal haemopathies, In Recent Ad¬ 
vances in Haeniatalnp v, vol. 2, ed. A. V. 
Hoffman, M. C. Brain, and J. Hirsh, pp. 

85-llO.Churchill Livingstone. 

Metcalf, D. 1981. Suppression of myeloid leu¬ 
kemic cells by biological regulators. In 
■ Cancer: Achievements, Challenges and 
Prospects for the 1980s, vol. 1, ed. J. H. 
Burehenal and H, F. Oettgen, pp. 465-/5. 
Grune and Stratton. 

Metcalf, D., and M. A. S. Moore. 1971. Uae- 
mopoietic Cells. Elsevier North-Holland. 
Nowell, P. C„ and D. A. Hungerford. 1961. 
Chromosome studies in human leukemia: II. 
Chronic granulocytic leukemia, J. Nat. 
Cancer Inst. 27:1013-35. 

Pluznik, D. H„ and L. Sachs. 1965. The cloning 
of normal “mast” cells in tissue culture. J. 
Cell. Comp. Physiol. 66:319-24. 

Proudfoot, N. J, M. H. M, Shander, J. L. 
Manley, M, L. defter, and T. Maniatis. 1980. 
Structure and in vitro transcription of 
human globin genes, Science 209:1329-36. 
Rustrick, J. M. 1969. A method for the positive 
identification of erythropoietic cells in 
chromosome preparations of bone marrow. 
Brit.J. Haematol. 16:185-91. 

Sachs, L, 1978. Control of normal cell differ¬ 
entiation and the phenotypic reversion of 
malignancy in myeloid leukaemia. Nature 
1 274:535-39. 

■ Siminovitch, L. ( E. A. McCulloch, and J. E. Till. 

1963. The distribution of colony-forming 
cells among spleen colonies. J . Cell. Comp. 
i Physiol. 62:327-36. 

Stephenson, J. R., A,A, Axelrad, D. L McLeod, 

’ and M. M. Shreeve. 1971. Induction of 

colonies of hemoglobin-synthesizing cells by 
erythropoietin in vitro. ENAS 68:1542-46. 
r Thomas, E. D„ C, D. Buckner, R. A. Clift, A. 

Fefer, F. L. Johnson, P. E. Neiman, G. E. 
d Sale, J. E. Sanders, J, W. Singer, H. Shul- 
n man, R. Storb, and P. L, Weiden. 19(9. 

1, Marrow transplantation for acute nonlym- 

1 - phoblastic leukemia in first remission. New 

Engl. J. Med. 301:597-99, 

;e Till, J. E„ and E. A. McCulloch. 1961. A direct 
). measurement of the radiation sensitivity of 


normal mouse bone marrow cells. Rad Res. 
14:213-22. . . . 

Till, J. E., E. A. McCulloch, and L. bimmovitch. 
1964. A stochastic model of stem cell prolif¬ 
eration, based on the growth of spleen col¬ 
ony-forming cells. PNAS 51:29-36. 

Till, <L E., S. Wilson, and E. A, McCulloch. 
1970, Repression of colony formation re¬ 
versed by antiserum to mouse thymocytes. 
Science 169:1327-29. © 1970 by AAAS. 
Watson, J. D. 1976. Molecular Biology of the 
Gene, 3d ed. Benjamin/Cummings. 

1981 September-October 527 



Sheldon Cohen 
David S. Krantz 
Gary W. Evans 
Daniel Stokols 


Cardiovascular and Behavioral 
Effects of Community Noise 

Evidence from field studies of schoolchildren 
supports laboratory findings that high-intensity 
noise adversely affects physical health and 
psychological functioning 


Over seventy million Americans live 
in neighborhoods with noise levels 
that interfere with communication 
and cause annoyance and dissatis¬ 
faction (USEPA 1974). Sources of this 
noise include aircraft overflights, 
traffic, construction and industrial 
machinery, as well as the sounds of 
neighbors, children, and pets. Are 
high levels of community noise det¬ 
rimental to residents’ health and 
well-being? This is a question we are 
only beginning to answer. 

The potentially deleterious impact of 
high-intensity noise on hearing has 
been widely accepted by scientists 
and policymakers alike. Acceptable 
noise standards used in both national 
and local statutes are based on data 
that establish the relationship be¬ 
tween the intensity and duration of 
noise and temporary or permanent 
losses of hearing (Kryter 1970). Re¬ 
search completed during the last ten 
years indicates that noise can affect 
nonauditory, as well as auditory, 
systems. For example, accumulating 
evidence suggests that prolonged ex¬ 
posure to high-intensity noise is as- 
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sociated with increased risk of car¬ 
diovascular pathology and disturbing 
psychological symptoms (Cohen and 
Weinstein 1981). Moreover, increased 
levels of community noise have been 
repeatedly associated with residents’ 
greater dissatisfaction and annoyance 
(Borsky 1980). But despite numerous 
studies of the possible harmful effects 
of routine exposure to noise on as¬ 
pects of health and behavior other 
than hearing loss and annoyance, in¬ 
ferences concerning these other ef¬ 
fects are generally considered ten¬ 
uous. 

It is difficult to reach firm conclusions 
based solely on naturalistic studies of 
the effects of community noise. In¬ 
evitably, the possibility exists that 
people who choose (or are forced) to 
work or live in a noise-affected area 
are somehow different from those 
who work or live elsewhere. Moreover, 
environments that suffer from high 
levels of noise often have other char¬ 
acteristics (e.g., pollution, poor 
housing, high population density) 
that may also affect health and be¬ 
havior (cf. Krantz et al., in press). 

Laboratory research provides another 
source of data from which to specu¬ 
late about the effects of routine ex¬ 
posure to noise. This research 
suggests that high-intensity noise can 
affect at least three types of nonaud¬ 
itory processes. First, exposure to 
noise can lead to a narrowed focus of 
attention. This decrease in breadth of 
attention presumably occurs either as 
a reaction to a noise-induced increase 
in arousal (Broadbent 1971) or as a 
strategy to decrease the amount of 
information being processed when the 
presence of noise taxes processing 
capacity (Cohen 1978). A narrowed 
focus of attention during noise expo¬ 


sure is assumed to have detrimental 
effects on performance of complex 
tasks, i.e., those requiring a wide 
range of attention, but not on tasks 
that are simple or intermediate in 
complexity. 

A second effect of exposure to 
noise—at least to unpredictable or 
uncontrollable noise—is a reduction 
in perception of control over the en¬ 
vironment (e.g., Glass and Singer 
1972; Krantz et al. 1974). This loss of 
control is often accompanied by a 
depressed mood and decreased mo¬ 
tivation to initiate new responses 
(Seligman 1975), It has also been as¬ 
sociated with "aftereffects”—deficits 
in performance that occur after the 
noise stimulus is terminated. 

A third effect is an alteration in 
physiological arousal characteristic of 
a generalized stress reaction (Kryter 
1970; Welch and Welch 1970). This 
effect includes increased blood pres¬ 
sure, elevated skin conductance lev¬ 
els, and increased excretion of hor¬ 
mones indicative of sympathetic 
nervous system activity. There is also 
evidence that prolonged exposure to 
noise can produce long-term changes 
in cardiovascular function in animal 
subjects. Particularly notable in this 
regard is research by Peterson and 
colleagues (Peterson 1979; Peterson 
et al. 1981) demonstrating that mon¬ 
keys subjected to noise levels found in 
industrial settings for several months 
developed pronounced (i.e., more 
than 20%) and lasting blood pressure 
elevations. However, as most of these 
reactions in humans have been doc¬ 
umented in laboratory studies in¬ 
volving short-term exposure to rela¬ 
tively high sound levels, the implica¬ 
tions of human laboratory research 
for those suffering prolonged expo¬ 


sure at home or at work are ques¬ 
tionable. 

The respective shortcomings of lab¬ 
oratory and field research on nonau¬ 
ditory effects of noise can be over¬ 
come by a strategy that combines 
experimental and naturalistic studies. 
Laboratory studies serve to direct our 
attention to categories of behavior 
and health that may be affected by 
noise, and to establish a causal link 
between noise and changes in these 
categories. Naturalistic research helps 
to establish whether particular effects 
found in the laboratory also occur in 
real-life settings. Accordingly, this 
article will review research on the 
cardiovascular and behavioral effects 
of noise on humans with particular 
emphasis on health-related cardio¬ 
vascular responses, noise-induced 
shifts in attention, and feelings of 
personal control. In conjunction with 
this review, we will report results of a 
collaborative longitudinal study, the 
Los Angeles Noise Project, designed 
to examine the course of adaptation 
to noise and the impact of noise 
abatement on a variety of physiolog¬ 
ical and psychological processes 
i (Cohen et al. 1980,1981). 

Noise and health 

Is noise harmful to the human body? 
Many would argue that, outside of the 
effects of high-intensity sound on 
hearing (see Kryter 1970; Miller 
1974), there is little convincing evi¬ 
dence for a causal link between noise 
arid physical disorders. However, 
several noise-induced physiological 
changes have been reported in labo¬ 
ratory research, and such changes, if 
extreme, are often considered po¬ 
tentially hazardous to health. 

Epidemiological research in indus¬ 
trial and community settings also 
suggests evidence of deleterious 'ef¬ 
fects, on health. A recent review of the 
foreign industrial noise literature by 
Welch (ms.) indicates that there is 
increased prevalence of certain 
i nonauditory diseases (e.g., cardio¬ 
vascular disorders, gastrointestinal 
I complaints, infectious disease) among 
people who have been exposed at 
work to sound levels of 85 db(A) or 
greater for at least three to five years. 
Welch concludes that these condi¬ 
tions may result in a doubling of risk 
of cardiovascular disease. Moreover, 
the morbidity associated with expo¬ 
sure to relatively high intensities of 


sound increases with advanced age 
and years of employment for both 
men and women. Disease tends to be 
more widespread among those ex¬ 
posed to sound that is unpredictable 
or intermittent, compared to periodic 
or continuous noise. Both absentee¬ 
ism and accident rates are also 
markedly higher for those working in 
intense noise as compared with 
unexposed workers or workers wear¬ 
ing ear protection (Cohen 1976). Un¬ 
fortunately, many of these studies do 
not control for relevant confounding 
factors such as education, income, 
and job demands. It is also important 
to note that several industrial surveys 
failed to find a relationship between 
noise and ill health (Pinlde and Pop- 
pen 1948; Glorig 1971). 

The strongest case for routine in¬ 
dustrial noise affecting health derives 
from research on cardiovascular 
problems (Cohen and Weinstein 
1981; Welch, ms,). Impaired regula¬ 
tion of blood pressure (including 
especially hypertension) is the best 
documented of these effects. For ex¬ 
ample, more than fifteen studies re¬ 
port that the prevalence of hyper¬ 
tension is increased by at least 60% 
among workers chronically exposed 
to sound levels over 85 db (cf. Welch, 
ms,). Additional concomitants of 
prolonged exposure to intense in¬ 
dustrial noise include other clinical 
cardiac symptoms (e.g., arrhythmia) 
and vascular disorders. The impres¬ 
sive amount of data linking cardio¬ 
vascular disorders to exposure to high 
noise levels at work must, neverthe¬ 
less, he viewed with caution, All the 
studies suffer from the methodologi¬ 
cal problems associated with corre¬ 
lational Held research, and many do 
not include adequate control 
groups. 

The effects of community noise on 
cardiovascular problems have also 
been examined. In a series of studies 
conducted in the neighborhoods ad¬ 
jacent to an airport in Amsterdam, 
Knipschild (1977) reports that resi¬ 
dents in areas with high levels of air¬ 
craft noise were more likely to be 
under medical treatment for heart 
trouble and. hypertension, more likely 
(especially among women) to be tak¬ 
ing drugs for cardiovascular prob¬ 
lems, and more likely to have high 
blood pressure and other cardiac ab¬ 
normalities than an unexposed pop¬ 
ulation, While these differences could 
not be explained by age, sex, smoking 


habits, or obesity, the noisy and quiet 
areas did differ in socioeconomic 
status, Another study in the same 
report (Knipschild 1977), not subject 
to this alternative explanation, indi¬ 
cates that increases in the purchase of 
cardiovascular drugs were positively 
correlated with the number of aircraft 
overflights at night. Similarly, a 
Russian study (Karagodina et al. 
1969) suggests that children (9-13 
years old) in noise-affected areas 
around nine airports show blood 
pressure abnormalities, higher pulse 
rate lability, cardiac insufficiency, 
and local and general vascular 
changes. Unfortunately, the report 
does not provide any information on 
the nature of the control population 
or any details of the measurement 
procedures. 

Studies of the effects of traffic noise 
on cardiovascular measures are less 
consistent. A German investigation of 
children in the seventh through tenth 
grades (Karsdorf and Klappach 1968) 
reports higher systolic and diastolic 
blood pressure for children from 
noise-affected schools, while a Dutch 
study (Knipschild and Salle 1979) 
found no evidence for increased risk 
of cardiovascular disease in middle- 
aged housewives living on streets with 
high levels of traffic noise as com¬ 
pared with their neighbors living on 
quieter streets. Despite inconsisten¬ 
cies, the studies of community noise 
do suggest that it is associated with 
increases in the incidence of cardio¬ 
vascular disease and factors related to 
risk of cardiovascular pathology. 

One striking aspect of these data is 
the evidence that children as well as 
adults show noise-associated cardio¬ 
vascular effects. In fact, there is rea¬ 
son to suspect that exposure to high- 
intensity noise is a greater threat to 
children than to adults. Physiological 
development may be disrupted by 
unusual demands of external stres¬ 
sors. As we will describe below, chil¬ 
dren may also be psychologically less 
able to deal with a continuous stressor 
because of a limited repertoire of 
coping strategies or because they lack 
the opportunity to control or manip¬ 
ulate their environment (Cohen et al. 
1979). During the formative years of 
childhood, noise may have a particu¬ 
larly detrimental effect on learning or 
cognitive development. 

A number of years ago, it was theo¬ 
rized that young children contin- 
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uously exposed to noise adopt an at- 
tentional strategy of “tuning out” 
their acoustic environment (Deutsch 
1964). Moreover, it was suggested 
that this strategy, while successful in 
the sense of helping the children cope 
with the noise, has the adverse effect 
of causing children reared in noisy 
environments to become inattentive 
to acoustic cues. Children who tune 
out noisy environments are not likely 
to distinguish between speech-rele¬ 
vant and speech-irrelevant sounds. 
Thus, they will lack experience with 
appropriate speech cues and gener¬ 
ally have difficulty recognizing rele¬ 
vant sounds and their referents. Such 
a disregard of acoustic cues is pre¬ 
sumed to account, in part, for subse¬ 
quent problems in learning to read. 

Recent research suggests that chil¬ 
dren living and attending school in 
noisy neighborhoods are poorer at 
making auditory discriminations even 
when tested in quiet settings. For 
example, Cohen and colleagues (1973) 
studied children in the third through 
fifth grades who lived in apartment 
buildings built on bridges spanning a 
busy expressway. When tested in a 
quiet setting, children living in noisier 
apartments demonstrated poorer 
auditory discrimination and reading 
ability than those living in quieter 
apartments. The magnitude of the 
correlation between noise and audi¬ 
tory discrimination increased with 
the length of residence. Differences in 
race and social class, and hearing 
losses, were ruled out as possible al¬ 
ternative explanations. Similarly, 
Moch-Sibony (in press) compared 
children from a quiet (soundproofed) 
elementary school in the air corridor 
of Orly Airport near Paris to children 
in a nearby noisy (without sound¬ 
proofing) school. The groups were 
matched on socioeconomic grounds. 
Results indicated that children from 
the noisy school showed poorer au¬ 
ditory discrimination, but there were 
no differences between schools in 
reading achievement. 

A third study of four-and-a-half to 
six-and-a-half year old children from 
homes described by their parents as 
either noisy or quiet indicates that 
when tested in quiet settings, children 
from noisy homes did worse on both 
a matching and incidental memory 
task than those from quieter homes 
(Heft 1979). Analyses controlled for 
age, preschool experience, and income 
level of parents. It should be noted, 


however, that lay assessments of noise 
level do not usually correlate highly 
with objective noise measures (Kryter 
1970). 

These results may be termed after¬ 
effects, since task performance was 
measured outside the stressful envi¬ 
ronment. However, Bronzaft and 
McCarthy (1975) tested children in 
their respective noisy and quiet 
classrooms. Children in classrooms 
on the side of a school facing train 
tracks performed less well on a read¬ 
ing achievement test than children in 
classrooms on the quiet side of the 
building. 

Although the evidence suggests that 
children living and attending school 
in noisy environments are poorer at 
making auditory discriminations and 
at reading, there is no explicit data 
that this is attributable to the selec¬ 
tive inattention mechanism. Another 
equally plausible explanation is that 
noise masks parent and teacher 
speech, similarly resulting in the 
child’s lack of experience with ap¬ 
propriate speech cues and, as a con¬ 
sequence, reading deficits. Clearly, 
more research is needed to evaluate 
these various hypotheses. 

Laboratory research on personal 
control over aversive stimuli (Glass 
and Singer 1972) suggests some pos¬ 
sible long-term effects of exposure to 
noise. The majority of this work deals 
with the role of control in offsetting 
adverse physiological and behavioral 
effects during short-term exposure to 
laboratory stress (e.g., Krantz etal. 
1974). Seligman (1975) suggests that 
individuals who continually encoun¬ 
ter environmental events (especially 
aversive events) that they can do 
nothing about display motivational, 
cognitive, and emotional distur¬ 
bances. This psychological state, 
called learned helplessness, results 
because individuals perceive them¬ 
selves as incapable of exerting control 
over the environment. 

Closely related to the work on learned 
helplessness is Glass and Singer’s 
(1972) research on the effects of noise 
on poststimulation performance. 
These and other authors (e.g., Rotton 
et al. 1978; Sherrod et al. 1977) report 
that subjects exposed to uncontrol¬ 
lable noise that is unrelated to an 
ongoing task do less well on post¬ 
stimulation tasks than do subjects 
who perceive that they can terminate 


the noise at will. These effects were 
observed on poststimulation tasks as 
diverse as proofreading and tests 
measuring tolerance for frustration. 
Although various plausible explana¬ 
tions for these aftereffects have been 
suggested (see Cohen 1980 for re¬ 
view), both Seligman (1975) and 
Glass and Singer (1972) assert that 
subjects unable to control or predict 
noise learn that there is little they can 
do to affect the stressor. This pre¬ 
sumably results in lowered motiva¬ 
tion and poorer performance on sub¬ 
sequent poststimulation tasks. 

There is inferential data to suggest 
that those experiencing chronic ex¬ 
posure to noise in real-life settings 
often perceive the noise as uncon¬ 
trollable and show effects similar to 
helplessness. Consider, for example, 
data reported by Herridge (1974) in¬ 
dicating that those living in “noise 
slums” were more likely to be admit¬ 
ted to a mental hospital than those 
living in less noisy areas. Even though 
they were apparently disturbed by 
noise, residents of the noisy areas 
were less likely to complain about 
aircraft noise than residents of con¬ 
trol areas. Herridge suggests that the 
mental distress of those experiencing 
prolonged exposure to noise was due 
more to feelings of helplessness than 
to noise per se. However, the ques¬ 
tionable demographic comparability 
of noisy and less noisy areas in this 
study, and the low base rate of com¬ 
plaints from both areas, restricts our 
confidence in this interpretation. 

Although these data on the relation¬ 
ship between noise and helplessness 
are only suggestive, two studies sup¬ 
ply direct evidence that environ¬ 
mental stress (noise or high levels of 
residential density) can adversely 
affect children’s behavior. Moch- 
Sibony’s (in press) study reports that 
children from a noisy school in an 
airport corridor were less tolerant of 
frustration than their counterparts in 
a quiet school. A well-controlled set of 
experiments by Rodin (1976) dem¬ 
onstrates that living in chronic high 
density can result in feelings of help¬ 
lessness among children. Although 
helplessness is associated with envi¬ 
ronmental stress in both these stud¬ 
ies, our interpretation of this research 
must be restricted since the studies 
are cross-sectional in design. A study 
with good controls examining the ef¬ 
fects of noise stress on helplessness 
would advance our understanding of 


530 American Scientist, Volume 69 


the cognitive and motivational pro¬ 
cesses affected by chronic noise ex¬ 
posure. 

The Los Angeles Noise 
Project 

The evidence reviewed above suggests 
that cardiovascular changes, noise- 
induced shifts in attention, and 
changes in feelings of personal control 
may result from chronic exposure to 
noise. Although investigators have 
begun to take a closer look at the 
nonauditory effects of noise in natu¬ 
ralistic settings, methodologically 
tight studies are rare. And because 
this research tends to be atheoretical, 
comparisons with laboratory work are 
difficult. Moreover, there are few 
longitudinal studies of people living 
and/or working under noise. Thus it 
is unknown whether prolonged ex¬ 
posure to noise results in increasingly 
deleterious effects, or whether those 
exposed for prolonged periods adapt 
to noise, with effects eventually dis¬ 
appearing. 

Studies comparing measures of 
health and behavior of the same per¬ 
son before exposure, immediately 
after exposure begins, and at set in¬ 
tervals for one to several years would 
allow us to determine the long-term 
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Figure 1. Children in noisy schools (color) have 
higher blood pressure than those in quiet 
schools (gray), although the difference lessens 
after the first two years of school enrollment. 
This decrease occurs because children with the 
highest blood pressures move out of the noisy 
neighborhoods. Each time period represents 
the length of enrollment of one-quarter of the 
sample in the schools under Investigation. For 
example, 25% of the children had been enrolled 
in the schools less than two years, (After Cohen 
etal.1980.) 


course of stress and adaptation. In 
addition, longitudinal studies in sit¬ 
uations in which the environmental 
stressor is removed or attenuated 
would make it possible to determine 
whether there are long-term afteref¬ 
fects of prolonged exposure to noise. 
Accordingly, we conducted a con¬ 
trolled longitudinal study of the im¬ 
pact of aircraft noise on elementary 
schoolchildren—the Los Angeles 
Noise Project. The study examined 
the course of adaptation and the im¬ 
pact of noise abatement on blood 
pressure, attentional processes, and 
feelings of personal control (see 
Cohen et al. 1980 and 1981 for a fuller 
report of this study). 

The subjects were children (initially 
in the third and fourth grades) living 
and attending schools in the air cor¬ 
ridor of Los Angeles International 
Airport, and children of similar so¬ 
cioeconomic condition, age, and race 
living and attending schools in quiet 
Los Angeles neighborhoods. Children 
with hearing losses were excluded 
from the study, and relevant demo¬ 
graphic factors were further con¬ 
trolled statistically. In the noisy 
schools, subject to approximately one 
overflight every two-and-a-half 
minutes during school hours, peak 
sound level readings were as high as 
95 db(A) (Lane and Meecham 1974), 
The study focused on effects occur¬ 
ring outside noise exposure; thus all 
tests, except school achievement tests 
given in classrooms, were adminis¬ 
tered in the quiet setting of a sound¬ 
proof van. 

As part of the settlement of a lawsuit 
brought by the school systems against 
the airport, the interior sound levels 
of many of the schools in the air cor¬ 
ridor were lowered following the first 
testing session of the study. Thus a 
large number of noise-affected chil¬ 
dren spent the following year in 
quieter classrooms, while others re¬ 
mained in noisy classrooms, One year 
after original testing, children who 
were still enrolled in their schools 
were retested to determine whether 
effects of noise would persist after 
they were assigned to quieter class¬ 
rooms. Longitudinal data from 
subjects in noisy classrooms at both 
sessions were compared to those from 
children in quiet classrooms at both 
testing sessions to determine whether 
noise effects decreased or disap¬ 
peared over the one-year interval 
between sessions. 


In addition to the noise-abatement 
work done in the schools between the 
testing sessions, a number of class¬ 
rooms had been treated with noise- 
reducing materials several years be¬ 
fore the first session. Separate cross- 
sectional analyses were therefore 
conducted to evaluate the effective¬ 
ness of this earlier noise abatement. 
In our discussion below we will first 
consider the nature and persistence 
of noise effects and then discuss the 
results of abatement. 

The effects of noise on blood pressure 
were quite clear in the data from the 
first session (Fig, 1). Children at¬ 
tending noisy schools had higher 
systolic and diastolic pressures than 
their counterparts in quiet schools. 
Moreover, the pattern of pressures 
suggests that this effect was greatest 
during the first two years in a noisy 
school, with the differences remaining 
consistently smaller after that point. 
It should be noted, however, that 
while these blood pressure differences 
were statistically reliable, the levels 
for children attending noisy schools 
do not as a group exceed normative 
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Figure 2. Children with the highest blood 
pressures measured remain less than two years 
in noisy schools, perhaps because their parents 
also react to the stress of noise, with elevated 
blood, pressures, and move to quieter neigh¬ 
borhoods. Because of this, our data do not en¬ 
able us to determine whether children in noisy 
schools (color) become accustomed to noise or 
continue to show higher blood pressure than 
children in quiet schools (gray), Each time 
period represents the number of years the 
students remained enrolled after the first 
testing session. (After Cohen et al. 1981.) 
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Voors et al. 1976). The long-term 
health consequences, if any, of these 
elevations of blood pressure in chil¬ 
dren remain unknown. 

■ The greater difference during the first 
few years of school enrollment could 
be due to noise-affected children be¬ 
coming habituated to the stressor, or 
it could be due to some kind of subject 
selection bias. That is, children with 
noise-induced blood pressure eleva¬ 
tions may have quickly moved out of 
the noisy neighborhood and thus 
lowered the mean blood pressure for 
children who remained exposed for 
two or more years. 

Additional longitudinal data on how 
long specific children remain enrolled 
in their noise-affected or quiet schools 
helped distinguish between these two 
explanations (Fig. 2). A reanalysis of 
blood pressure data from the first 
session revealed that students with 
the highest blood pressures in the 
noisy schools did indeed leave soon 
(within two years) after the initial 
testing. In the quiet schools, the trend 
was reversed and children with the 
lower blood pressures tended to leave. 
Thus it seems that selective attrition, 
not adaptation, is responsible for the 
decrease in the difference between 
the blood pressure of children in noisy 
and quiet schools. Data from an in¬ 
dependent replication sample of third 
graders are consistent with the results 
discussed above. Children who had 
attended noisy schools for two years 
or less had higher blood pressure 
levels, but those who had been ex¬ 
posed to noise for longer periods did 
not. Our data, therefore, do not en¬ 
able us to determine whether noise- 
affected children with increased 
blood pressure become habituated to 
the stressor over time. 

It is important to emphasize that race 
and social class were controlled for in 
these analyses. Some possible (and 
admittedly speculative) explanations 
for this intriguing effect among 
noise-affected children are (1) par¬ 
ents of children with elevated blood 
pressure were sensitive to their chil¬ 
dren’s experience of stress and as a 
consequence moved to a less noisy 
neighborhood; (2) because of a fa¬ 
milial bias (either genetic or envi¬ 
ronmentally determined), parents of 
children with noise-induced blood 
pressure elevations experienced 
similar stress-related reactions that 
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Figure 3. Children from noisy schools (color) 
were less successful at solving puzzles than 
their counterparts from quiet schools (gray), 
and were more likely to give up before the time 
to work on the puzzle ended. Each time period 
indicates how long one-quarter of the sample 
had been enrolled in the schools. (After Cohen 
et al. 1980.) 


motivated them to move from the 
neighborhood; (3) the children’s ele¬ 
vated blood pressures were a response 
not to the noise itself but to their 
parents’ own noise-induced stress, 
which motivated the parents to move 
from the neighborhood; and (4) some 
unknown additional factor is related 
to mobility, higher blood pressure, 
and living in a noisy neighborhood. 

Although we cannot be certain any of 
these explanations is correct, there is 
recent related evidence that children 
of hypertensive parents show elevat¬ 
ed cardiovascular response to stress 
(Baer et al. 1980; Falkner et al. 1979; 
Obrist et al, in press). This reinforces 
the notion that parents of children 
with elevated blood pressure may be 
suffering from cardiovascular disor¬ 
der. We have no ready explanation for 
the opposite tendency for children 
with lower blood pressures to leave 
the quiet schools after several years. 

Cognitive and 
motivational effects 

To determine whether children in 
noisy schools behave as though they 
have less control over their environ¬ 
ment, the Los Angeles Noise Project 
tested students with a cognitive task 
after an experience of success or fail¬ 
ure, A lack of persistence after failure 
is considered a direct manifestation 
of learned helplessness. Each child 
was given a puzzle to assemble after 
the tester demonstrated the task with 
another puzzle. Half the children re¬ 
ceived an insoluble (failure) puzzle, 
and half a soluble (success) puzzle. 


After time was up on the first puzzle, 
the child was given a second, moder¬ 
ately difficult puzzle to solve. The 
second puzzle was the same for all 
children, and each child was allowed 
four minutes to solve it. The time re¬ 
quired to solve the puzzle and 
whether the child gave up before the 
four minutes had elapsed were used 
as measures of helplessness. Unex¬ 
pectedly, a large proportion of the 
children receiving a soluble first 
puzzle failed to solve it within the 
time allowed. We therefore confined 
ourselves to comparing children from 
noisy and quiet schools, irrespective 
of whether they received success or 
failure puzzles. 

Children from noisy schools were 
more likely to fail to solve the success 
puzzle than children from quiet 
schools. And regardless of whether 
they first received a success (solved or 
not) or failure puzzle, noise-affected 
children were more likely to fail the 
second puzzle, and more likely to give 
up, than quiet school children. 
Moreover, as is apparent in Figure 3, 
the longer the child attended a noisy 
school, the slower he or she was in 
solving the puzzle. 

The strongest indication that the 
failure of noise-affected children to 
solve these puzzles is related to help¬ 
lessness per se would be data indi¬ 
cating that giving up before the al¬ 
lotted time elapsed was more likely 
among children from noisy schools 
who failed to solve the second puzzle 
than among quiet school children who 
failed. A final analysis of only those 
children who failed the second puzzle 
did in fact indicate that the noise- 
affected children gave up more often 
than the quiet children. 

At the second testing session a year 
later, pretreatment success and fail¬ 
ure puzzles were not readministered. 
Each child was given only the second 
puzzle to solve, again with four min¬ 
utes to complete the task. As at the 
first session, children from noisy 
schools were less likely to solve the 
test puzzle than children from quiet 
schools, and more likely to take longer 
solving it. However, in the second 
session noise-affected children were 
not more likely to give up than chil¬ 
dren from quiet schools. This effect 
may have disappeared simply because 
of elapsed time, because of subject 
attrition, or because the children had 
had a previous experience with the 


j same puzzle. It should be noted that 
1 the data from the first session did not 
• j indicate a lessening of giving up with 
> increased years of school enrollment, 
/; thus suggesting that the passage of 
: time alone does not account for this 
difference between the two sessions. 
In sum, performance deficits among 
i children from noisy schools seem to 
^ persist over a one-year period. How- 
% ever, it is unclear whether the poorer 
; performance of noise-affected chil- 
v dren can be interpreted as learned 
helplessness. 

\ Earlier it was proposed that selective 
) inattention may result from chronic 
( exposure to noise. Since children who 
- are relatively inattentive to acoustic 
J cues should be less affected by an 
j auditory distractor, we used distrac- 
tibility to measure selective inatten¬ 
tion. Subjects were instructed to cross 
out the e’s in a two-page passage from 
a sixth-grade reader. The children 
performed the task once while a 
tape-recorded male voice read a story 
at moderate volume, and once under 
ambient sound conditions. We ex¬ 
pected that children from noisy 
schools would be less affected by 
i distraction. Since selective inatten¬ 
tion is a strategy that develops over 
time, we also predicted that this 
“tuning out" strategy would increase 
with exposure (Cohen etal. 1973). 

Data from the first testing session 
(Fig. 4) indicate that children in noisy 
schools did better than the quiet 
group on the distraction task during 
the first two years of exposure to 
noise, and unexpectedly worse after 
four years. The second testing session 
produced similar data, except that 
children enrolled in noisy schools for 
two to four years also appeared to be 
less distractible than their counter¬ 
parts from quiet schools, Contrary to 
earlier evidence, these findings 
suggest that as the length of noise 
exposure increases, children are more, 
rather than less, disturbed by audi¬ 
tory distractors. 

| One possible explanation for this ef- 
; feet is that at first the children at- 
| tempt (somewhat successfully) to 
1' cope with the noise by tuning it out. 
: Later, as they find that the strategy is 
; not adequate, they give it up. This 
interpretation is consistent with the 
I helplessness data. Alternatively, it is 
1 possible that as the duration of ex¬ 
posure increases, the children become 
more discriminating in terms of the 
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Figure 4. Contrary to our expectations, dis- 
tractibility increases with length of exposure 
to noise. In this experiment, children from 
noisy (color) and quiet (gray) schools were 
asked to cross out e’s in a textbook passage, 
once while a recorded voice read an unrelated 
story, and once without distraction. The scores 
have been statistically corrected to reflect 
performance under conditions of no distrac¬ 
tion. Children in noisy schools may give up 
trying to ignore noise when they realize they 
cannot control it. Or, perhaps, they become 
more selective in “tuning out” and are more 
distracted by sounds other than aircraft 
noise—the usual stressor. One-quarter of the 
sample had been enrolled in the schools for 
each time period, (After Cohen et al, 1980.) 


kinds of sounds that they tune out. 
That is, initially they tune out a wide 
range of acoustic stimuli (including 
the distractor used in the present 
study) but later tune out only aircraft 
sounds. 

Auditory discrimination and reading 
achievement were assessed in an at¬ 
tempt to replicate previous work and 
to establish whether there is an asso¬ 
ciation between these skills and the 
children’s attentional strategies. We 
used the results of standardized 
reading and math tests administered 
during the second and third grades by 
the school system, and of an auditory 
discrimination test (Wepman 1958) 
we gave individually to children in the 
soundproof van. We found that math, 
reading, and auditory discrimination 
were all unrelated to exposure to 
noise and to duration of the exposure. 
Further correlational analyses sug¬ 
gested that those children who were 
better at auditory discriminations 
were also better on both the reading 
(r - 0.19) and math (r = 0.18) tests; 
however, there were no significant 
relationships between these variables 
and the selective inattention mea¬ 
sure. 

It should be noted that this study 
may have failed to replicate the pre¬ 
viously reported relationship between 


community noise and reading ability 
(Bronzaft and McCarthy 1975; Cohen 
et al. 1973) because of an experimen¬ 
tal design insensitive to noise-induced 
differences in school achievement. In 
both the earlier studies, all students 
attended the same school. Moreover, 
in the study by Cohen and colleagues, 
students from both noisy and quiet 
apartments were taught in the same 
classrooms by the same teachers. The 
children in the present study at¬ 
tended different schools, were in dif¬ 
ferent classrooms, and had different 
teachers. 

Noise abatement 

Does noise abatement, and the re¬ 
sulting reduction in classroom noise 
levels, decrease the effects of noise? 
To answer this question, we examined 
both cross-sectional data collected 
during the first testing session (com¬ 
paring children in noise-abated 
classrooms to their peers in noisy 
rooms and in quiet schools) and lon¬ 
gitudinal data (looking at changes in 
response of children moved from 
noisy to quiet classrooms, in contrast 
to children who remained in noisy 
rooms). To examine effects of abate¬ 
ment in the first session, we catego¬ 
rized classrooms as noisy, abated, and 
quiet. The mean peak noise level for 
noisy classrooms was 79 db(A); for 
abated, 63 db(A); and for quiet 
classrooms, 57 db(A). Analyses com¬ 
paring children in these classrooms 
suggested only a minimal impact of 
the abatement on the criterion vari¬ 
ables, Factors apparently unaffected 
by abatement include children’s 
perceptions of noise and noise inter¬ 
ference, their blood pressure, and 
their reactions to auditory distrac¬ 
tion. On the other hand, abatement 
seems to provide at least marginal 
improvement in two factors. 

First, it had a slight effect on whether 
or not children were able to solve the 
moderately difficult test puzzle in the 
helplessness task, irrespective of 
whether they had received a soluble 
or insoluble first puzzle. It is note¬ 
worthy, however, that giving up, the 
measure designed to provide a direct 
assessment of feelings of helplessness, 
was affected only by the distinction of 
noisy versus quiet school. Second, 
children in noise-abated classrooms 
also had higher math achievement 
than their peers in noisy classrooms, 
though reading achievement and au¬ 
ditory discrimination ability were 
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unaffected by abatement. It is im¬ 
portant to consider, however, that 
unlike all other tests which were ad¬ 
ministered in a relatively quiet set¬ 
ting, the achievement tests were ac¬ 
tually taken in the classroom. Thus 
the relative deficit in math perfor¬ 
mance of the children from the noisy 
as opposed to noise-abated class¬ 
rooms may be attributable to noise 
interfering with test performance, 
rather than to an aftereffect of noise 
which we would expect to occur out¬ 
side the noisy environment. 

The longitudinal data similarly pro¬ 
vide little evidence that children who 
had been enrolled in a noisy school 
improve in their performance and/or 
health after a school year in a noise- 
abated classroom, even though inte¬ 
rior sound levels were substantially 
reduced. In contrast to the cross- 
sectional analysis, the longitudinal 
data did not even indicate that chil¬ 
dren in noise-abated rooms became 
better able to solve the moderately 
difficult puzzle. This failure to mimic 
the cross-sectional findings may be 
due to attrition or to the marginality 
of the effect itself. Unfortunately, 
school achievement data were not 
available during the second testing 
session, and thus there was no op¬ 
portunity to reevaluate the effects of 
noise abatement on school achieve¬ 
ment found in the cross-sectional 
analyses, 

The evidence for ameliorative effects 
of classroom noise abatement was not 
substantial, nor did it cover a wide 
range of variables. School achieve¬ 
ment test performance, however, was 
affected by the sound attenuation. 
This improvement probably reflects 
a remediation of the effects that occur 
during noise, rather than after expo¬ 
sure. 

Implications and future 
directions 

The data from our study of aircraft 
noise indicate that chronic exposure 
to the noise resulting from aircraft 
overflights affects a variety of cogni¬ 
tive, motivational, and physiological 
processes in a manner generally con¬ 
sistent with previous laboratory 
findings on the nonauditory effects of 
noise and other stressors. Blood 
pressure was relatively higher in 
noise-affected children, they did less 
well with puzzle-solving and math, 
and they were less distractible during 
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the early—but not later—years of 
exposure. With the exception of math 
achievement scores, all these effects 
occurred outside noise exposure, and 
may therefore be considered afteref¬ 
fects. Moreover, they cannot be at¬ 
tributed to confounding economic or 
social variables or to hearing loss. 
Since the effects were also stable over 
a one-year period, there was very little 
evidence that children adapted to the 
noise stressor over time. 

Although this article has discussed 
how the physical intensity of sound 
affects health and behavior, it is also 
important to note that noise is a psy¬ 
chological concept. The meaning of 
noise to the individual and the con¬ 
text in which noise occurs play im¬ 
portant roles in determining its ef¬ 
fects (Cohen and Weinstein 1981; 
Krantz et al., in press; Lazarus 1966). 
Recently completed analyses of data 
from the Los Angeles Noise Project 
have revealed that after controlling 
for the physical intensity of noise, the 
child’s ratings of noise annoyance 
predict a variety of dependent mea¬ 
sures. For example, diastolic blood 
pressure is relatively higher among 
children who rate classroom noise as 
more bothersome. In addition, noise 
levels at home and school have an 
interactive effect, with school noise 
abatement making less of a difference 
on blood pressures of children from 
the noisier homes in the airport 
community. 

Pending replication of these results in 
other settings, it is difficult to draw 
definitive conclusions about the 
clinical or policy significance of these 
data. However, our findings do sup¬ 
port the need for noise abatement in 
noisy settings, and they also suggest 
that short-term protection by sound 
insulation in the classroom may not 
be enough. This relative ineffective¬ 
ness may be because the effects of 
exposure to noise are long lasting; it 
takes more than a one-year reprieve 
from the noise for a return to more 
normal levels of behavior and health. 

In addition, since children are also 
exposed to noise outside school, a 
quieter classroom may not have suf¬ 
ficiently reduced the level of noise in 
their lives. This view is supported by 
some evidence that abatement was 
more effective for children living in 
quieter homes. Decreasing overall 
community noise levels by creating 
buffer zones between airports and 
other sources of high-intensity noise 


and the surrounding communities 
would be one way of providing more 
adequate protection for community 
residents. 

Finally, in evaluating the abatement 
results, we should remember that 
most of the children attending noisy 
schools spent previous years in non- 
abated classrooms. Thus while noise 
abatement was not entirely effective 
for this population, it is possible that 
children who start to attend school 
after the entire school has undergone 
noise abatement (and who are there¬ 
fore always in relatively quiet class¬ 
rooms) would benefit from the 
abatement. 

A research strategy of studying effects 
that are closely linked to laboratory 
Findings, together with the use of both 
cross-sectional and longitudinal ap¬ 
proaches in the field, has important 
benefits. In particular, it helps es¬ 
tablish the scientific validity and 
practical value of work with potential 
implications for social issues. The 
research reviewed in this article 
clearly suggests the impact of com¬ 
munity noise on psychological ad¬ 
justment and on nonauditory aspects 
(particularly cardiovascular) of 
health. As converging laboratory and 
naturalistic approaches eliminate 
alternative explanations for noise- 
associated effects, the potential for 
affecting the formation of public 
policy increases. 
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“So, by a vote of 8 to 2 we have decided to skip the Industrial Revo¬ 
lution completely, and go right into the electronic age.” 
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Alan Schriesheim 
Isidor Kirshenbaum 


A synthetic fuels industry could start contributing 
to our energy supply within a decade and could 
assume significant proportions by the end of the 
century 


The Chemistry and Technology of 
Synthetic Fuels 


The industrial world is in the early 
stages of a major energy transition. 
On the horizon we can clearly discern 
the beginning of the end of the pe¬ 
troleum age, and the world is starting 
to shift from a primary dependence 
on oil and gas for energy to the use of 
a broader, and much more diversified, 
mix of energy resources. Figure 1 
presents a recent projection of the 
energy supply picture for the United 
States up to the year 2000 (1), and 
Figure 2 shows the relative contribu¬ 
tions of various energy resources. 
Today about 90% of our energy comes 
from oil, gas, and coal, with almost 
half from oil alone. This fraction will 
decrease, but it is generally agreed 
that no matter what we do techno¬ 
logically—even if we have major 
breakthroughs, and all current new 
technology is well in hand—we can¬ 
not effect a major worldwide shift 
from the direct and indirect use of 
fossil fuels—oil, gas, shale, and 
coal—until after the year 2000. 

This is not the first energy transition 
in US history. Until about a hundred 
years ago, wood was our primary fuel 
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resource. Then, in the post-Civil War 
years, wood and waterwheels gave 
way to coal. It is now only a genera¬ 
tion or so since coal gave way to 
large-scale use of oil and natural gas 
(Fig. 3). The total energy consump¬ 
tion of a century ago was less than the 
energy generated today by nuclear 
and hydroelectric plants alone. 

The rate at which energy reaches the 
earth’s surface from the sun (about 
10 15 kWh/day) is approximately 
30,000 times greater than the rate at 
which the world is currently con¬ 
suming energy from all sources. The 
sun is an attractive energy source, not 
only because it has sufficient energy 
and durability to meet current and 
future needs, but because its use has 
the potential for avoiding the major 
problems inherent in systems utiliz¬ 
ing other energy sources, such as 
those associated with fuel explora¬ 
tion, extraction, transportation, 
transmission, distribution, and pol¬ 
lution. Man is starting to exploit solar 
energy now, but the contribution 
from this source is expected to be 
quite modest in the near future, al¬ 
though it will undoubtedly be very 
important someday. 

Nuclear fusion has the potential for 
becoming the earth’s primary energy 
resource for essentially all time, but 
the amount of research and develop¬ 
ment needed to realize this potential 
is enormous. Fusion power engineer¬ 
ing is only just beginning, and we are 
certain to encounter major problems, 
including many that we cannot even 
envisage at this point. 

The major short-term efforts in en¬ 
ergy research in the US today focus 
on the conversion of heavy crudes and 
“bottom of the barrel” residua to 
clean fuels, the conversion of coal to 
liquids and gases, the use of oil shale, 


and the development of environ¬ 
mentally acceptable processes for the 
combustion of coal. Longer range, 
there is a steadily increasing amount 
of research on the utilization of solar 
energy, as well as sustained investi¬ 
gation of various aspects of nuclear 
energy. In this paper we will highlight 
several key processes for the produc¬ 
tion of synthetic fuels—gaseous or 
liquid fuels made from sources other 
than classical petroleum, which can 
be used as substitutes for oil or gas. 
(Classical petroleum is petroleum 
that is liquid under normal condi¬ 
tions, unlike tar sands, oil shale, and 
crude oil residua.) We will concen¬ 
trate on situations in which chemis¬ 
try-based solutions could be crit¬ 
ical. 

In evaluating alternative energy re¬ 
sources, a technical parameter that 
often comes up is energy conversion 
efficiency, or net energy balance. The 
production of a synthetic fuel—be it 
from coal, shale, or biomass—involves 
processing steps that consume energy. 
The amount of energy consumed de¬ 
pends on the raw material that is 
being converted, variables in the 
conversion process and technology, 
and the desired end product. Table 1 
shows conversion efficiencies for 
several synthetic fuel processes, all of 
which are in the 35-65% range. Ef¬ 
ficiencies for the generation of elec¬ 
tricity are included for comparison. 
The desirability of a particular epergy 
source does not depend only on its 
energy conversion efficiency, how¬ 
ever. A process with a comparatively 
low energy conversion efficiency may 
still be desirable because of a variety 
of other technical, economic, and so¬ 
ciopolitical considerations. For ex¬ 
ample, in Brazil, as the result of a 
government decision, biomass etha¬ 
nol is used widely as a gasoline sup¬ 
plement and replacement. 


Conversion of crude oil 
residua 


In petroleum refining, the residuum 
is the 10-30% fraction of crude oil 
that remains at the bottom after at¬ 
mospheric and vacuum distillations 
have removed the liquids suitable for 
direct conversion to fuels and petro¬ 
chemicals. The amount of this black 


tarry material, which has a boiling 
point above 575°C, depends on the 
composition of the crude oil. As crude 
oil becomes scarcer, the use of re¬ 
serves of heavy crude oil with high 
boiling points will increase, as will the 
amount of residuum generated. 

Residuum is a highly unreactive ma¬ 
terial with a hydrogen-to-carbon ratio 
of about 1.3. (By comparison, bitu¬ 
minous coal has a ratio of 0.8, raw 
shale oil a ratio of about 1.5, and a 
typical unleaded gasoline a ratio of 
about 1.9.) Although relatively little 
is known about its structure, studies 
have shown that residuum consists of 
a colloidal suspension of asphaltenes 
in oil ( 2 - 9 ). The asphaltenes, which 
are solubilized in the oil by a film of 
polar compounds, are made up of 
polycyclic condensed hydrocarbons, 
which are predominantly aromatic, 
but with some alkyl and cycloalkyl 
substitutions at the periphery of the 
nucleus. Cycloparaffm structures and 
heterocyclic five- and six-membered 
rings containing nitrogen, oxygen, 
and sulfur are incorporated in the 
polycondensed nucleus. Residua 
typically contain metal atoms, such as 
nickel and vanadium, as constituents 
of porphyrin structures associated 
with the asphaltenes. 

At present, residuum is used princi¬ 
pally for blending with other fuels for 
use in power stations, large industrial 
boilers, and ships. However, optimum 
use of available resources requires 
that at least some of the residuum be 
converted into liquids with lower 
boiling points. There is great incen¬ 
tive to develop efficient processes for 
the conversion of residuum to envi¬ 
ronmentally clean liquid fuels that 
can be used in transportation, since 
fuel for cars, trucks, planes, etc., ac¬ 
counts for about half of US petroleum 
consumption today. 

From the viewpoint of chemistry, the 
conversion of residuum to liquids 
with lower boiling points requires a 
reduction in molecular weight, a fairly 
large increase in the hydrogen-to- 



1960 1965 1970 1975 . 1980 1985 1990 1995 2000 

Figure 1. Changes in the total US energy supply hatching, but any shortfall would have to be 
and in the amounts of energy deriving from compensated for by additional oil, through ei- 
different sources are recorded for 1960-80 and ther increased domestic production or in- 
projected for the year 2000. The contribution creased imports. (After ref. 1.) 
expected from synthetic fuels is shown by the 



Figure 2. The contributions to the total US The contribution of the synthetic fuels indus- 
energy supply (in percent) of the sources try is expected to reach 9% by 2000. (Data from 
plotted in Figure 1 are shown for the years 1960 ref.l.) 
and 1980 and are projected for the year 2000, 


carbon ratio, and the removal of het¬ 
eroatoms. The increase in the hy¬ 
drogen-to-carbon ratio can be ac¬ 
complished by adding hydrogen or 
rejecting carbon. Problems encoun¬ 
tered in both approaches result from 
the highly stable—that is, unreac¬ 
tive—carbon-carbon bonds and re¬ 
flect the need for more knowledge of 
the chemical and physical structures 
involved. 

The hydrogenation route requires 
substantial quantities of hydrogen 


Table 1. Approximate conversion effi¬ 


ciencies 

% 

Source Process efficiency 

Coal Liquefaction (eds) 65 

Conversion to 60 

high-Btu gas 

Generation of 35 

electricity 

Nuclear Generation of 30 

electricity 

Biomass Fermentation 35 

to ethanol 


Gasification 55 
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Figure 3, Energy changes in the US during the 
past century have been triggered for the most 
part not by foreseeable shortages, or even by 
changes in price, but rather by opportunities 


and a catalyst resistant to poisoning 
by sulfur, nitrogen, and metals. Car¬ 
bon rejection, as in a conventional 
coking process, produces large 
amounts of coke containing these 
contaminants. Thus a key challenge 
in devising a carbon rejection process 
is how to maximize useful, nonpol¬ 
luting gaseous and liquid products 
without adding hydrogen and at a 
minimum net energy cost. 

One recent answer to the challenge is 
the process called Flexicoking, which 
integrates fluidized solids technology, 
carbon abstraction, and gasification 
of the abstracted carbon in an oper¬ 
ation that maintains a heat balance 
throughout {10). In this process, 
residuum, preheated to about 300°C, 
is sprayed into a reactor containing a 
fluidized solids bed of hot coke. The 
residuum is cracked thermally in the 
reactor at about 525°C, forming gas¬ 
eous and liquid products, which are 
removed to a fractionator and then 
processed further by conventional 
means. Carbon that has been ab¬ 
stracted and deposited on the fluid¬ 
ized coke particles is transferred to a 
gasifier, where it is reacted exother¬ 
mically with steam and air at about 
900°C to form a fuel gas containing 
primarily hydrogen (H 2 ), carbon 
monoxide (CO), nitrogen (N 2 ), carbon 
dioxide (C0 2 ), water (H 2 0), and hy¬ 
drogen sulfide (H 2 S). After removal 
of the hydrogen sulfide, the coke gas 
produced is a nonpolluting fuel suit¬ 
able, for use in boilers and process 


to develop new, more attractive resources and 
technologies. Wood gave way to coal, which in 
turn gave way to petroleum and natural gas as 
principal sources of energy. (After ref. 1 .) 


furnaces. Flexicoking is capable of 
converting a typical vacuum resid¬ 
uum into valuable liquid and gaseous 
fuels and is so designed that all the 
heat needed to drive the coking unit 
is obtained by recycling fluidized coke 
from the gasification reactor. More¬ 
over, it is applicable not only to all 
types of residua but also to tar sands 
bitumen and other low-hydrogen, 
heavy liquid fuels. 

Conversion of coal 

Coal is the most abundant available 
energy resource both in the US and 
worldwide. US coal production— 
about 780 million tons in 1979—is 
expected to triple by the year 2000, 
with about 30% being used in the 
manufacture of synthetic fuels (i). 
[Units in which the measurements 
were originally made have been re¬ 
tained throughout the article.] Coal is 
a generic term covering a broad range 
of carbonaceous materials, which 
differ in origin, geological age, prop¬ 
erties, composition, and structure. 
Coals are classified (or ranked) as 
lignite, sub-bituminous, bituminous, 
and anthracite. This is the order of 
increasing aromatic content and de¬ 
creasing volatile matter and moisture. 
It is also roughly the order of in¬ 
creasing heat content. Wender {11) 
has suggested the simple structural 
models in Figure 4 for visualizing 
changes in rank. 

Coal is basically an organic sedimen¬ 


tary heterogeneous rock with discrete 
inorganic inclusions and an ultrafine 
capillary pore-like structure. The 
actual organic structure of coal has 
been debated actively, and various 
molecular models have been pro¬ 
posed. In one such model for a bitu¬ 
minous vitrinite—the principal or¬ 
ganic component of coal—the main 
types of linkages bridging the poly¬ 
nuclear clusters are short aliphatic 
groups and various kinds of hetero¬ 
atom linkages, such as oxygen (ether) 
and sulfur (sulfide) bonds {12). There 
are also a large number of partially or 
wholly saturated aromatic structures, 
which, together with the short ali¬ 
phatic bridges, impart a good deal of 
nonplanarity to the vitrinite struc¬ 
ture, resulting in cavities between 
clusters and layers in which water or 
other small molecules can reside. Also 
present are oxygen, sulfur, and ni¬ 
trogen heterocyclic structures. Indi¬ 
vidual clusters are small, each being 
composed on the average of two- to 
six-ring units. The aromatic backbone 
of the clusters is a phenanthrene, as 
opposed to an anthracene, struc¬ 
ture. 

There is still much we need to know 
about the inorganic structure of coal. 
About 5-15% of most bituminous and 
sub-bituminous coals is mineral 
matter. Some of the inorganic ele¬ 
ments in coal—particularly cal¬ 
cium-have been shown to have cat¬ 
alytic properties during coal conver¬ 
sion. 

Like the conversion of residuum, the 
conversion of coal to clean liquid fuels 
requires not only a reduction in mo¬ 
lecular weight and removal of het¬ 
eroatoms but also a substantial in* 



Figure 4. The various carbonaceous materials 
referred to as coal have different properties and 
structures. The structures are represented by 
these simple models devised by Wender. (After 
ref . 11 .) 


crease in the hydrogen-to-carhon 
ratio. There are essentially four gen¬ 
eral methods for the liquefaction of 
coal: pyrolysis, gasification followed 
by synthesis, hydroliquefaction, and 
solvent extraction. The basic tech¬ 
nologies for each have been known for 
at least fifty years, and several con¬ 
version processes have been used 
commercially (Table 2). However, 
continued innovative research is ex¬ 
pected to lead to more economical 
and more efficient technologies for 
the conversion and utilization of coal 
as a clean fuel. 

Pyrolysis—destructive distilla¬ 
tion—is a carbon rejection process 
that produces liquids, tars, and much 
coke. The initial step in a coal pyrol¬ 
ysis process, following removal of 
volatiles, is thermal generation of 
organic free radicals on the coal. The 
radicals then react further with the 
coal structure to form a carbonaceous 
char or combine with the hydrogen 
through internal hydrogen transfer 
reactions to form volatile liquids or 
gases. Since the major product of 
pyrolysis is the carbonaceous char, to 
be commercially viable, a process 
based on pyrolysis must make use of 
this char, presumably through com¬ 
bustion and reactions of the gasifi¬ 
cation type. Recent research on py¬ 
rolysis and hydropyrolysis—pyrolysis 
in the presence of hydrogen—has in¬ 
volved fluidized bed techniques and 
other processes {13). Consideration is 
being given to the use of pyrolysis as 
the first step in a more complex pro¬ 
cess, in which the residual char is 
upgraded by gasification, and the 
liquids and tars are upgraded by hy¬ 
drogenation and other refining oper¬ 
ations. 


Table 2, Coal conversion processes dating 
from at least 50 years ago 

Gas from coal 

1780 Fontana: C + H 2 0 -*■CO + H 2 
1902 Sabatier: CO + 3H 2 -+ CH 4 + H 2 0 

Liquids from coal 
1867 Berthelot: Coal + Ha 
1910 Bergius: Coal + H 2 
1925 Flscher-Tropsch: CO + H 2 

Chemicals/tars from coal 
late 1800s Coke ovens 
early 1800s Pyrolysis 


In pyrolysis, coal acts as both an ac¬ 
ceptor and a donor of hydrogen, and 
prolonged heating leads to depletion 
of the internal aliphatic hydrogen 
available for hydrogen-donor transfer 
reactions. Fundamental research 
aimed at achieving a better under¬ 
standing of pyrolysis reactions could 
lead to a process involving a more ef¬ 
ficient and selective internal transfer 
of hydrogen. The basic concept in 
pyrolysis—that thermally generated 
free radicals are trapped by the 
donation of hydrogen, which prevents 
subsequent alkylation and polymer¬ 
ization—is the same as that under¬ 
lying the coal hydroliquefaction pro¬ 
cesses that are currently being stud¬ 
ied and developed. 

In the second process for converting 
coal into liquid fuels—gasification 
followed by synthesis-coal is first 
reacted with steam and oxygen to 
produce synthesis gas—CO and 
Hg—which is then reacted further to 
make fuel hydrocarbons, If desired, 


the gasification process can also be 
used to produce a high-energy syn¬ 
thetic natural gas—essentially 
methane—or a mixture of CO and H 2 
for direct use as a fuel {14). At present 
the water-carbon reaction is carried 
out at a temperature of about 900°C, 
but the addition of a catalyst could 
lower the reaction temperature, 
thereby offering the potential for a 
more energy-efficient process. Adding 
an alkaline material, such as potassi¬ 
um hydroxide or carbonate, to the 
gasifier increases the rate of steam 
gasification enough to lower the re¬ 
action temperature by about 150°C 
{15-18). The alkali also prevents- 
swelling and agglomeration of the 
coals, which tend to cake. Moreover, 
at this lower temperature, and in the 
presence of the catalyst, some meth¬ 
ane is formed in the gasifier. This is 
an exothermic reaction and provides 
some of the heat needed for gasifica¬ 
tion. In the second step in the process, 
synthesis—the production of hydro¬ 
carbons from CO and H 2 —the prin¬ 
cipal problem is low selectivity to 
desired liquid fuel products. 

The conventional Fischer-Tropsch 
process (Fig. 5) produces a broad 
range of paraffinic, olefinic, aromatic, 
and oxygenated compounds, but its 
selectivity with respect to any par¬ 
ticular type of compound or molecu¬ 
lar-weight range is comparatively 
poor. Nevertheless, this process— 
which is the basis of the synthetic fuel 
plants in South Africa—is still the 
only synthetic liquid fuel process in 
commercial use today. While much 
advanced and elegant engineering 
work aimed at developing better coal 
conversion processes is now under¬ 
way, it is based mostly on old chem- 
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PURIFICATION 


85% synthesis gas, 
15% CN, ■■■» 


Figure 5. In the Fischer-Tropsch process, coal combined catalytically to give products with a 


tures, this ether reacts further, to 
produce ethylene, then C 2 -C 4 olefins, 
and then higher olefins, Other hy¬ 
drocarbons are produced via alkyla¬ 
tion, oligomerization, and aromati- 
zation reactions (23). In the Mobil 
process, this sequence of reactions is 
stopped at about C 10 , which means 
that the principal product is gasoline. 
This selective termination at Cm is 
accomplished by means of a zsm-5 
zeolite catalyst. The pore structure of 
this shape-selective, acid zeolite cat- 


is gasified to yield synthesis gas~a mixture of variety of organic structures 
CO and Ha—and methane. The CO and H 2 are weights, which are then separ 


and molecular alyst is the key to restricting the 
ted out. methanol conversion reactions to 
formation of molecules no bigger than 
those needed for gasoline. 


istry—that is, on a limited under¬ 
standing of the structure and chemi¬ 
cal behavior of the organic coal mol¬ 
ecule, What is needed for a superior 
Fischer-Tropsch, or related, process 
is a deeper understanding of the CO 
and H 2 molecular reactions occurring 
on the catalyst surface and of the 
mechanisms involved in chain growth 
and branching (19,20). 

A different approach to improved 
product selectivity involves the use of 
shape-selective zeolite catalysts to 
maximize the formation of molecules 
with molecular weights in the gasoline 
range. In a process developed by 
Mobil ( 21 ), methanol is made from 
synthesis gas by one of the standard 
commercial processes—for example, 
passing CO and H 2 over a Cu/ZnO/ 
Cr 2 03 catalyst at about 250° C. The 
crude methanol is then converted into 



solvent 

hydrogenation 


hydrocarbons by passing it over an 
acidic catalyst. This conversion pro¬ 
cess is essentially one of dehydration 
in a controlled environment, and the 
theoretical yield of hydrocarbons 
cannot therefore exceed 44% by 
weight (22). While a range of hydro¬ 
carbons can be obtained, and a vari¬ 
ety of acidic catalysts can be used, 
which products are actually formed 
depends strongly on the nature of the 
active catalyst sites as well as on 
process parameters. 

The conversion of methanol to hy¬ 
drocarbons involves a sequence of 
consecutive reactions. The first step 
in the process is the formation of di¬ 
methyl ether and water. The reaction 
is rapid and highly exothermic. At 
about 260° C, with the appropriate 
catalyst, dimethyl ether is the sole 
organic product. At higher tempera- 


tetralin 


m - qj 

hypothetical coal fragment liquid product 


d T’ tet J ralin > Juce a liquid product. The naphthalene that is 

f a i ydl T at ? mS 10 free radicak formed in thia P rocess c an be converted back 

formed by the thermal cracking of coal to pro- into tetralin by hydrogenation. 
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In the third process, hydroliquefac¬ 
tion, coal is liquefied directly by 
treatment with hydrogen at temper¬ 
atures of about 450°C and pressures 
in the range of 70-200 atmospheres. 
Many of the engineering problems 
have now been solved, and coal liq¬ 
uefaction technology is close to being 
viable on a commercial scale. Three 
processes are being explored by 
groups at Ashland, Exxon, and Gulf 
(24). In each, as in pyrolysis, the basic 
chemistry involves thermal genera¬ 
tion of free radicals via homolytic 
scission and subsequent internal 
transfer of hydrogen, Addition of 
hydrogen—either molecular hydro¬ 
gen or hydrogen from an organic 
donor—is aimed at minimizing re¬ 
combination processes, which, in 
conventional pyrolysis, lead to char. 
The mechanisms are different for 
molecular and donor hydrogen, but 
with both, the net effect is a greater 
amount of liquid product, and a con¬ 
venient and economical source of 
hydrogen is required, Production of 
hydrogen by coal gasification is one 
possibility, and the synthetic fossil 
fuel refinery of tomorrow may inevi¬ 
tably include a coal gasification op¬ 
eration. 

Ashland’s H-coal process, a catalytic 
process that is now being studied in a 
600-ton/day pilot unit, is a direct 
hydrogenation process, in which 
slurried coal is reacted with hydrogen 
in an ebullating catalyst bed, Exxon’s 
EDS process is now being evaluated 
in a 260-ton/day pilot plant at Bay- 
town, Texas. It is a catalytic process 
but one that involves the use of a hy¬ 
drogen-donor solvent. An example of 
such a hydrogen-donor molecule is 
shown in Figure 6 , Gulfs SRC-II pro¬ 
cess is both a hydroliquefaction and 
a noncatalytic solvent extraction 


process. It has been evaluated in a 
50-ton/day pilot unit. 

Oil shale 

The term oil shale is used generically 
to describe a wide variety of sedi¬ 
mentary rocks containing a solid hy- 
drocarbonaceous material called 
kerogen (Fig. 7). Little is known 
about the structure of kerogen. One 
theory is that it is a highly cyclo- 
paraffinic polymer with a molecular 
weight of more than 3,000 and with 
closely associated aromatic, hetero¬ 
cyclic, hydroxylic, carboxylic, and 
related groups. When heated to about 
450-600° C, kerogen undergoes de¬ 
structive distillation, thereby pro¬ 
ducing about 10-40 gallons of a crude 
oil per ton of feed shale. Commercial 
development is feasible only for yields 
of at least 25 gallons of oil per ton. Oil 
shale is a prime energy resource in the 
US, which has large reserves in Colo- 
! rado, Utah, and Wyoming. The crude 
| oil from the shale can be processed 
readily in conventional petroleum 
refining facilities to produce quality 
fuels, including high-octane gasoline, 
as well as diesel and jet fuels. Shale is 
almost the exact opposite of coal: coal 
is mostly organic, with a low hydro¬ 
gen-to-carbon ratio, whereas shale is 
highly inorganic, calcite, dolomite, 
and illite being the principal constit¬ 
uents of Colorado oil shale; however,, 
what organic matter there is in shale 
is rich in hydrogen. 

The basic concept and technology 
underlying the removal of oil from 
shale have been around for a long 
time. It is almost 300 years since the 
British government, in 1694, issued 
patent UK 330, which described a 
way of making oil, tar, and pitch from 
a “sort of rock’W Since then, many 
plants have been built—the first 
commercial plant was built in France 
in 1838—and thousands of patents 
have been issued worldwide. Interest 
in shale oil has waxed and waned over 
the years, especially during the last 
century. In the US and elsewhere, 
interest is on the rise again, and 
commercial plants are planned for the 
not-too-distant future (26-31). While 
these plants will differ in detail, the 
operations will all involve mining, 
grinding, heat generation, heat 
transfer, retorting (or pyrolysis), heat 
recovery, and solids disposal. This 
last can be a problem, and it has been 
the subject of development work and 
study (32). 



Figure 7. Sedimentary layering is visible in this irregularities now present in what were origi- 
photograph of oil shale from the Piceance nally perfect layers were caused by compaction 
Basin, Colorado. The handing is a result of and dewatering of the sediments during the 
seasonal variation in biological productivity, burial process. (Courtesy of Brian J. 
with the organic-rich layers being darker. The Skinner.) 


The only known practical method of There is still a need for substantial 
extracting shale oil is to heat it, and a development work, owing, in part, to 
number of devices, or retorts, have environmental issues. One major 
been developed. In one operation— problem is the sheer amount of waste 
TOSCO II-crushed raw shale is fed product that would result from a 
through a surge hopper and is pre- commercial operation. Retorted, or 
heated by a fluidized bed technique spent, shale rock is the principal such 
(31). The preheated feed is trans- product. This gray-to-black solid 
ported to a sort of rotating kiln, in represents 85% or more by weight of 
which it is mixed with heated ceramic the feed to the retorts. Moreover, as 
balls, or pellets. The solid, processed a result of expansion during process- 
shale is then passed through a rotat- ing, it takes up as much as 125% or so 
ing cylindrical screen and cooled be- of the original volume of solids fed 
fore being put into storage. The into the system, 
cooled ceramic pellets are also passed 

over the screen and are then returned A 50,000-bbl/day shale oil plant 
to the pellet heater by elevator. Py- would process about 30 million tons 
rolysis vapors are condensed in a of raw shale per year and would re¬ 
fractionator. Uncondensed hydro- quire the disposal of about 500 mil- 
carbon gases can be utilized as in- lion cubic feet of compacted spent 
plant fuel or may be processed to shale annually. The spent shale con- 
produce hydrogen. The gases are also tains salts that are potentially lea- 
used to heat the ceramic balls and chable and organic pyrolytic prod- 
preheat the raw shale. ucts, Moreover, the crude shale oil 

contains a large amount of nitrogen 
The yields of products from retorted and significant amounts ’ of arsenic 
shale and their fuel value depend on (33, 34), both of which can poison the 
the composition of the particular catalysts used in the process and 
source, as well as on the retorting complicate subsequent refining steps, 
conditions. In general, retorting pro- These and various other elements 
cesses strive to maximize yield and to present in oil shale are also potential 
be in energy balance without recourse pollutants. Furthermore, waters 
to burning any of the liquid product, produced during retorting, which are 
Temperatures are such as to mini- subsequently separated from the 
mize decomposition of carbonate shale oil, contain comparatively high 
minerals, thereby maintaining high concentrations of complex soluble 
thermal efficiency. organic substances. These and other 
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problems are solvable and offer 
challenging research opportunities 
(35,36). 

Since mining, crushing or grinding, 
and above-ground retorting make up 
a substantial portion of the cost of 
producing oil from shale (26, 27), 
consideration has also been given to 
retorting shale oil in place. Although 
there are advantages—for example, 
less need to dispose of large amounts 
of spent shale—there are also dif¬ 
ficulties, and in-situ technology is still 
in a relatively early stage of develop¬ 
ment. Nevertheless, the world is once 
again ready for shale oil plants, and 
the US can be expected to produce 
about 3 million barrels of shale oil per 
day by the year 2000 and 8 million 
barrels per day by 2010 (37). 

It is clear that the timely develop¬ 
ment of a synthetic fuels industry in 
the US and other industrial nations is 
important to an orderly transition 
from reliance principally on oil and 
gas to use of a more diversified mix of 
energy sources. Despite the problems 
that remain to be solved, a synthetic 
fuels industry could start contribut¬ 
ing to the domestic energy supply in 
the US by the end of the 1980s, since 
several processes for making syn¬ 
thetic fuels are in advanced stages of 
development. The conversion of coal 
to liquids and gases, the utilization of 
oil from shale, and the conversion of 
heavy crude oils and heavy petroleum 
residua to clean fuels constitute three 
of the more promising routes to syn¬ 
thetic fuels. The contribution of a 
synthetic fuels industry to the total 
energy supply of the US in the year 
2000 is expected to be about 9%— 
equivalent to about 4.5 million barrels 
of oil per day. These synthetic fuels 
will derive primarily from conversion 
of coal and separation of oil from 
shale. 

References 

1. Exxon Company,' USA. 1979. Energy 
Oullaok 1980-2000, Houston: Exxon. 

2. H. Kim and R. B. Long. 1977. Am. Chem. 
Soc. Div. Petr. Chem. Preprints 22:53. 

3. J. P. Dickie and T. F. Yen. 1967. Analyt. 
Chem. 39:1847. 

4. T. F. Yen. 1972. Am. Chem. Soc. Div. Petr. 
Chem. Preprints 17:F103. 

5. H. V. Drushel. 1972. Am. Chem. Soc. Div. 
Petr. Chem. Preprints 17.F92. 

6. T, F, Yen and D, K. Young. 1973. Carbon 
11:33. 

7. H, J, Neumann and J, Rahimian. 1973. 
Bitumen 35:1. 


8. B. Riediger, 1976. Int. Chem. Eng. 16: 
203, 

9. S, R. Sergienko. 1977. Nejtekhimiya 17: 
809. 

10. T, K. Kett, G. C. Lahn, and W. L. Schuette. 
Flexicoking: A versatile residuum conver¬ 
sion process. Paper read at 67th Annual 
Meeting of Am, Inst. Chem. Eng., 2 De¬ 
cember 1974, in Washington, D.C. 

11. I. Wender. 1976. Catal. Rev. Sci. Eng. 
14:97. 

12. G, A, Mills. 1978. In Proceedings of the 
Robert A. Welch Foundation Conference 
on Chemical Research, XXII; Chemistry 
of Future Energy Resources, ed. W. O. 
Milligan, p. 91. Houston: R. A. Welch 
Foundation. 

13. J. M. Holmes, H. D. Cochran, Jr., M, S. 
Edwards, D, S. Joy, and P. M. Lantz. 1977. 
In Coal Processing Technology: A CEP 
Technical Manual, vol. 3, p. 40. Am. Inst. 
Chem. Eng. 

14. A. Verma. 1978, Chemtech 8:372,626. 

15. K, W. Woodcock. 1978, In Proceedings of 
the 13th Intersociety Energy Conversion 
Engineering Conference, vol. 1, p. 2148. 
Society of Automotive Engineers. 

16. N. C. Nahas and J. E. Gallagher, Jr, 1978. 
In Proceedings of the 13th Intersociety 
Energy Conversion Engineering Confer¬ 
ence, vol. 1, p. 2143. Society of Automotive 
Engineers, 

17. K. K, Koh, R. E. Pennington, L, W, Ver¬ 
non, and N. C. Nahas. 1976, US Patent 
3,958,957, to Exxon Research and Engi¬ 
neering Company. 

18. C, J. Vadovic and J, M. Eakman. 1978, Am. 
Chem. Soc. Fuel Chem. Div. Preprints 
23:89. 

19. H, Koelbel and M. Ralek. 1980, Catal. Rev. 
Sci, Eng. 21:225. 

20. V, Ponec. 1978. Catal. Rev. Sci. Eng. 18: 
151. 

21. S. L. Meisel, S. L. McCullough, J. P, 


Lechthaler, and P. B. Weisz. 1976. Chem¬ 
tech 6:86. 

!. C. D. Chang and A. J. Silvestri. 1977. J 
Catal. 47:249. 

z3. C. D. Chang, J. C. W. Kus, W. H. Lang, S. 
M. Jacob, J. J. Wise, and A. J. Silvestri. 
1978. Ind. Eng. Chem. Proc. Dev. 17:255. 

24. US Congress. 1980. Liquefying Coal for 
Future Energy Needs. Report to the 
Congress, E MD-80-84. 

25. M. Eele, T. Hancock, and W. Portlock. 
1694. UK Patent 330. 

26. T. K. Kett. 1980. Oil and Gas J. 78:55, 

27. Anon. 1980, Oil and Gas J. 78:112. 

28. Anon. 1980. Chem. Eng. News 58:42. 

29. R. F. Sullivan and B. E. Stangeland. 1979. 
In Refining of Synthetic Crudes, ed. M, L 
Gorbaty and B. M. Harney. SCS Advances 
in Chemistry Series, No. 179. 

30. F. B. Carlson, L, H, Yardumian, and M. T. 
Atwood. 1973. Chem. Eng. Progress 69: 
50. 

31. Air Force Aero Propulsion Laboratory, 
Wright-Patterson Air Force Base. 1977! 
Evaluation of Methods to Produce Avia¬ 
tion Turbine Fuels from Synthetic Crude 
Oils, Phase 3. Tech. rept. AFAPL-TR- 
75-10, Vol. 3. 

32. TRW Energy Systems Group, McLean, 
VA. 1980. Oil Shale Data Book. NTIS 
rept. PB 80-125636. 

33. E, D. Burger, D. J. Curtin, G. H. Myers, 
and D, K. Wunderlich. 1975, Am. Chem. 
Soc. Div. Petr. Chem. Preprints 20:765. 

34. R. W. Hildebrand and B. M. Harney, 1978, 
Am. Chem. Soc. Fuel Chem. Div. Preprints 
23:1. 

35. US Congress. 1980. An Assessment of Oil 
Shale Technologies. Office of Technology 
Assessment. 

36. R. C. Routson, R. E. Wildung, and R. M. 
Beans, 1979. J. Emir. Qual. 8:14. 

37. Exxon Company, USA. 1980. The Role of 
Synthetic Fuels in the United States 
Energy Future. Houston: Exxon. 



542 American Scientist, Volume 69. 


Larry I. Crawshaw 
Brenda P. Moffitt 
Daniel E. Lemons 
John A. Downey 


The Evolutionary Development of 
Vertebrate Thermoregulation 

The vertebrates, from fish to humans, have evolved 
a wide variety of systems to deal with variations in 
the environmental temperature 


The body temperature of humans is 
very accurately regulated; this con¬ 
stancy forms a milieu within which 
other homeostatic organ systems can 
function. It would be hard to envisage 
an organ as complex as, for example, 
the human brain, with its ten billion 
interacting neurons, functioning in a 
precise manner under conditions of 
rapidly fluctuating temperature. 
Many people often assume that ac¬ 
curate regulation of body tempera¬ 
ture was somehow associated with the 
evolution of birds and mammals, In 
fact, although a high and constant 
internal temperature was unques¬ 
tionably a major factor in the evolu¬ 
tion of these vertebrate classes, the 
evolution of an extremely accurate 
system to sense thermal fluctuations 
and to initiate responses to these 
fluctuations occurred much earlier. In 
this paper we will trace the develop¬ 
ment of the vertebrate thermoregu- 
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latory system, emphasizing the im¬ 
portance of the immediate physical 
environment in determining the de¬ 
velopment and the mode of utiliza¬ 
tion of the basic thermoregulatory 
neuronal network. 

Problems posed by the diverse ther¬ 
mal environments of the earth have 
elicited two major classes of solution 
by animals—structural alterations 
and regulatory adjustments. Struc¬ 
tural alterations, which take place 
over varying amounts of time, involve 
the tailoring of molecules to specific 
environments. Long-term alterations 
entail evolutionary species-specific 
genetic adaptations to particular 
thermal niches. For e xample, the 
thermophilic ba cteri a that are com¬ 
monly observed TrT h ot springs can 
gro w and reprod u ce at 85° C. The 
Transfer RNA in these organisms ex- 


tci'ihThcreas'ed conten t of guanine- 
cyTosine base paTr sTn H magnesium 
ionT anFmore rigid'BonJmgdueto,, 
tHTpre sence of suIfurT Ushima et al. 
f9T6)TATtHeothe r extreme, certain 
AntarcTiOsFes inhabit ice-laden 
seawater that has a t emp erature of 
^1.9 Q C. Although the freezing point 
predicted by the colligative properties 
of their body fluids is above the water 
temperature, these animals do not 
freeze. They survive bec ause of t heir 
ability to synthesiz e a umqueglyco- 
protein ‘ ( antifreeze ,T " c omposed of a 
IrnTblTreDeating unit involving only 


two amino acids (alanine and threo¬ 
nine)" anH THTsaccharid e (DeVries 
j nd Lin 197717 

Short-term structural alterations can 
be induced hours, days, or weeks after 
a chronic shift in the environmental 
temperature. These alterations, 
termed thermal acclimation, allow 
the animal to function more effec¬ 


tively at the new temperature. Al¬ 
though the mechanisms that elicit it 
are unknown, thermal acclimation 
has been observed to occur at many 
levels of organization and to affect the 
entire physiological and biochemical 
functioning of the organism. Many 
responses of thermal acclimation 
occur in all the vertebrate classes and 
are due to the direct effect of tem¬ 
perature on single cells. Thermally 
induced alterations in the fatty acid 
composition of membrane lipids form 
one example: jtt higher temperatures 
incre asing proportions of saturate d 
and long-chainTafty acids are inco r¬ 
porated into phospholipids, produc-: 
Tn ^stahlevTscosities ... (Hazel and 
Prosser 1974; Farkas and Csengeri 
1976). This process of “homeoviscous 
adaptation” has been observed even 
in membrane preparations of an ex : 
tremely smUl organism— the b acte- 
rium Escherichia coli (Sinensky 

TOT. 

Some mechanisms subsumed under 
thermal acclimation may actually 
involve no structural alterations, Si- 
dell (1977) has shown that the con¬ 
centration of cytochrome 0, a respi¬ 
ratory pigment, increases when green 
sunfish (Levo mis cyanellus) are 
moved from 25° to 5°C. Upon cooling, 
lETr ate of synthesis of this cyto- 
Thrdidie is immediately decreased by 
KTTwKilethe rate of degradation is 
TdncomitantTvdecreased bv iQ%. The 
time it takestoachieve increased 
concentration appears to be a simple 
consequence of these two rates, 
combined with thermally induced 
changes in the half-life of the mole¬ 
cule. If similar changes characterize 
other components of the mitochon¬ 
drial respiratory chain, the sum of all 
the changes provides a mechanism 
that accounts for some effects of ther¬ 
mal acclimation on metabolic rate, 
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Although the central nervous system 
probably influences thermal accli¬ 
mation in all vertebrates, the influ¬ 
ence is most clearly seen in the endo¬ 
thermic animals—birds and mam¬ 
mals—whose body temperature is not 
altered during acclimation. (By con¬ 
trast, the body temperature of an ec- 
tothermic animal is determined pri¬ 
marily by the environment.) Rather, 
as the thermal exposure continues, 
more efficient responses are substi¬ 
tuted for the usual mechanisms. An 
example of centrally influenced ac¬ 
climation is the increase in nonshiv¬ 
ering thermogenesis seen in many 
small mammals following prolonged 
exposure to cold. This ef ficient for m 
of heat production involves an in- 
creased sensi tmtv..oL various organs, 
es pecially brown fat, to the synergistic 

line and thyroid hormones. A major¬ 
it y of the heat produced i_s apparent ly 
due to increased acti vity of t he sodi¬ 
um pump, a mec hanism in the cell 
‘membrane wKicE utilize s energy to 
m ovesbdium out of the ceflagainstT 
concentration gradie nt- (Guernsey 
and Stevens 1977)TCentral influences 
clearly are indicated: the capability 
for nonshivering thermogenesis can 
be induced by locally cooling either 
the spinal cord or the anterior hypo¬ 
thalamus (Banet and Hensel 1976a, 
1976b). 

The second way that animals respond 
to the thermal environment is by 
means of regulatory adjustments. 
Mediated by the central nervous 
system, regulatory adjustments are 
required for the maintenance of body 
temperature within narrow limits. 
These adjustments must be initiated 
within minutes of an animal’s per¬ 
ception of change in the thermal en¬ 
vironment and must be of the ap¬ 
propriate magnitude. Vertebrates 
utilize both behavioral and autonomic 
responses, which operate in a com¬ 
plementary fashion. 

under appropriate conditionTd em- 

temperatures. Such behavioral re" 
sponses are highly developed in ver¬ 
tebrates and when successfully per¬ 
formed obviate the need for auto¬ 
nomic or biochemical adjustments. If, 
however, behavior is inadequate, au¬ 
tonomic responses are activated ei¬ 
ther to anticipate the physiological 
effects of temperature change or to 
stabilize internal temperatures. Au¬ 
tonomic responses include shivering 
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and panting, which can be elicited 
rapidly, in a dog, for example, by 
placing it in an excessively cold or 
warm environment. These responses 
illustrate a condition typical of ther¬ 
moregulatory autonomic responses: 
they are often borrowed on a tempo¬ 
rary basis from other organ systems, 
in this case the salivary glands and 
the skeletal muscles. 

The ability of an organism to avoid 
lethal thermal environments is of 
course very important, and thus be¬ 
havioral modes of temperature ad¬ 
justment were probably the most in¬ 
fluential ones in the initial develop¬ 
ment of the vertebrate thermostat. 
Behavioral adjustments involve, by 
definition, a response of the whole 
animal, and they can be either innate 
or learned. Innate behavioral se¬ 
quences often evolve when a partic¬ 
ular activity bears a fixed relation to 
a particular outcome. For example, 
young fish, with little experience in¬ 
volving heterogeneous thermal envi¬ 
ronments, often swim straight down 
when confronted with a warm, 
stressful temperature: under most 
conditions this would lead the fish 
into cooler water. Learned responses, 
on the other hand, are more flexible 
but do require a period of training. 
Thus, goldfish placed in excessively 
warm water can, with relative ease, be 
taught to alter the thermal environ¬ 
ment by pressing a lever which in¬ 
troduces cold water into the chamber 
(Rozin and Mayer 1961). 

The first vertebrates, of the order 
Ostracodermi, appear in the fossil 
records of the Ordovician period of 
the Paleozoic era, about 500 million 
years ago. It is likely that these jaw- 
less animals developed in a heter- 
othermal freshwater environment, in 
which behavioral thermoregulatory 
skills would be essential. Since the 
ostracoderms became extinct almost 
400 million years ago, it is difficult to 
assess how they dealt with varied 
thermal _ environments. All verte¬ 
brates alive today, however primitive 
their structure, have had a long time 
to evolve specialized physiological 
capabilities. However, if we investi¬ 
gate many living vertebrates from 
varied classes and inhabiting various 
environments, and we find that they 
all exhibit certain characteristics, we 
can conclude that the ancestral ver¬ 
tebrates had themselves developed 
those characteristics or at least em¬ 
bodied a predisposition for such de¬ 
velopment. 


Behavioral responses of 
water-breathers 

Animals that live in and breathe 
water are faced with a number of se¬ 
rious problems in a heterothermal 
environment. Members of all three - 
classes of water-breathing vertebrates 
alive today—Agnatha (jawless ver¬ 
tebrates), Chondrichthyes (carti- 
lagenous fishes), and Osteichthyes 
(higher bony fishes)—provide an 
enormous variety of species for in¬ 
vestigation. The most complete body 
of scientific knowledge covers the 
bony fishes. The outer skin of these 
animals is exquisitely sensitive to 
temperature: they have an ability to 
sense changes of less than one degree 
G. These skin receptors influence 
thermori^toriTbeEv i^huFi^ 
orde^proyulLe observableJehav-"' 
loral adjustments, - differences of 
several d egree s are necessary. " 

Experiments on Antarctic icefish 
provide a good example of this be¬ 
havior. These animals are placed in a 
two-chambered tank, with one 
chamber at 3°C—the temperature to 
which they had been acclimated— 
and the other at 5°C. When placed in 
the 3° chamber the fish are quiescent. 
When placed in the 5° chamber, 
however, they swim rapidly into the 
other chamber. Since the escape from 
the 5° water occurs well before any 
change in temperature is evident in 
the brain or body core, these experi¬ 
ments document the importance of 
peripheral thermosensitivity as well 
as the high priority which animals 
attach to remaining at the tempera¬ 
ture where they best function 
(Crawshaw and Hammel 1971). 

Neurophysiological recordings from 
cutaneous temperature-sensitive 
nerves in many of the vertebrate 
classes indicate that these receptors 
respond to sudden shifts in temper¬ 
ature with a burst of impulses. This 
property greatly enhances the ability 
of the organism to detect small tem¬ 
perature changes, but militates 
against the use of these nerves as the 
sole input to a regulator. A more sta¬ 
ble system would also need informa¬ 
tion from centrally located neurons. 
The search for thermosensitive loci in 
fish was made easier by an apprecia¬ 
tion of the continuity of thermoreg¬ 
ulatory processes throughout the 
vertebrate subphylum. 

In the late nineteenth and early 
twentieth centuries, European and 
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Figure 1, The neurophysiological basis for 
thermoregulation in fish is believed to be lo¬ 
cated in the anterior portion of the brainstem; 
an enlarged diagram of the area is shown below 
the fish, A further enlargement represents the 
neurophysiological network as a simple neu¬ 
ronal diagram, The network forms a negative 
feedback loop: the deviation of a variable from 
the regulated level evokes a response that re¬ 
stores the, variable toward its initial level. 
Neurons of type A, which are heat-sensitive, 
excite the A' neurons, which activate responses 
appropriate to heat stress, Type A neurons also 
inhibit type B' neurons, The B neurons are 
relatively insensitive to heating; they activate 
B' neurons, which initiate responses appro¬ 
priate to cold stress, The B neurons also inhibit 
type A' neurons. The graph depicts the inter¬ 
action of these four types of neurons at various 
temperatures, The intensity of activity is in¬ 
dicated in terms of frequency of impulses 
transmitted by the neurons, (After Hammel et 
al, 1973.) 



American physiologists established 
the importance of the anterior por¬ 
tion of the mammalian brainstem, 
both in sensing internal temperature 
and in integrating thermal informa¬ 
tion from various body locations. 
Later, Rodbard and co-workers 
(1950) and Hammel and co-workers 
(1967) initiated the investigation of 
the role of the central nervous system 
in the thermoregulatory mechanism 
of reptiles. Crawshaw and Hammel 
(1973,1974) demonstrated the func¬ 
tion of the anterior brainstem in the 
regulation of body temperature in 
both bony and cartilagenous fishes. 
Heating and cooling this tiny portion 
, of the brain causes fish to swim to 
cooler and warmer water, respec¬ 
tively, Also, following destruction of 
this same brain locus, fish exhibit 
much less preference for a particular 
temperature when they are placed in 
a thermal gradient (Nelson and 
Prosser 1979), 

Although the many physiological 
systems underlying vertebrate ho¬ 
meostasis—-such as the cardiovascu¬ 
lar, respiratory, energetic, ionic, and 
osmotic—interact among themselves 
and with neuronally mediated sys- 


terns—such as attention and 
arousal—they can, in principle, be 
represented by simple neuronal di¬ 
agrams, Such systems involve a neg¬ 
ative feedback loop, which means 
that deviation of a regulated variable 
from an optimum level elicits a. re¬ 
storative response, Figure 1 illustrates 
how the thermoregulatory responses 
of a vertebrate can be represented by 
about one dozen neurons, The rela¬ 
tively few requirements of such ho¬ 
meostatic systems for information- 
processing make possible a rigorous 
study of the input-response rela¬ 
tionships, By contrast, consider the 
difficulty of producing a neuronal 
diagram: which would represent the 
demonstrated ability of an Adelie 
penguin to locate the proper mate in 
a teeming rookery of 10,000 individ¬ 
uals. ' 

Given a stable system to direct it to 
water of a particular temperature, an 
organism can also benefit under cer¬ 
tain conditions from simple adjust¬ 
ments in neuronal activity, hormone 
level, or other inputs which alter the 
temperature selected by the animal. 
For example, during starvation and 
inactive periods and in the winter 


certain fishes select lower tempera¬ 
tures. The ensuing decrease in meta¬ 
bolic rate presumably aids in the 
conservation of energy during these 
stressful periods. 

Warmer temperatures are typically 
selected by younger fish and by all 
vertebrates with bacterial infections. 
One advantage of a higher body 
temperature during a bacterial in¬ 
fection may be an increase in the 
speed of the immune response of the 
host (Kluger 1978). Following the 
injection of live bacteria (Aeromonas 
hydrophila), survival is increased for 
both fish and reptiles if they are 
maintained at (or allowed to select) 
temperatures 2-3°G above those 
normally sought out (Kluger 1978; 
Reynolds et al, 1976). Young fish are 
likely to benefit from the selection of 
warm.water in two major ways: warm, 
shallow water is typically safer from 
the predation of larger fish, and it also 
permits more rapid growth, given 
adequate food supplies. 

Accurate behavioral regulation helps 
the organism to avoid rapid alter¬ 
ations in body temperature, which, as 
many aquarists have discovered, are 
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quite stressful for most fish. The 
respiratory, ionic-osmotic, and acid- 
base systems are markedly influenced 
by temperature change and may ac¬ 
count for a large proportion of the 
thermal stress. Increases in water 
temperature elevate the metabolic 
rate of fish, while concurrently de¬ 
creasing the amount of oxygen that 
the water can carry. A very important 
part of ion regulation and osmoregu¬ 
lation occurs at the gill epithelium in 
fish. The cells responsible for active 
ion uptake are very sensitive to tem¬ 
perature change; rapid decreases in 
temperature are particularly disrup¬ 
tive, because active uptake of ions is 
slowed more than the passive out¬ 
ward diffusion and a net loss of plas¬ 
ma electrolyte occurs as a result 
(Maetz 1972). 

Autonomic responses of 
water-breathers 

The problems of the acid-base system 
that fish encounter during tempera¬ 
ture change are directly linked to the 
respiratory medium: water. Actively 
metabolizing cells utilize oxygen and 
produce carbon dioxide. Since carbon 
dioxide is about thirty times as solu¬ 
ble in water as oxygen is, the more 
difficult operation at the gill is to ex¬ 
tract sufficient oxygen from the 
water. Ventilation of the gills at a rate 
sufficient to supply the necessary 
oxygen is more than adequate to re¬ 
move the carbon dioxide produced. 
The respiratory centers in the fish 
brain are, predictably, affected by 
very small changes in the partial 
pressure of oxygen in both the in¬ 
spired water and the arterial blood. 
However, variations in gill ventilation 
in response to altered oxygen re¬ 
quirements generally have little effect 
on the partial pressure of carbon 
dioxide in the blood, and therefore 
cannot be utilized to maintain acid- 
base balance. 

In fish, as in other ectotherms, acid- 
base regulation during changes in 
body temperature seems to entail the 


heat-exchanger tubes rubber membrane 

Figure 2. A tank equipped with two circuits of 
heat-exchanger tubes makes possible precise 
and rapid changes in water temperature, per¬ 
mitting close study of respiratory responses to 
temperature change in fish. The tubes, made 
of very thin stainless steel, contain a glycol- 
water mixture (colored arrows) that can be 
heated or cooled to the temperature required 
by the experiments, Water to be inspired by the 
fish (gray arrows ) is drawn in among a network 
of these tubes to bring it to the appropriate 
temperature, and then aerated before reaching 
the fish, After being expired, water passes out 


time following a temperature shift, 
fish are in an acid-base imbalance 
proportional to the change in tem¬ 
perature. All the other adjustments 
discussed above as “thermal accli¬ 
mation” will also, to some degree, 
bring about temporary imbalance 
after a rapid temperature change. 

The idea that fish might utilize the 
thermoregulatory system described 
earlier to counteract the short-term 
stresses of rapid thermal change gave 
a new focus to our research. Hammel 
and Crawshaw noticed that heating of 
the anterior brainstem of fish often 
caused observable increases in the 
pumping activity of the mouth and 
the opercular flaps. When the amount 
of water being pumped (ventilatory 
volume) was measured, it indeed 
turned out to be proportional to the 
brainstem temperature (Crawshaw et 
al. 1973). But to provide an immedi¬ 
ate response to rapid thermal change, 




of the tank through a series of siphons that lead 
to a strain gauge (not shown ) which measures 
the weight—-and thus, indirectly, the vol¬ 
ume—of the water expired by the fish. A rub¬ 
ber membrane separates the inspired water 
from that expired, Because the tank has two 
circuits of tubes, the temperature of the in¬ 
spired water can be controlled separately from 
that of the water surrounding the fish. Ther¬ 
mocouples monitor the deep-body temperature 
of the fish at the site of the dorsal muscle and 
the temperature of the inspired and ambient 
water. 


distinguish these effects it is neces¬ 
sary to assess accurately the changing 
heat content of the animal after the 
application of the thermal stimulus. 
It was clear that measurements of 
deep-body temperature utilized in 
most studies on ectotherms have un¬ 
derestimated the rapidity of change 
in the total heat content of the ani¬ 
mal, but it was not clear how such 
changes might be properly esti¬ 
mated. 

A reasonable approach seemed to 
involve measuring temperatures at 
many representative sites on the fish 
and then weighting each site accord¬ 
ing to the amount of tissue repre¬ 
sented. Accordingly, Crawshaw 
(1976) anesthetized a medium-sized 
carp and placed thermocouples on the 
skin and subcutaneously at several 
sites: in the brain, hear the heart, in 
the viscera, and at six different 
depths in the dorsal muscle. After a 


maintenance of a constant state of 
protein ionization rather than a con¬ 
stant hydrogen ion activity. This 
means that blood pH must increase 
M).016 pH units per °C) as body 
temperature falls. For this adjust¬ 
ment, fish must alter bicarbonate 
excretion at the gills, a process prob¬ 
ably involving ion-exchange mecha¬ 
nisms and taking hours or even days 
to complete (Reeves 1977), The bot¬ 
tom line, of course, is that for some 


respiratory activity would also have 
to be sensitive to temperature 
changes at the skin of the animal. 

It is difficult to study the direct ef¬ 
fects of temperature change on an 
ectotherm, since the stimulus (in this 
case cold or warm water) soon begins 
to alter the heat content of the animal 
and thereby produces indirect effects 
which cannot he separated from the 
direct effects of thermal stimulus. To 


small number of trials had produced 
a large and rather unwieldy body of 
data, a colleague suggested simply 
dropping the fish into a calorimeter; 
this transformed a complex problem 
into a straightforward one. The re¬ 
sults were quite informative; a carp of 
about 0.6 kg, upon transfer from 
water at 25°C to water at 15°C, lost 
half its excess heat in about 1.5 min. 
However, at a site within the animal, 
such as the deep dorsal muscle, it took 
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over 5 min to complete half the total 
change. 

The message was clear: water tem¬ 
perature had to be changed very 
quickly and precisely if temperature 
per se was to have any value as a 
stimulus. A device capable of pro¬ 
ducing such change is shown in Figure 
2 (Crawshaw 1976). The water the 
fish was to breathe passed through an 
array of thin-wall stainless steel tubes 
(0.00016 mm wall thickness) with a 
total length of about 6 m. The fish 
was also surrounded by 50 such tubes, 
with a total length of 23 m. By 
pumping very hot (50°C) or very cold 
(-8°C) glycol briefly through the two 
sets of heat exchangers, it was possi¬ 
ble to effect a very rapid, reproducible, 
change in temperature of the inspired 
and ambient water. 

A thin rubber membrane separated 
the mouth of the fish from the oper¬ 
cular flaps. This allowed quantifica¬ 
tion of the ventilatory minute volume, 
the amount of water pumped across 
the gills in one minute. The water 
pumped by the respiratory muscula¬ 
ture of the fish eventually flowed into 
a vessel whose weight was contin¬ 
uously monitored by a strain gauge, 
The separation of inspired water from 
ambient water also allowed the tem¬ 
perature of the inspired water to be 
altered separately from that sur¬ 
rounding the body surface. Changes 
occurring faster in respiration than in 
mean body temperature would indi¬ 
cate an input from cutaneous tem¬ 
perature sensors to the respiratory 
control system of the fish. 

The data did show a strong effect of 



0 1 t"~7 8 L 910 ' rT* 


Time (min) 

Figure 3. The rate of ventilation at the gills 
(color) shows rapid and sensitive change as the 
temperature of the inspired water (black) 
fluctuates. During this period the deep-body 
temperature of the fish: (gray), measured at the 
dorsal muscle, changes only slightly. 


the anterior brainstem areas, The 
absolute nature of the temperature 
sensitivity of the anterior brainstem 
neurons would provide a continual 
bias, increasing the activity of respi¬ 
ratory centers in the heat and de¬ 
creasing it in the cold. Such a system 
would contribute to more accurate 
regulation of arterial oxygen levels in 
fish moving into warm water, since an 
increased arterial oxygen deficit 
would not be necessary for the stim¬ 
ulation of an adequate increase in 
respiratory activity. 

The high sensitivity to thermal 
change of the cutaneous tempera¬ 
ture-sensitive nerves is important in 
the ability to make rapid and appro¬ 
priate cardiac and ventilatory re¬ 
sponses to sudden changes in ambient 
temperature. A rapid increase in 


breathers. A decrease in breathing as 
temperature falls may allow fish to 
match their external respiratory ac¬ 
tivity more closely to their actual 
needs, and thus to conserve energy. 

An evolutionary context 

Our interest in the evolutionary de¬ 
velopment of temperature regulation 
in the vertebrate subphylum led us to 
investigate responses to temperature 
change in the class Agnatha, the 
jawless vertebrates. This class, which 
included the ostracoderms of the Si¬ 
lurian and Devonian periods (ca. 
430-350 million yrs before the 
present), is represented today by 
hagfish and lampreys, two suborders 
of the Cyclostomata. 'We chose, to 
work on the Pacific lamprey, Lam- 
petra tridentata, These animals as¬ 
cend the Columbia River drainage in 
great numbers during the spawning 
run, from late spring to early summer. 
Under today’s conditions, lampreys 
are better equipped than salmonids 
to reach their spawning grounds. 
They can surmount small dams and 
low water levels and even moist rocks 
by lunging forward and holding tight 
with their oral sucking discs. 

Our attempts to document thermo¬ 
regulatory behavior in these ectoth¬ 
erms were met mostly by frustration. 
Each species has certain environ¬ 
mental and behavioral requirements 
which, if not satisfied, leave the ani¬ 
mal in a mild state of agitation. Cat¬ 
fish prefer dark, secluded areas; some 
minnows need to be in a school of 
many individuals; our lampreys ap¬ 
parently needed to be attached to a 
substrate with their sucking disc 


peripheral temperature. Not only did 
gill ventilation change very rapidly, 
but also the response was rate-sensi¬ 
tive, which suggested input from the 
hurst of impulses shown by cutaneous 
temperature-sensitive nerves fol¬ 
lowing a sudden shift in temperature, 
Figure 3 shows an example of the 
ventilatory response to a rapid change 
in temperature of the inspired water. 
Responses of a similar form were 
produced by altering the body surface 
temperature; however, these re¬ 
sponses were smaller and somewhat 
less reproducible. 

Since both cutaneous and anterior 
brainstem temperatures produce 
major effects on the fish respiratory 
system, we suspect that the respira¬ 
tory centers in the lower brainstem 
receive a portion of the output from 


breathing immediately following an 
increase in ambient temperature 
could serve to maintain homeostasis 
of gases in the blood. Quickly lowering 
breathing when the temperature 
rapidly falls could aid the fish in two 
ways. First, since the net loss of elec¬ 
trolyte at the gill epithelium is greatly 
augmented by cooling, a sharp: re¬ 
duction in the blood flowing through 
the gill vessels, and thereby coming 
into near-contact with the cooler 
ambient water, would minimize the 
amount of electrolyte lost, Second, 
gill ventilation is energetically costly. 
Water is one thousand times as dense 
as air and one hundred times as vis¬ 
cous, and it contains much less oxy¬ 
gen, At moderate levels of breathing, 
fish expend a much greater propor¬ 
tion of their total metabolic rate on 
external respiration than do air- 


during the day. During the night they 
swam almost incessantly, apparently 
demonstrating their normal migra¬ 
tory status during the time we studied 
them. These habits precluded a de¬ 
tailed study of the behavioral regu¬ 
lation of body temperature in these 
curious animals, although we did de¬ 
termine that they preferred water of 
about 16°C, the usual temperature of 
the rivers they ascend in the spring. 

Fortunately, the lamprey’s unusual 
attributes proved well-suited to an 
investigation of the respiratory and 
cardiovascular responses to a rapid 
change in temperature. To discover 
this we first had to get these creatures 
into along thin Plexiglas respiration 
tube, This was not a trivial task, since 
lampreys embody a combination of 
the more difficult characteristics of 
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eels and octopi. Once in the tube, 
however, the lampreys quickly at¬ 
tached themselves to the side and 
remained quiet for many hours; this 
allowed us to vary the water temper¬ 
ature and to monitor changes in 
breathing frequency and heart rate by 
means of carbon electrodes on the 
inside of the tube. The results were 
quite similar to those obtained with 
the carp: following an alteration in 
water temperature, the breathing rate 
and heart rate changed much more 
rapidly than did mean body temper¬ 
ature. Thus, cyclostomes, like bony 
fishes, activate autonomic responses 
immediately following temperature 
change (Lemons and Crawshaw 
1978). 

To understand thermoregulatory 
behavior in a broader context, it is 
necessary to assess the importance of 
this activity relative to other neces¬ 
sary activities. Where does thermo¬ 
regulation stand in the hierarchy of 
the various behavioral systems? As 
expected, thermoregulation is ob¬ 
served to rank below the responses 
generated by activation of the sym¬ 
pathetic (“fight or flight”) system. 
This relative ranking is especially 
significant to investigators because 
both autonomic and behavioral as¬ 
pects of temperature regulation are 
largely inhibited in animals that are 
agitated or frightened. 

In an analysis of the time expended 
for various behavioral patterns of 
bony fishes, thermoregulatory be¬ 
havior usually appears as the most 
important of the homeostatic drives; 
and is thus one of the best predictors 
of fish locations. As an example, the 
lingcod (Ophidon elongatus) inhabits 
shallow, inshore areas in the seas of 
southern Alaska, but is a deepwater 
species along the Baja California 
coast. However, the two populations 
inhabit water of about the same 
temperature. Of course, short-term 
requirements such as food-seeking, 
territorial defense, and sexual activity 
often take precedence over tempera : 
ture regulation, Brown bullheads 
(Ictalurus nebulosus ), for instance, 
have been observed to enter briefly 
water over 40°C in order to obtain 
food. This temperature would soon 
prove lethal if the bullheads did not 
rapidly escape. 

The strong tendency of most bony ' 
fishes to seek out and remain at a 
particular temperature can be a dis¬ 
advantage when the aquatic envi- 
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ronment is altered by man. In order to 
condense the steam exhausted from 
power plant turbines, water is often 
pumped from rivers and lakes, The 
heated discharge, when returned to 
its source, is usually 10 to 20° C above 
the existing water temperature, and 
at certain times of the year may ac¬ 
tually be preferred by fish over the 
natural water temperature. Under 
these conditions large numbers of fish 
may be attracted to and remain in the 
area of the power plant’s thermal 
plume. Unfortunately, heating may 
lead to supersaturation of gases in the 
, water, which can subsequently cause 
the formation of gas bubbles in the 
tissues of the fish. Observable symp¬ 
toms include extreme protrusion of 
the eyeball (“popeye”) and gas bub¬ 
bles in the fins. Although fish are ca¬ 
pable of detecting and avoiding sup¬ 
ersaturated water, this ability has a 
much lower priority than tempera¬ 
ture regulation within the hierarchy 
of behavior patterns. 

Cold-blooded 

air-breathers 

Near the end of the Devonian period, 
over 350 million years ago, the first 
four-footed vertebrates appear in the 
fossil record, The emergence of these 
amphibious creatures from the 
aquatic environment necessitated a 
series of alterations in the way body 
temperature was regulated. Avoiding 
dehydration assumed paramount 
importance, and selection of a moist 
environment attained a considerably 
higher behavioral priority for these 
animals than selection of a particular 
temperature (Tracy 1976). 

The ability to breathe air gives am¬ 
phibians certain advantages over 
water-breathers in the ability to tol¬ 
erate rapid changes in temperature. 
The abundance and accessibility of 
oxygen m the air make thermally in¬ 
duced increases in metabolic rate 
easier to manage. In terms of the dif¬ 
ficulty of exchange with the environ¬ 
ment, the relationship between car¬ 
bon dioxide and oxygen is the reverse 
of the one that holds for water- 
breathers: at normal oxygen levels, at 
low and moderate altitudes 3 ? respira¬ 
tory activity sufficient to remove 
carbon dioxide ensures an adequate 
oxygen supply. One consequence of 
this reversal is that air-breathers have 
the ability to avoid acid-base imbal¬ 
ance following a rapid thermal shift. 
An increase or decrease in the rate of 
lung ventilation at any given meta¬ 


bolic rate can alter the retention of 
carbon dioxide in the blood; this car¬ 
bon dioxide affects the acid-base 
balance of the organism by combining 
with water to form carbonic acid 
(H2CO3) which then dissociates into 
hydrogen ions (H+) and bicarbonate 
ions (HCO3-). Air-breathers thus can 
and do utilize alterations in the rela¬ 
tive ventilation of the lungs to realize 
appropriate shifts in blood pH as 
body temperature changes (Reeves 
1977). 

Problems of ion regulation during 
temperature change are also consid¬ 
erably reduced in air-breathers. The 
entire output of the heart is no longer 
placed in intimate contact with water 
at the respiratory surface, and thus 
thermally induced alterations in ac¬ 
tive and passive ion fluxes pose a less 
immediate threat. Even when am¬ 
phibians are in the water, the skin in 
contact with the water has a surface 
area smaller than the fish gill (200 
cm 2 for a 100-g toad, as compared 
with 1,200 cm 2 for a 100-g menhaden) 
and a lower blood flow. It is inter¬ 
esting that amphibians typically 
come closest to regulating body tem¬ 
perature accurately in aquatic envi¬ 
ronments, where desiccation is not a 
problem. 

The development of the amniote egg 
and the consequent freedom from an 
aquatic existence, coupled with the 
development of a low integumentary 
permeability, brought a new impor¬ 
tance to thermoregulatory behavior 
in reptiles. Water loss is much less of 
a problem for this class of vertebrates 
than Tor amphibians: under similar 
conditions of temperature and hu¬ 
midity, a frog will lose about 3 mg of 
water per cm 2 of body surface per 
hour, whereas a desert lizard may lose 
only about 0.03 mg of water per cm 2 
of body surface per hour (Schmidt- 
Nielsen 1969). Of course, reptiles also 
undergo less stress from acid-base 
imbalance and impaired osmotic 
regulation, and therefore they are 
able not only to tolerate but actively 
to initiate very large temperature 
changes in order to arrive at their 
preferred thermal environment. 

This ability was dramatically illus¬ 
trated in studies performed on brown 
bullheads and pond turtles ( Chrys - 
emys scripta)—tm hardy species 
that tolerate a wide range of temper¬ 
ature (Crawshaw 1975; Crawshaw et 
al. 1980). The bullheads were kept at 
^ C for two weeks and then placed in 


a thermal gradient, lhey selected 
progressively warmer water in the 
gradient, but they took about 24 hr on 
the average to reach 29-31°C, their 
final selected temperature. Pond 
turtles were kept at 3°C for a mini¬ 
mum of 3 weeks. When placed in the 
thermal gradient, they went almost 
immediately—i.e., in 15-60 min—to 
their final selected temperature of 
31-33°C. 

Many reptiles in heterothermal en- 
virenments use complex behavioral 
maneuvers to maintain body tem¬ 
perature within fairly narrow limits. 
Such behavior, composed of both in¬ 
nate and learned components, allows 
survival and often a high degree of 
thermal homeostasis in extreme en¬ 
vironments. The homed lizard 
(Phrynosoma coronation) and the 
desert iguana (Dipsosaurus dorsalis) 
of the Southwestern deserts employ 
such maneuvers as burrowing, 
shuttling between sun and shade, and 
altering the shape and orientation of 
the body. The desert iguana also 
climbs large creosote bushes when the 
sand becomes too hot, and it can run 
hipedally, presumably to lift its body 
above the very hot layer of air just 
above the sand (see Templeton 1970). 
In the laboratory, the desert iguana 
can he readily trained to press a disc 
to escape from heat (Kemp 1969). 

Laboratory studies of a large, less 
active reptile, the blue-tongued skink 
of Australia, illustrate that thermo¬ 
regulatory behavior in reptiles, as in 
fish and amphibians, is importantly 
influenced by temperatures of the 
skin and the anterior brainstem 
(Myhre and Hammel 1969). 

All present-day reptiles lack surface 
insulation, have metabolic rates 
considerably lower than those of birds 
and mammals, and, with some nota¬ 
ble exceptions, are quite small. These 
factors make it impractical for rep¬ 
tiles to commit resources of fluid and 
energy to the maintenance of a con¬ 
stant internal temperature. However, 
the thermoregulatory network dis¬ 
cussed earlier does activate auto¬ 
nomic responses in reptiles under 
special circumstances. Certain turtles 
and lizards can pant when their tem¬ 
peratures approach lethal levels. This 
panting response is activated by 
temperatures at the skin, the anterior 
brainstem, and other unidentified 
deep-body sites (Crawford and Bar¬ 
ber 1974; Morgareidge and Hammel 
1975 ). 

i. lift 


Shivering, too, is not unknown among 
reptiles. The female Indian python 
[Python molurus bwittatns), when 
brooding eggs, spasmodically con¬ 
tracts its body musculature and 
thereby increases heat production as 
the ambient temperature falls below 
33° C. A large python weighing about 
50 kg can keep its body at 32° when 
the ambient temperature falls to 
25°C, an ability termed facultative 
endothermy because it occurs only in 
brooding pythons (Hutchinson et al. 
1966). 

Thermoregulation in 
humans 

It thus seems likely that the early 
mammals and birds were equipped 
with an accurate neuronal mechanism 
for controlling behavioral and auto¬ 
nomic responses in the regulation of 
body temperature, The critical 
question is how and in what order 
resting metabolic rates increased and 
insulation developed, thus allowing 
the maintenance of relatively con¬ 
stant body temperatures even under 
conditions for which behavioral ad¬ 
justments were inadequate. Many 
scientists have pondered this aspect 
of the development of vertebrate en¬ 
dothermy (for hypotheses, see Cowles 
1946; Heath 1968; Stevens 1973; 
Hammel 1976; McNab 1978; Bennett 
and Ruben 1979). As yet, however, no 
consensus appears to be emerging. 

The development of a stable body 
temperature allowed mammals to 
evolve elaborate neuronal systems 
that could tolerate variations in 
temperature of only a few degrees. 
This created two major problems: 
adverse climatic conditions sufficient 
to overwhelm the thermoregulatory 
system came to be poorly tolerated, 
and minor thermoregulatory pertur¬ 
bations induced by abnormal condi¬ 
tions could lead to major distur¬ 
bances, We will examine the impli¬ 
cations of some of these ideas in hu¬ 
mans, since this species has been well 
studied. 

Fine adjustments of body tempera¬ 
ture in humans, as in other mammals, 
are accomplished by varying the 
blood flow to the skin, Increased 
blood flow accelerates heat loss by 
increasing the temperature at the 
sldn surface. In the finger, blood flow 
can vary more than a hundredfold 
between very cold and very warm 
environments (Day 1949). Vasomotor 
adjustments, although energetically 


efficient, have insufficient capacity to 
counteract more than mild stress 
from heat or cold. 

Severe thermal stress demands the 
more effective mechanisms of sweat¬ 
ing and shivering, which entail major 
expenditures of fluid and energy. A 
cursory evaluation of the relative ca¬ 
pacity of humans in heat and cold 
leads to the inevitable conclusion that 
we must have evolved in a tropical 
environment. A naked skin well sup¬ 
plied with sweat glands gives humans 
an unusually high tolerance of hot 
conditions. Nevertheless, the heat 
loss system can be overwhelmed, 
especially in unacclimated persons 
encountering extremely warm 
weather or in persons doing very 
heavy exercise. 

One well-known example of thermo¬ 
regulatory perturbation occurs during 
menopause, when circulating levels of 
estrogen in the body decline relatively 
fast. This decline evidently induces 
an instability in the neurons regulat¬ 
ing body temperature, which results 
in “hot flashes” that have been esti¬ 
mated to occur in 75% of all women at 
one time or another. It appears that 
what is felt as a hot flash is actually a 
rapid lowering of the body’s set tem¬ 
perature. Symptoms include in¬ 
creased sweating, dilation of periph¬ 
eral blood vessels, and a strong sen¬ 
sation of warmth-even though body 
temperature is falling. After the 
“flash” the set temperature returns to 
normal; the woman feels cold and 
may shiver (Tataryn et al. 1980). 

Naked humans are very poorly 
equipped to deal with cold environ¬ 
ments, and may begin to shiver when 
the ambient temperature falls below 
27°C, Many cultures, However, have 
developed extensive technological 
means to overcome low temperatures, 
enabling humans to populate portions 
of the earth’s surface that would 
otherwise be uninhabitable, The 
Eskimo culture is a well-known ex¬ 
ample. Stefansson (1921) gives this 
account of the population in an area 
where temperatures could fall to 
"45°C: 

The typical Eskimo known to me lives 
under tropical or subtropical conditions 
.... The winter of 1906-19071 recorded 
the estimate that the average temperature 
within doors of the Eskimo house in which 
I lived, at the mouth of the Mackenzie 
River, was a good deal above 80°F 
[27° C]... .When an Eskimo is well- 
dressed, his two layers of fur clothing 
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imprison the body heat so effectively that 
the air in actual contact with his skin is 
always at the temperature of a tropical 
summer. 

Stefansson suggested that the early 
age at which Eskimo girls reached 
sexual maturity might be due to their 
tropical living conditions (see Wulsin 
1949 for a discussion of the adapta¬ 
tions to climate among non-European 
peoples). Under conditions of inade¬ 
quate insulation, extreme cold, or 
submersion, the human body is often 
unable to balance its loss of heat by 
shivering, A decrease of 2°C below the 
usual body temperature of 37°C leads 
to measurable deficits in perfor¬ 
mance; soon thereafter the ability to 
make clear judgments is lost, along 
with the ability to perceive that the 
body is indeed very cold. Another 
drop of 2°C may result in the loss of 
consciousness. By contrast, many 
ectotherms inhabiting the temperate 
zone can survive a span of about 35°C 
and can operate quite efficiently over 
a range of 10-15°C. 

We have provided evidence that al¬ 
though the basic organization of the 
vertebrate thermostat evolved long 
ago, the way it has served the verte¬ 
brate classes is most importantly de¬ 
pendent on two factors: whether the 
respiratory medium is air or water, 
and whether the body temperature 
varies passively with thermal condi¬ 
tions or is maintained at a constant 
level by the expenditure of stored 
fluid and energy. We hope that an 
appreciation of the evolutionary de¬ 
velopment of thermoregulation 
within our subphylum will aid in un¬ 
derstanding the uses and limitations 
of altering the temperature, both in 
medical applications and in our en¬ 
vironment. 
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The Evolutionary 
Synthesis 

Perspectives on the Unification of 

Biology. Ernst Mayr and William B. 

Provine, eds. 487 pp. Harvard Univer¬ 
sity Press, 1980. $25. 

If there is any truth to the maxim that 
those who are ignorant of history are 
doomed to repeat it, we may expect evo¬ 
lutionary biology to repeat 30-year-old 
arguments once again. Evolutionary bi¬ 
ologists are by and large rather ignorant 
of the history of their discipline, and so it 
is no surprise that anti-genetical, macro- 
mutational, and even Lamarckian argu¬ 
ments are again being raised in some cir¬ 
cles. Because most evolutionists trained 
in the last 10 or 15 years do not know how 
these old issues were resolved, they cannot 
help but profit from learning the long 
history of the arguments. 

There are still major gaps between 
empirical workers and theoreticians, and 
between such fields as population biology, 
systematics, and paleontology. I can think 
of no better hope for narrowing them than 
to understand how a rapprochement 
among these fields was accomplished in 
the “New Synthesis” during the years 
from about 1937 to 1950. Mayr ard Pro¬ 
vine offer here, in the proceedings of two 
conferences, reflections and analyses by 
some of the major architects of the syn¬ 
thesis, several of the next generation of 
evolutionists, and several historians and 
philosophers of science, The essays are 
sometimes uneven, sometimes self-serv¬ 
ing, and sometimes self-effacing—-and 
almost all are absolutely fascinating, 

What were the obstacles to the syn¬ 
thesis, and how were they overcome? 
Again and again, this volume makes it 
clear that the major obstacles were spe¬ 
cialization and lack of communication, 
Systematists were either, as Stebbins 
gays, museum workers who had little in¬ 
terest in adaptation or phylogeny, or else, 
as Mayr says, so impressed by gradual 
variation and so convinced of natural se¬ 
lection that they were put off by the 
Mcndelians’ discrete mutations and an¬ 
tiselectionist dicta. Morphologists were so 
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entrenched in descriptive science and 
“puzzle-solving,” as Ghiselin puts it,that 
they could not contribute to theory, De¬ 
velopmental biologists, rebelling against 
Haeckel, became hard line experimen¬ 
talists with little Interest in evolution; 
Schmalhausen’s book was too long de¬ 
layed by war to have the impact it should 
have had. Paleontologists, understanding 
little of genetics, held to orthogenetic or 
Lamarckian ideas until they were en¬ 
lightened by Simpson’s revolutionary 
argument for the consistency of genetics 
and paleontology. And genetics was 
hardly understood at all by the natural¬ 
ists. Morgan’s Drosophila mutations 
seemed utterly different from the quan¬ 
titative variation seen by systematists, 
and Morgan was a vocal antiselectionist. 
The theoretical geneticists—Chetverikov, 
Fisher, Haldane, and : especially 
Wright—had a complete resolution pre¬ 
pared by the early 1930s, but their in¬ 
sights were incomprehensible to most 
biologists. As Lewontin points out, and as 
this whole volume illustrates: “The body 
of knowledge being built in a field must 
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:■ > :] not be confused with the sociology of that 
1 j knowledge in a scientific community.” 
The effective pioneers of the synthesis 
were people like Rensch, Mayr, and 
Simpson, who went outside their special 
areas to learn about other fields, and 
especially Dobzhansky and Huxley, who 
moved from systematics and natural his¬ 
tory into genetics and experimental biol¬ 
ogy, and so could see relationships and 
speak several biological languages. As 
Mayr shows in a deeply perceptive essay, 
the synthesis was not a Kuhnian scientific 
revolution, but an exchange of concepts 
from different fields, which required no 
new facts, but only an integration of con¬ 
ceptual frameworks. 

The synthesis is not yet complete. It 
never happened in France, which clung to 
Lamarckism, It was destroyed in full 
bloom in Lysenkoist Soviet Russia. 
Awareness of mathematical theory is still 
abysmally low, as this volume itself shows: 
Sewall Wright, whose sweeping vision of 
evolution may antedate anyone else’s, is 
not among the authors. Many naturalists, 
morphologists, and paleontologists even 
today understand few of the intricacies of 
evolutionary theory, 

The synthesis recorded here is hardly 
30 years old. Will it survive? Without 
doubt it needs some modifications, as the 
roles of genetic drift and of developmental 
constraints are added to that of selection, 
and as the possibility of a hierarchical 
theory of macroevolution emerges, The 
protests of today are largely against the 
perceived absolutism of yesterday— 
against the unrelenting emphasis on se¬ 
lection and gradualism of Fisher, Ford, 
and Mayr, for example. But to read this 
volume is to appreciate that their appar¬ 
ent dogmatism was a necessary reaction 
against the prevalence of Lamarckism, 
orthogenesis, and saltationism, against 
the sweeping rejection that natural se¬ 
lection had suffered, and against the ab¬ 
solute gap between the theory of genetics 
and the data of paleontology. We can now 
afford a greater pluralism, but the syn¬ 
thesis of the 1940s does not need to be 
abandoned in the 1980s; it needs to be 
continued, There is at present no better 


1981 September-October 551 




guide to the path we are on than Mayr and 
Provine’s fascinating book .—Douglas J. 
Futuyma, Ecology and Evolution, 
State University of New York-Stony 
Brook 


A Bestiary for Saint 
Jerome 

Animal Symbolism in European Religious 

Art, Herbert Friedmann. 378 pp. 

Smithsonian Institution Press, 1980. 

$35. 

There is a good deal of well-docu¬ 
mented information about St, Jerome. He 
undoubtedly suffered for a long time from 
an intense conflict between his love of 
classical literature and his duties and 
beliefs as a Christian, Journeying to An¬ 
tioch in A.D, 374, he became ill and in a 
delirium believed he had been called to 
the Last Judgment. When asked who he 
was, he claimed to be a Christian but was 
told that he was lying, in fact that “Ci* 
ceronianus es non Christianus.” This 
taunt disturbed him so much that he re¬ 
treated to the desert of Chalcis, where for 
four years he had scorpions and wild 
beasts as his companions. Later he rec¬ 
onciled the conflict by learning Hebrew, 
which, as a non-Indo-European language, 
worried him greatly, and he produced the 
Vulgate, the standard translation of the 
Bible into Latin. In this way he infused 
some of the copious flowing eloquence of 
Cicero into the learned language of Eu¬ 
rope for almost a millennium and a half. 

Though St. Jerome had been venerated 
sporadically in the early Middle Ages, his 
underground cult developed in the 14th 
and 15th centuries. It was much encour¬ 
aged by Giovanni Andrea, professor of 
Canon Law at Bologna, who wrote in 
1342-48 and whose great aim appears to 
have been the revival and intensification 
of the veneration of the saint. 

In the volume now reviewed, by Her¬ 
bert Friedmann, no less distinguished as 
an art historian than as an ornithologist, 
the very curious and scientifically inter¬ 
esting iconological results of this enthu¬ 
siasm are analyzed in detail, In general, 
St. Jerome is depicted in two guises. In 
. one he is a penitent kneeling before a 
crucifix in the desert and holding a stone 
in his hand to beat on his breast, Oddly 
enough, this attribute is extraordinarily 
reminiscent of the mythical behavior of a 
crane on sentinel duty, holding a stone in 
one foot, In a letter to his friend of later 
years, St. Eustochium, he tells her how his 
companions had been scorpions and wild 
beasts. Moreover, by a curious mistake 
the story of a saint removing a thorn from 
a lion’s paw was apparently transferred 
from St. Gerasimus to St, Jerome, so that 
a lion is his most frequent animal atten¬ 
dant, 

The second important theme is St. Je¬ 


rome working in his study. Even though 
this setting provides a less satisfactory 
environment for a large fauna than does 
the desert, a considerable number of 
rather unexpected avian and mammalian 
visitors are found to be companions of the 
saint as litterateur, 

In all, 22 nondomestic mammals, 33 
birds, and 10 other kinds of animals, in¬ 
cluding, of course, the scorpions, are 
enumerated by Friedmann. Though 
numbers of the same order may be found 
if all the paintings of the creation and 
naming of animals or of Noah filling the 
ark are considered, in these two subjects 
diversity is essential to the story, while in 
the case of St. Jerome no such expansion 
of scorpions and wild beasts is mandatory. 
Yet no other saint has anything like the 
diversified animal companionship given 
to St. Jerome. It is reasonably clear from 
■ Friedmann’s text that the wilderness with 
its scorpions and lion appeared at just the 
right moment. Painters throughout the 
14th and 15th centuries had become 
skillful in depicting a great variety of 
objects. An interest in the decorative as¬ 
pects of nature had developed and be¬ 
come widely diffused, particularly in the 
Low Countries, France, and England, and 
artistic communication between the two 
great centers of painting, Italy and Flan¬ 
ders, had become significant. Friedmann 
further stresses the enormous importance 
of the use of the symbolic significance of 
all sorts of objects, animate or inanimate, 
as sources of Exempja pressing home 
moral or doctrinal lessons, As a paradigm 
he mentions the Merode mousetrap, a 
small and initially puzzling wooden 
object, sometimes made by St, Joseph, 
occurring in a few late medieval or earlier 
Renaissance paintings, such as the M&r- 
ode altarpiece in New York, or a painting 
by Lorenzo Lotto in Washington, This is 
now believed to be derived from a passage 
in a sermon of St. Augustine: “By the very 
death of Christ the devil is vanquished, as 
if he had swallowed the bait in the 
mousetrap.” The Cross of the Lord was 
the devil’s mousetrap. 

After discussing in detail the full ico¬ 
nography of some of the most important 
of the paintings, mostly Italian or from 
the Low Countries, of Saint Jerome, 
Friedmann proceeds to enumerate all the 
animals present in any of more than a 
thousand paintings and other represen¬ 
tations of the saint, In the chapters which 
he calls the Bestiary, he examines the 
possible symbolic meanings that can be 
extracted from almost all of them. 
Sometimes, as in the extraordinary case 
of a wallcreeper in a painting by Tura in 
London, the occurrence of the birds is 
quite unexpected but can be related both 
to death and to St. Mary the Virgin. As in 
the Freudian analysis of dreams, such 
antitheses seem ineluctable. One may be 
tempted to dismiss the interpretation, but 
the bird is not very far below a crucifix, 


and there was a strong passion in Ferrara, 
where Tura worked, to delight in hidden 
symbols and riddles. If the wallcreeper 
brings us to study this magnificent 
painting, perhaps it fulfills its function. 

Friedmann represents the extreme 
outlook of the symbologist, in spite of 
quoting a warning from Berenson. The 
present reviewer, nurtured on smaller and 
more private works such as illuminated 
manuscripts, finds complete acceptance 
of Friedmann’s position, in spite of the 
Merode mousetrap, difficult and would 
like more documentary evidence of ec¬ 
clesiastical control. Friedmann has, 
however, written a wonderful book, which 
opens up vast possibilities for further 
understanding. To one reader, it ex¬ 
plained, without mentioning the object, 
why St Jerome, as a penitential saint, 
should accompany St, Peter and St. Mary 
Magdalen on the base of one of the prob¬ 
lematic Goanese ivories known as Shep¬ 
herd Rockeries. There are doubtless 
dozens of similar pieces of enlightenment 
for other readers of the book.— G. Evelyn 
Hutchinson, Biology , Yale University 


Sir William Rowan 
Hamilton 

Thomas L. Hankins. 474 pp. Johns Hop¬ 
kins University Press, 198Q, $32.50. 

At a time, then as now, of violent reli¬ 
gious and political discord between Ire¬ 
land and England, 19th-century Irish 
science, dominated by the Protestant as¬ 
cendency, was a model of gentlemanly 
cooperation and progress between the two 
scientific communities on either side of 
the Irish Channel. British science in this 
period, although centered in London, 
cannot properly be delineated without 
reference to substantial work done in the 
provinces, in Scotland, and In Ireland, yet 
the last has been little studied. Of the 
Irish scientists of the century, William 
Rowan Hamilton (1805-65) was in Ills 
own day and since recognized as preemi¬ 
nent, a genius whose work has grown in 
importance with the passage of time and 
the advent of new scientific discoveries, 
Hankins’s biography of Hamilton, the 
first full-length account since It. P. 
Graves’s three-volume life published in 
the 1880s, uses to great advantage its au¬ 
thor’s mastery of a vast number of papers, 
letters, and manuscripts, his familiarity 
with the scientific problems and philo¬ 
sophical influences of the age, and his sure 
historiographical skills. Admirably orga¬ 
nized and presented, written with clarity 
and felicity, the work is a welcome addi¬ 
tion to the history of science. 

Hamilton was a child prodigy who 
throughout his life sustained his early 
intellectual promise. The only son of a 
singular Dublin solicitor, the lad received 
a classical education from his curate uncle 
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at Trim, was proficient in 12 different 
languages by the age of 10, was first at¬ 
tracted to mathematics at 13, detected an 
error in Laplace’s Mecanique cileste at 
17, and became astronomer royal of Ire¬ 
land and professor of astronomy at Trin¬ 
ity College, Dublin, at 21, before he had 
yet taken his degree at that institution. 
He was also strongly drawn to poetry and 
to philosophy, lifelong interests of this 
extraordinary mind. Robust and ener¬ 
getic, with a keen sense of humor and 
much pleasure in society, he readily made 
and kept friends. 

Even before entering Trinity College, 
Hamilton won considerable notice, and 
his academic successes, together with his 
researches in optics and mathematics 
while there, added to his reputation. He 
passed the remainder of his life at Duns- 
ink Observatory, Dublin, devoting himself 
chiefly to theoretical studies in optics, 
dynamics, and mathematics. It was there 
that he developed his algebra of quater¬ 
nions, an important system whose use¬ 
fulness was not widely recognized until 
formulation of quantum mechanics in the 
next century. During his own time Ham¬ 
ilton was hailed for his mathematical 
discoveries in optics and in mechanics. In 
1835 he was knighted; from 1837 through 
1846 he served as President of the Royal 
Irish Academy. In 1865 he was elected the 
first Foreign Associate of the new Amer¬ 
ican National Academy of Sciences. 
Faithful in his attendance at meetings of 
the British Association for the Advance¬ 
ment of Science, he knew personally or 
through correspondence many of the 
leading British and foreign scientists of 
the day. Only P. G. Tait, however, can be 
described as a disciple. Wordsworth, the 
poet, was a close friend. 

Hamilton moved easily in scientific and 
literary circles, but his private life was far 
from serene. Hankins brilliantly inter¬ 
weaves the complicated scientific and 
personal histories of his subject. Deeply 
romantic and chivalrous, twice bitterly 
disappointed in love before his marriage 
ip 1833 to a timid and neurotic woman, 
the father of two sons and a daughter, 
Hamilton carried a heavy burden of 
family responsibility. Obsessed with his 
first love (even after the lady’s death), 
often financially troubled, without crea¬ 
ture comforts or sympathetic compan¬ 
ionship at home, he found solace in work, 
in poetry, in philosophy, sometimes in 
alcohol. 

Full footnotes, a mathematical appen¬ 
dix, a bibliographical essay, and a good 
index add to the usefulness of the volume. 
The large number of photographs and 
figures inserted in the text heightens the 
reader’s pleasure. Misstatements are 
eommendably few in a book so filled with 
factual details. Hankins’s analyses and 
conclusions are always interesting and 
often persuasive. His chapters on theories 
of light and on optics at the British As¬ 


sociation are masterly and his concluding 
easay on Hamilton and 19th-century 
science is a fitting finale for this distin¬ 
guished biography.—Elizabeth C. Pat¬ 
terson, Natural Science, Albertus Mag¬ 
nus College 
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Megagauss Physics and Technology. 

Peter J. Turchi, ed. 683 pages. Plenum, 

19804 69.50, 

In 1924 the Russian physicist Peter 
Kapitza, working in a new laboratory he 
had built at Cambridge University, gen¬ 
erated a 500-kilogauss (50-tesla) magnetic 
field by connecting a strong pulse coil to 
an ac generator for one half-cycle, It was 
a classic experiment, two decades ahead 
of mainstream research. Kapitza pro¬ 
posed generating 3 million gauss, and he 
might have succeeded; his work was ter¬ 
minated, however, when he was prevented 
from returning from a visit to Russia, 
Only in 1956 was the unit “megagauss" 
introduced, first in a paper by Forier and 
Kolm at MIT and later by Furth, Waniek, 
and Levine at Harvard. They reached the 
limit of capacitor-fed coil technology; 0.75 
megagauss survivable and 1,5 megagauss 
single-shot. 

The next step, explosive flux com¬ 
pression, was proposed by another Rus¬ 
sian, Terletskii, in 1957, but was first ac¬ 
complished by Fowler, Gam, and Caird at 
Los Alamos in 1960. Cowan at Sandia also 
founded a group that worked in this field, 
and a third effort was begun in Frascati, ■ 
Italy, where the first international con¬ 
ference on megagauss physics was held in 
1965. The present volume represents the 
proceedings of the second megagauss 
conference, held in Washington, DC, in 
1979, and it thus summarizes 24 years of 
progress in megagauss research, which 
might be renamed decatesla research, 
using contemporary units. 

Megagauss fields are generated by 
using capacitor-driven pulse coils to es¬ 
tablish the highest readily attainable 
initial field inside a metal liner and then 
compressing the metal liner by means of 
a surrounding. explosive charge rapidly 
enough to prevent a significant fraction of 
the flux : from penetrating through the 
collapsing liner. Liners may take the form 
of virtually perfect cylinders (asymme¬ 
tries generate instabilities) or so-called 
“strip-lines”, which are pairs of parallel 
metal strips of sheets compressed very 
much as one compresses a toothpaste 
tube, driving the flux toward a short-cir¬ 
cuited edge. Flux compression work is also 
being done at the Institute of Hydrody¬ 
namics in Novosibirsk, the Lawrence 
Livermore Laboratory, Tohoku Univer¬ 
sity, Kirtland Air Force Base, and the 


Naval Research Laboratory, which hosted 
the meeting. Turchi, chairman of the or¬ 
ganizing committee, has contributed a 
novel technique, which involves the con¬ 
tinuous compression of a centrifugal^ 
stabilized liquid metal liner by means'of 
a piston pump. Fields of up to 10 mega- 
gauss are routinely produced, 20 mega¬ 
gauss are readily achievable, and a report 
by the High Field Committee of the Na¬ 
tional Science Board, abstracted in this 
book, recommends pursuing fields up to 
100 megagauss. In typical experiments, 
the liner is compressed until the mounting 
magnetic pressure inside and the declin¬ 
ing explosive pressure outside cause it to 
rebound at a minimum "turnaround” 
radius, Megagauss fields are measured by 
integrating the output of sensing coils, by 
Faraday rotation of polarized light, and by 
the splitting of spectral lines (Zeeman 
Effect), 

Phenomena studied at megagauss fields 
include magnetohydrodynamic plasma 
effects and the behavior of solids at both 
extreme fields and the pressure generated 
by such fields in conductors. Cyclotron 
resonance, for example, is brought into 
the visible range accessible to laser 
sources, and cyclotron orbits reduce to 
molecular dimensions, The nonparaboli- 
city of energy bands gives rise to multiple 
resonances that can be measured in single 
shots. In the range of 1 to 10 megagauss, 
magnetic energy becomes comparable to 
the energy of fundamental interactions in 
solids. Extreme quantum limits are ex¬ 
ceeded when the lowest Landau level is 
high above the Fermi energy, Megagauss 
physics is the domain of nonlinear be¬ 
havior, where theories of the solid state 
can be put to a critical test. Even the in¬ 
teraction of a magnetic field with a vacu¬ 
um becomes nonlinear.—Henry Kolm, 
Physics, MIT 

Nuclear Chemistry: Theory and Ap¬ 
plications. Gregory R. Choppin and Jan 
Rydberg. 667 pp. Pergamon Press, 
1980. $87 cloth, $29.50 paper. 

Guided by their broad definition of 
nuclear chemistry, the authors have given 
us, in effect, several books in one. Less 
than half the book is devoted to the kind 
of basic, theoretical treatment of nuclear 
chemistry .that .one would expect a text¬ 
book to consist of, Nevertheless, because 
the ,book is large, the coverage is fairly 
complete, and this comprehensiveness, 
together with its lucidity and soundness, 
makes it suitable for use as a text. .Dis¬ 
cussion of underlying physical principles 
is limited, however, and there are other 
omissions—the currently popular field ot 

heavy-ion nuclear; reactions, for ex¬ 
ample, , 

The chapter on synthetic elements 
covers the actinide elements succinctly 
and well, reflecting the authors’ expertise, 
although I am not familiar with the recent 
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investigations showing that lawrenrium 
has a divalent state. The paragraphs on 
the transactinide elements and sup¬ 
erheavy elements do not reflect a careful 
study of the background of this field. 
There are excellent chapters on modern 
methods for detecting nuclear radiation 
and on the applications of radioactive 
tracers as investigative aids for the solu¬ 
tion of problems in analytical, inorganic, 
organic, biochemical, and industrial 
fields, 

Approximately one-quarter of the book 
is devoted to nuclear power, with em¬ 
phasis on the aspects involving the use of 
chemistry. This section includes an ex¬ 
cellent treatment of the radioactive waste 
disposal problem, which reflects the ex¬ 
pertise of one of the authors, who is a 
leading world authority in this field, 

The bibliography of references and 
background reading is unusually com¬ 
plete, and there are only a few omissions, 
Sets of exercises (problems) at the end of 
each chapter enhance the book’s value as 
a text, The assets of this book far out¬ 
weigh the debits, and I recommend it very 
highly—Glenn T, Seahorg, Chemistry, 
Lawrence Berkeley Laboratory, Uni¬ 
versity of California 


Laser-Induced Chemical Processes. 

J,I, Steinfeld, ed, 276 pp, Plenum, 1981. 

$32.50. 

Part of the initial promise of lasers, 
circa 1976-77, was as the ultimate pho¬ 
tochemical tool, which would enable the 
chemist to initiate mode- and molecule- 
selective, as well as site-, functional- 
group-, and bond-specific chemical reac¬ 
tions simply by turning the wavelength 
dial of a suitable laser, Steinfeld points 
out in the Preface that a much more con¬ 
servative view is now held by researchers 
in the field: lasers do play a role in ini¬ 
tiating chemical reactions, but not with 
anything like the selectivity thought 
possible at first. The editor has gathered, 
in four chapters, a theoretical description 
and modeling of vibrational excitations, 
mostly in SFs, a good survey of infrared 
multiphoton reaction work with organic 
compounds, an industrial application of 
lasers in producing sinterable refractory 
ceramic materials, and a survey of the 
literature (1965-79) of laser-induced 
chemical reactions. The book deals mostly 
with high-energy chemical reactions ini¬ 
tiated by infrared multiphoton excitation, 
primarily with tunable pulsed C0 2 la¬ 
sers, 

Chapter 2, "Multiphoton Infrared Ex¬ 
citation and Reaction of Organic Com¬ 
pounds,” by Danen and Jang, is a partic¬ 
ularly well written survey of the subject. 
Unimolecular reactions, which include 
isomerizations, elimination reactions, and 
rearrangements, among others, comprise 
the bulk of laser organic photochemistry 


and are likely to continue to do so. Mul¬ 
tiphoton excitation imparts vibrational 
energy, important for supplying the ac¬ 
tivation energy necessary to initiate uni¬ 
molecular reactions but not the transla¬ 
tional energy necessary for bimolecular 
processes. Danen and Jang also describe 
the unique use of "chemical thermome¬ 
ters” as a tool in elucidating nonequilib¬ 
rium laser processes. 

In conjunction with other recent re¬ 
views of laser photochemistry, some of 
which are much more comprehensive, this 
book will be of value, particularly Chapter 
2 and the survey of the literature, albeit 
dated, in Chapter l—Curtis E. Bemis, 
Jr., Oak Ridge National Laboratory 


Radiation Protection Optimization: 

Present Experience and Methods. A 

Oudiz, G. Uzzam, H, Ebert, H. Eriskat, 

eds. Proc, Symp. European Scientific 

Seminar, Luxembourg, 1979.322 pp. 

Pergamon Press, 1981. $50. 

Although much of the information in 
these seminar proceedings is available 
elsewhere, some of the first-person ac¬ 
counts are unique, Several of the partici¬ 
pants played important roles in formu¬ 
lating national standards or ICRP recom¬ 
mendations on radiation protection, and 
. some of them discuss the history and 
thinking that went into their decisions. 
One highlight is a clear statement that the 
lowering (in 10 CFR 190) of the allowable 
dose to members of the US public to 25 
mrem/yr simply represented a reduction 
to the lowest value that would avoid 
causing practical problems—there are 
those who claim that it was a response to 
new information on the dangers of radia¬ 
tion. 

Other comparable discussions illumi¬ 
nate the origin of 10 CFR 50-Appendix 1 
(allowable effluents from nuclear plants, 
$l,000/mrem cost-benefit index) and of 
the somewhat different regulations on 
these matters in Sweden. There is exten¬ 
sive consideration of the dollar value of 
saving a human life, an unavoidable issue 
in cost-benefit decision-making. Several 
methods for optimizing choice of radia¬ 
tion protection equipment in nuclear 
plants are proposed, including some 
rather elaborate computer-based proce¬ 
dures, 

The final session is on the impact of 
coal burning on health, by L, D. Hamilton 
(Brookhaven), with another paper pre¬ 
senting results from the International 
Institute on Applied Systems Analysis 
risk assessment project, including risk 
comparisons of coal, solar, and nuclear 
energy and surveys of public opinion on 
that question, The papers are followed by 
discussions that are rather extensive in 
some cases, The book will be useful for 
those deeply interested in these subjects, 
and each paper has lots of references that 


can be even more useful .—Bernard L. 
Cohen, Physics, University of Pitts¬ 
burgh 


The Facts on File Dictionary of 

Chemistry. John Daintith, ed. 233 pp. 

Facts on File, 1981. $14.95, 

Reviewing a dictionary of chemistry is 
not an easy task. One’s first inclination is 
to pick some important items arbitrarily 
to see if they are included and then ask 
one’s colleagues in the field to pose similar 
questions. Following these procedures, 
one finds this dictionary to be quite 
complete as a ready reference for the more 
commonly occurring questions. The def¬ 
initions are clear, concise, and well writ¬ 
ten, and diagrams illustrate particular 
points such as constant boiling mixtures. 
The amount of space devoted to a single 
listing varies considerably, more detailed 
discussions being devoted to more so¬ 
phisticated items. 

There are some minor points to criti¬ 
cize. Although the discussion of optical 
activity is quite complete, the diagrams of 
isomers of tartaric acid are incorrect: ei¬ 
ther ball and stick models or Newman 
representations should have been used. 
Common trade names such as Pyrex and 
Teflon are omitted, probably on pur¬ 
pose. 

This dictionary can be recommended 
as a quick and easy source of chemical 
information for high school and college 
students, technicians, nontechnically 
trained managers, and also most engi¬ 
neers, mathematicians, and physicists, 
whose formal course work in chemistry is 
often not extensive.—Stephen E. Wi- 
berley, Chemistry, Rensselaer Poly¬ 
technic Institute 


Fusion Plasma Analysis. Weston M. 
Stacey, Jr, 376 pp. Wiley-Interscience, 
1981. $32.95. 

A textbook suitable for students of 
modem magnetic fusion plasmas has been 
sorely needed, and this one should fill the 
need. The book focuses on currently 
fashionable tokamaks and provides the 
necessary theoretical background for both 
plasma physics and so-called kitchen 
physics, which consists of surface physics, 
atomic physics, and so on. Some techno¬ 
logical aspects, such as coil design, are also 
briefly mentioned. The coverage is so ex¬ 
tensive, in fact, that a careful reader 
should be able to design a tokamak fusion 
reactor. References at the end will be very 
useful to those who want to consult fur¬ 
ther on the subjects mentioned. Except 
for occasional pockets where the going 
gets rough, the writing is clear and con¬ 
cise, and students should have little dif¬ 
ficulty in understanding it, V 
It is difficult to write a compact book on 


fusion science-a field that not only cov¬ 
ers many disciplines but is also compar¬ 
atively new and growing. Personally, 
perhaps on different philosophical 
ground, 1 would have liked to see Stacey 
include some account of the present sta¬ 
tus of experiments and of the experi¬ 
mental methods that were developed to 
reach the conclusions enumerated here. 
This would probably have clarified more 
of the whys of the choices for the tokamak 
reactor mentioned in Chapter 13. The 
reader may have some difficulty visual¬ 
izing the size of the present-day tokamak 
experiments and how they operate. There 
may be too much emphasis on neutral- 
beam heating for tokamak reactors. Fi¬ 
nally, the formulas for anomalous trans¬ 
port due to instabilities are only guides, 
and the way they are presented may cause 
some confusion. Nevertheless, the book 
provides a very useful reference for those 
who are, or will be, engaged in fusion re- 
search.-S/iotc/u Yoshikawa, Plasma 
Physics Laboratory, Princeton Univer¬ 
sity 

Phenomenal Physics. Clifford E. 

Swartz, 741pp. Wiley, 1981. $24.95. 

The author states in his Preface that 
“the success of physics in explaining ev¬ 
eryday phenomena is truly phenomenal’’ 
and proceeds to demonstrate it in this 
delightful "general physics” textbook, 
| The book uses geometric and rather in¬ 
tuitive descriptions rather than calculus, 
although vector multiplication is derived 
and applied. The deempha'sis of mathe¬ 
matics and the breezy style lead to rather 
more wordiness than is customary in a 
text. It would be a pity if the style were to 
turn off some readers, because if they 
answer the many questions and problems 
in the book, they will he rewarded by a 
really good overall understanding of 
physics at the first-year level, The ques¬ 
tions are located through the text at 
places where a thoughtful student might 
indeed wonder about the points raised, 
They are then answered by the author at 
the end of each chapter. The author uses 
“modern” and "practical” physics ex¬ 
amples throughout the text: he speaks of 
the special theory of relativity and of 
thermocouples, and he writes well of both 
within the space limitations, In each 
chapter, he suggests well thought out ex¬ 
periments that students can do at home 
to handle the phenomena they are 
; studying, The drawings are generally very 
helpful, 

This informal, conceptually aophisti- 
' cated text is interesting and reads well, 
Students with a rigorous mathematics 
* background are likely to be put off by the 
qualitative discussions, but bright stu¬ 
dents without this kind of rigid training 
would, I think, like the book very much. 
In fact it would make a far better self- 
study book for a good college (or a very 


nose of us who teach general physics 
courses would find it very useful to con¬ 
sult the book for the questions in the text, 
tor the choice of seldom-used topics, and 
lor the ways in which students are 
brought to think about physics.—Fay 
Ajzenberg-Selove, Physics, University of 
Pennsylvania 


of Fields and Particles. A. O, Barut. 
235 pp. Dover, 1980. $4.50 paper, 
Barut’s book first appeared in 1964, 
and the present Dover edition is un¬ 
changed except for the correction of a 
number of misprints and mistakes. The 
book, formal in style, is intended as an 
introduction to classical relativistic 
quantum field theories, with emphasis on 
electrodynamics and mathematical, 


vided into two roughly equal parts: 
"Relativistic Description of Fields and 
Particles” and "Interaction of Fields and 
Particles,” 

The three chapters of Part 1 cover Lo- 
rentz transformations (2 X 2 unimodular 
group, spinor and other representations, 
Infinitesimal generators), relativistic 
particle dynamics (Minkowski force, 
Lagrangian formulation, canonical 
equations of motion, classical spin mo¬ 
tion), and relativistic field theory (Max¬ 
well’s equations in 4-vector and spinor 
form, Lagrangians for fields, conservation 


their solutions (fields with external 
sources, particles in external fields, fields 
in interaction, with brief mention of 
Yang-Mills fields, Green functions for 
zero-mass and massive fields, Cauchy 
problem, in-and-out fields), radiation and 
radiation reation (Lienard-Wiechert po¬ 
tentials'and, fields, source-free radiation 
fields, momentum, energy, and angular 
momentum, Dirac’s 1938 treatment of 
radiation reaction, mass renormalization, 


and briefly at the end, action-at-a-dis- 
tance, electrodynamics. 

Useful exercises and further develop- 
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chapters, as do bibliographies of relevant 
books and articles. Reproduction of Bar¬ 
ut’s book at a reasonable price is quite 
welcome. While it is true that much of the 
material appears in standard texts, the 
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most unique, Soper’s _ Classical Field 
Theory (Wiley-Interscience, 1975), al¬ 
though different in general purpose and 
detail, is the closest recent analog that 


tunica , ,. 

for the experimental basis, the history, 
and the applications, but in Barutone 
gets a concise, mat 
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Arthur}. Vander, M.D. 

HUfRfriON 

STUBS 

AS MIC 
CHEMICALS 

An Approach to Environment- 
Health Controversies 

Your health ...the subject of 
controversy among scientists. 

Vander's purpose is not to solve 
these conflicts, but to explain why 
they exist and to give you a scientific 
basis on which to make your own 
judgments. "It is your life and 
health which is at stake." Vander 
says. 'You should at least know... 
the right questions to ask and be 
able to tell when you are being 
sold a bill of goods." 

$9.95 paper 

The University of Michigan Press 

Dept. |D SO. Box 1104 Ann Arbor MI 48106 
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and particle theory.—J, D. Jackson, 
Physics, University of California, 
Berkeley 

Quarks and Leptons: Cargese 1979. 
Maurice Levy, J. Basdevant, D. Speiser, 
J. Weyers, R. Gastmans, M. Jacob, eds. 
NATO Advanced Study Institutes, Se¬ 
ries B: Physics, 61.720 pp. Plenum, 
1980.875. 

It is widely believed that we now have 
a candidate for a theory of weak, electro¬ 
magnetic, and strong interactions that is 
valid for energies below 10 3 GeV, This is 
a gauge theory composed of quantum 
chromodynamics (QCD), the SU(3) 
theory of the strong interactions of 
quarks, and the spontaneously broken 
SU(2) X U(l) Weinberg-Salam model, 
which accounts for the electroweak in¬ 
teractions of quarks and leptons. The 
chief goal of this volume, the proceedings 
of the ,1979 Garg&se Summer Institute, is 
to present an overview of both the theo- 
retical and experimental foundations of 
this SU(3) X SU(2) X U(l) gauge theory 
as of 1979. 

The main theoretical topics surveyed 
include perturbative QCD and its appli¬ 
cations and the electroweak couplings of 
leptons and quarks. Shorter articles in- 
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elude discussions of QED at high energies, 
the fermion mass spectrum, and a very 
nice, pedagogical introduction to the 
calculation of radiative corrections to 
weak and electromagnetic processes. Re¬ 
ports on high-energy neutrino-induced 
reactions, electron-positron physics, and 
hadron-hadron interactions at high 
energies form the basis for an account of 
the experimental situation circa 1979. 

The general review articles tend to 
overlap with those in other recent summer 
school proceedings, a defect that is prob¬ 
ably unavoidable, The more narrowly 
focused contributions to this volume, on 
the other hand, treat a number of topics 
of current interest, and they are certainly 
worth reading. The book can be recom¬ 
mended as a reference to anyone who is 
new to gauge field theories and who wants 
to survey a good portion of the develop¬ 
ments that have occurred during the past 
decade.— Anthony C. Longhitano, 
Physics, Yale University 


Essays in General Relativity: A Fest¬ 
schrift for Abraham Taub, Frank J. 

Tipler, ed. 236 pp. Academic Press, 

1980. $30. 

This collection of 16 essays by leading 
relativists to honor A. H. Taub at his re¬ 
tirement from Berkeley focuses mainly, 
but not exclusively, on topics to which 
Taub has made major contributions: ho¬ 
mogeneous cosmologies, space-time to¬ 
pology and causality, gravitational waves, 
and relativistic hydrodynamics, The es¬ 
says range in character from technical 
mathematical analyses of automorphisms 
of formal algebras, by A. Lichnerowicz, 
and of the space of solutions of Einstein’s 
equations, by A. E. Fischer, J, E. Mars- 
den, and V. Moncrief to order-of-magni- 
tude astrophysical estimates of upper 
limits on gravitational waves, by M. 
Zimmerman and K. S. Thorne, and de¬ 
scriptive conjectures on the origin of 
cosmic inhomogeneities, by E. P. T. 
Liang. J. A. Wheeler offers a poetic tribute 
to “Abe Taub, the Universe Man,” and 
also calculates the size and lifetime of a 
Taub universe (a cosmological model 
Taub discovered, which C. W. Misner has 
called “a counterexample to almost any¬ 
thing”) to show that it may be a count¬ 
erexample to the anthropic principle as 
well. Also interesting is R, Penrose’s essay 
illustrating how the causal properties of 
Schwarzschild space-time, even at large 
distances from the central mass, are 
qualitatively different from those of flat 
space-time. 

_ Because most of the essays are spe¬ 
cialized, being more in the nature of re¬ 
search or seminar papers than general 
reviews, strong interest in this volume will 
be confined almost entirely to workers in 
the field. Even most relativists might not. 
find enough overlap with their specialties 
to purchase this book, but they will find 


it highly worthwhile to read several of the 
essays.—Don N. Page, Physics, Penn¬ 
sylvania State University 

Ionic Liquids. Douglas Inman and David 
G. Lovering, eds, 450 pp. Plenum, 1981. 
$49.50. 

This book, an ensemble of research 
papers and review of developments over 
the last few years in the field of fused 
salts, hydrated melts, and concentrated 
electrolyte solutions, grew out of a meet¬ 
ing held in Oxford in 1978. This type of 
monograph started with the books by 
Sundheim and Blander back in 1964 and 
was followed by others. The present au¬ 
thors often refer to the previous mono¬ 
graphs as the starting point of their re¬ 
ports. 

Some of the papers present very origi¬ 
nal theoretical and experimental work. 
Especially stimulating to my own paro¬ 
chial interests are the ideas contained in 
the papers by Hodge and Angell, Griffiths 
and Wijayanayake, Spiro and King, and 
Ritcher. Ritcher seems to conclude that 
the frictional-coefficients approach is the 
key to the future in transport theory of 
electrolyte solutions, It is apparent that 
this approach [the frictional coefficients] 
isolates specific ion-ion interaction ion- 
solvent interactions; in conventional 
transport coefficients, these are lumped 
together as conductance/diffusion, and 
viscosity. However, the experimental de¬ 
termination of frictional coefficients is a 
laborious, albeit small, step toward the 
goal. The major leap is then the theoreti¬ 
cal quantitative recalculation of the fric¬ 
tional coefficients, a formidable task. 

“Electrochemistry of loriic Liquids” 
might have been a more appropriate title 
because of the strong bias' toward elec¬ 
trochemistry and the absericq of chapters 
on many aspects of spectroscopy (vibra¬ 
tional spectra, x-rays, laser chemistry) on 
molecular relaxation spectrometry (ul¬ 
trasonic and microwave dielectric relax¬ 
ation). 

The book, as it stands, will be a very 
valuable addition to the personal library 
of scholars and graduate students doing 
research in the field of electrochemistry 
of fused salts and concentrated electrolyte 
solutions.— Sergio Petrucci, Chemistry, 
Polytechnic Institute of New York 


The Heterocyclic Chemistry of Phos¬ 
phorus: Systems Based on the Phos¬ 
phorus-Carbon Bond. Louis D, Qtlin, 
434 pp. Wiley, 1981: $47.50. 

This highly readable volume on the 
growing number of heterocycles in which 
phosphorus is_bonded to carbon in, the 
ring is aimed first at the nonspecialist. 

, Chapters 1 and 3 introduce the reader 
to phosphorus-containing ring systems 
and their general character, and to the 


principles of forming 5- and G-membered 
ring systems. Later chapters become more 
specialized: one covers large and small 
ring systems; another gives detailed pre¬ 
sentations of 1 H, 13 C, and :il P NMR 
spectroscopy of phosphorus heterocycles. 
The eighth chapter concludes this me¬ 
dium-sized volume with a discussion of 
structural and conformational aspects of 
phosphorus heterocycles and summarizes 
the evidence for participation of phos¬ 
phorus in cyclic electron delocaliza¬ 
tion— i.e., for aromatic phosphorus com¬ 
pounds. 

Quin’s approach to the literature is se¬ 
lective rather than exhaustive. Synthetic 
reactions are examined critically, and the 
yield and scope of each is made clear. The 
author’s personal experience with many 
of the topics covered heightens the en¬ 
thusiasm of his presentation. Areas that 
need further investigation are highlighted. 

I strongly recommend the book to organic 
chemists contemplating work on organo- 
phosphorus heterocycles as well as to 
those already beguiled by this fascinating 
field— Edgar Howard, Jr., Chemistry, 
Temple University 


An Introduction to Chemical Equi¬ 
librium and Kinetics. Louis Meites. 

Analytical Chemistry, 1.549 pp. Per- 

gamon Press, 1981, $19.95 paper, 

This textbook is intended for use in a 
one-semester lecture course for freshman 
or sophomore chemistry students. A first 
course would cover structure and bond¬ 
ing, and the second, based on this text, 
ivould stress equilibrium and kinetics in 
physical and analytical chemistry. The 
book is “aimed at the students who will be 
the leaders, not the followers, of the fu¬ 
ture” and is therefore not intended as an 
easy text. 

Perhaps because it is the first volume 
of a series on analytical chemistry, how¬ 
ever, it seems better suited for a junior- 
level analytical chemistry course than for 
its stated purpose. Following two chapters 
that introduce the topics of the title, i2 
chapters deal primarily (70-80%) with 
chemical thermodynamics and equilibri¬ 
um as applied in analytical chemistry. 

The book contains an abundance of 
well-organized material for an under¬ 
graduate course in analytical chemistry. 
It'treats equilibria in solutions of non- 
electrolytes, insoluble salts, acids and 
bases,, complexes, and inredox systems, 
but has nary a word about gas-phase 
equilibria. It discusses practical and the¬ 
oretical aspects of chemical analysis, in¬ 
cluding sample preparation, execution of 
gravimetric and volumetric analyses, 
measurement-error analysis, and spec¬ 
troscopy. But a 50-page chapter on spec¬ 
troscopy dismisses both nuclear magnetic 
resonance and electron-spin resonance 
spectroscopy in a brief, unauthoritative 
paragraph. This is a first-rate analytical 
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chemistry text; I wish that its contents 

were better reflected in its title.. William 

Spindel, National Research Council 

Light: Its Interaction with Art and An¬ 
tiquities. Thomas B, Brill. 287 pp. 

Plenum Press, 1980. $29.50. 

This book is a very fine and innovative 
approach to the application of physical 
principles to problems faced daily by 
artists, museum scientists, and conser¬ 
vators of works of art. It is difficult in a 
short volume to meet the needs of all 
these groups. However, this is a valiant 
and in large part successful attempt at a 
compromise for the general audience. 

The first major section is a review of the 
physics of optics. There is nothing unique 
here, although it does summarize those 
phenomena usually covered in a general 
physics course which are pertinent to 
works of art. The middle sections of the 
text, which deal with such subjects as why, 
with age, pentimenti show through in 
paintings and how moirfi patterns are 
created, are presented in a simple, clear, 
and elegant manner. The hook does a fine 
job of explaining to a general audience the 
physical principles involved in such 
often-used art terms as “hiding power” 
and of discussing the chemistry of pig¬ 
ments used by artists at various periods 
in history. Such topics show the influence 
of the University of Delaware’s excellent 
art department in the development of this 
text. 

Late chapters dealing with topics such 
as organic dyes and the detailed chemistry 
of inorganic materials used by artists are 
aimed at the scientific audience. These 
are well done, but of little interest to the 
student of art who is a nonscientist. 
Nevertheless, this is a pioneering effort to 
introduce an understanding of physical 
principles as they relate to works of 
art.—M. J. Cotter, Physics, Queens Col¬ 
lege, CUNY 

An Introduction to Chemical Analysis. 

Walter E. Harris and Byron Kratochvil, 

Golden Sunburst Series. 611 pp, 

Saunders College/HRW, 1981. 

$23.95. 

Because this is an introductory text for 
students with only general chemistry as 
a background, the treatment of theoreti¬ 
cal aspects is qualitative, and the scope is 
somewhat limited. The material is pre¬ 
sented well and at an appropriate level for 
this audience, although it may be desir¬ 
able to add supplementary material. 
NoninHtruraental methods receive 
somewhat more attention than do in¬ 
strumental methods (discussion of the 
latter emphasizes potentiometry, vol¬ 
tammetry, absorptiometry, and chroma¬ 
tography). Detailed instructions for a 
number of laboratory experiments are 
included, as well as a thorough explana¬ 
tion of common laboratory techniques 


and concise discussions of statistics, the 
use of the literature, and sample prepa¬ 
ration, topics sometimes slighted in 
comparable texts. 

The most complete coverage is given to 
the classical volumetric methods and the 
solution equilibria on which they depend. 
Heterogeneous and homogeneous equi¬ 
libria are presented clearly and concisely, 
and the treatment of electrochemical 
methods builds logically on this basis. The 
discussion of membrane electrodes is 
thorough and stresses function as well as 
use, and the important subject of pH. 
measurement receives appropriate at¬ 
tention. 

The section or spectral methods 
stresses instrumentation and techniques 
for quantitative absorbance measure¬ 
ments on solutions in the visible and ul¬ 
traviolet. A single chapter surveys IR, 
Raman, NMR, and atomic spectroscopy: 
the cursory treatment of the first three is 
understandable, since students will meet 
them in their organic courses, but a more 
extensive treatment of atomic spectros¬ 
copy would have been advantageous. Of 
the major separation methods, gas chro¬ 
matography is discussed in detail, ion 
exchange in somewhat less detail, and 
other methods in only a summary 
fashion. 

The text is well organized, clear, and 
free of error. In general, the authors have 
met their goal of presenting analytical 
chemistry in a manner that is current and 
accurate, at a level suitable for second- 
year students,--Dowd A, Aikens, 
Chemistry, Rensselaer Polytechnic In¬ 
stitute 


Earth Sciences 

Oceanography and Surface Layer 
Meteorology in the B/C-Scale: gate 
1, Gerold Siedler and John D. Woods, 
eds, Deep-Sea Research, Part A, Vol, 
26, Supplement 1.294 pp, 

Equatorial and A-Scale Oceanogra¬ 
phy: GATE 2. Walter Duing, ed. Deep- 
Sea Research, Part A, Vol. 26, Supple¬ 
ment 2.356 pp. Pergamon Press, 1980, 
$1.00set. 

The first major international field ex¬ 
periment of the Global Atmospheric Re¬ 
search Program (GAR?) was the GARP 
Atlantic Tropical Experiment (GATE), Its 
objectives were to determine the effects 
of cloud cluster scale weather systems on 
the synoptic-scale atmospheric circulation 
over the tropical Atlantic and to improve 
medium-range, numerical modeling and 
prediction. The oceanographic subpro¬ 
gram of GATE investigated the response 
of the tropical Atlantic to various scales 
of atmospheric forcing and to the fluxes 
of heat, water, and momentum through 
the air-sea interface. The three field 


phases of GATE occurred during the 
summer of 1974. Experiments were 
grouped according to space scales: C- 
scale—meters to 100 km; B-scale—to 300 
km; and A-scale—the entire width of the 
tropical Atlantic. The B/C-scale obser¬ 
vations were carried out in the North 
Equatorial Countercurrent, and the A- 
scale emphasized the equatorial region, 

These two volumes represent the sci¬ 
entific results, which were presented at a 
symposium held in Kiel, Germany, in 
May 1978. A review panel of experts was 
established to review and criticize the 
GATE and the direction of the scientific 
effort, The papers, all refereed according 
to the standards of Deep-Sea Research, 
demonstrate the efforts of the planners to 
integrate the atmospheric and oceano¬ 
graphic results, to facilitate communica¬ 
tion between oceanographers and mete¬ 
orologists, and to encourage scientists to 
carry out the necessary complementary 
analyses. Important topics over the full 
range of time/space scales are covered in 
an orderly manner. Each volume contains 
an Introduction by the editors, which in¬ 
cludes primarily background material. 
The first two papers of Volume 2 give a 
description of the overall results. The 
third paper analyzes the historical wind 
stress data, The three papers provide a 
framework within which the results de¬ 
scribed in the other papers can be inter¬ 
preted. 

These books, along with the GATE atlas, 
form an excellent reference set for infor¬ 
mation about the tropical Atlantic and for 
future climate studies. The papers, from 
many countries, are generally of high 
quality, They show the utility of well- 
planned post-experiment meetings and 
workshops, in which participating scien¬ 
tists can interact, the better to interpret 
their results in terms of the total pic¬ 
ture.-™ Sylvia J. Worthem, Sea-Air In¬ 
teraction Laboratory, National Oceanic 
and Atmospheric Administration, 
Miami 


The Coastal Almanac for 1980—The 
Year of the Coast. Paul L, Ringold 
and John Clark. 172 pp. W. H. Free¬ 
man, 1980. $19.95 cloth, $9.95 paper. 
This volume reminds us how quantified 
a people we have become, It is a surprise 
to learn that someone is counting the 
number of persons engaged in saltwater 
recreational fishing per year to the nearest 
thousand, or the number of boating per¬ 
son-days or swimming person-days by 
region of the U.8. In this collection of 
quantitative information about the coasts 
of the U.S., the subjects .range from 
physical characteristics (e.g., length of 
beaches by states, tidal characteristics) 
through water quality and biological data 
to compilations of information on various 
uses made of coastal waters, Each tabu¬ 
lation is accompanied by a short expla- 
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nation; these are clear and are written to 
a high standard of technical accuracy. 
What is not always clear is how reliable 
the data quoted are, for this is not a crit¬ 
ical compilation. Most of the data are 
perfectly straightforward, but some, such 
as those on water quality, may be sensitive 
to the adequacy of the original sampling, 
and that information is not given to us. 

Tabulations of numerical data invite us 
to draw conclusions on the basis of simple 
quantitative comparisons that might not 
be sustained by more thorough, qualita¬ 
tive study. The possibility of oversimpli¬ 
fication of coastal-zone problems is great 
because of the complexity of the shore 
environment and the large changes that 
take place in it over time through natural 
causes—changes due to the seasons or to 
storms, for example. Nevertheless, this 
selection of data will prove useful to 
nearly everyone interested in the coastal 
zon e.—Robert B. Gordon, Geology and 
Geophysics, Yak University 


Chemistry of the Moon. L. H. Ahrens, 

ed. Physics and Chemistry of the Earth, 

10. 264 pp. Pergamon Press, 1980. 

$97. 

Ten papers by thirteen authors review 
various aspects of lunar chemistry, rang¬ 
ing from lunar orbital remote analysis to 
the details of various isotope systematics 
and two particular suites of lunar rocks; 
Approximately 30% of the authors are 
affiliated with the NASA Johnson Space 
Center. The papers are generally of good 
to excellent quality, but one surmises that 
the volume was a long time in press and 
publication, as few references are more 
recent than 1975 and the most recent is 
from 1976, That the work is already rather 
dated is not as great a fault as it might 
seem, however, in this particular field, 
which has had relatively little significant 
progress in the past few years. 

The coverage of this broad topic is 
rather spotty, as one would expect from 
virtually any 264 pages attempting to re¬ 
view a subject that has consumed more 
than 10,000 pages of lunar science con¬ 
ference proceedings since the return of the 
first lunar sample. The volume will be 
useful as a point of entry into an extensive 
literature for researchers in a number of 
areas of lunar rock chemistry, First-class 
libraries can hardly afford to ignore this 
volume, but individual scientists may feel 
that they can hardly afford to purchase 
it —Elbert A, King, Geology , University 
of Houston 


Early Diagenesis: A Theoretical Ap¬ 
proach. Robert A. Berner. Series in 
Geochemistry. 241 pp. Princeton Uni¬ 
versity Press, 1980. $25 cloth, $9.50 
paper. 

The past decade has seen rapid prog¬ 
ress in the theoretical treatment of early 


diagenesis. The early chapters of this 
outstanding synthesis give the mathe¬ 
matical framework for describing trans¬ 
port phenomena and chemical reactions 
taking place in recent sediments. Trans¬ 
port processes considered include advec- 
tive flow arising from compaction, dif¬ 
ferential burial of solids and pore solution, 
diffusion of ionic solutes, and bioturba- 
tion resulting from both mixing and irri¬ 
gation. Especially helpful are a number of 
tables summarizing estimates of the var¬ 
ious physical parameters. The description 
of chemical processes is, by necessity, an 
abbreviated overview of equilibrium and 
kinetic concepts. The discussion is cen¬ 
tered on the incorporation of the resulting 
chemical expressions in the diagenetic 
equation and covers a variety of reactions: 
precipitation and dissolution, adsorption, 
ion exchange, radioactive decay, microbial 
processes, nucleation, and crystal 
growth. 

Berner then applies this set of princi¬ 
ples to a wide variety of examples drawn 
from the recent literature. Many involve 
the degradation of organic material and 
the accompanying depletion of oxidants 
and release of nutrient elements. Also 
treated are reactions of solid phases 
(carbonate, silica, and silicates), reaction 
and decay of radioisotopes, and several 
parallel examples from nonraarine sys¬ 
tems, Taken together, they illustrate the 
power of the methods for estimating the 
rates of geological, chemical, and biolog¬ 
ical processes, many of which are too slow 
to be amenable to laboratory investiga¬ 
tion, 

The volume is appropriate as both a 
text and a reference work. Of special note 
is the availability of an inexpensive paper 
edition, which is indeed a rare bargain. 
The intended audience is a broad one, and 
I believe the book will serve its needs 
well.—Russell E. McDuff, Oceanogra¬ 
phy, University of Washington 


Remote Sensing in Geology. Barry S. 

Siegal and Alan R. Gillespie, eds. 702 

pp. Wiley, 1980, $42.50, 

This large-format text of 700 pages 
covers a portion of the rapidly growing 
subject of remote sensing, herein re¬ 
stricted to the geological sciences, The 
editors have done a good job in selecting 
a wide mix of 26 authors from industry 
(4); government, including JPL (13); and 
universities (9). Basic concepts are cov¬ 
ered well in 16% of the book, image pro-' 
cesing (i.e., photographic and digital) 
excellently in 22%, interpretational 
technique in 18%, with applications re¬ 
ceiving major coverage in 44%. The large 
section on applications can be further 
subdivided into geological remote-sensing 
research (25%), resource exploration 
(13%), planetology (3%), and environ¬ 
mental aspects (3%), , 


The book itself is well prepared, with 
excellent attention to the quality of black 
and white images, which is so often lost in 
attempts to cut costs. Photographic ex¬ 
amples make up 48% of the black and 
white figures, figures of I.ANDSAT origin 
25%, thermal infrared 13%, and active and 
passive microwave sensing 14%. Tin- 
mandatory color section lias well-selected 
examples, mostly of I,AND,SAT imagery. 
Both the index and the glossary of terms 
appear suitable and are most welcome. 
Internal cross-referencing between 
chapters speaks of good editorial 'prac¬ 
tice. 

The quality of the papers, however, h 
varied. I ranked four as excellent, six as 
good, and ten as only fair. Several papers 
in each category were compilations of 
older material, usefully brought together 
here hut often dated. Texts, unlike wine, 
must be of new materials, as current to the 
date of publication as possible. 

The best paper undoubtedly is the first, 
on sources of information in geologic;*! 
spectra, by the late Graham Hunt. Tin* 
beautiful, concise exposition should he a 
model for other writers. Hunt's informa¬ 
tion is clear and technically correct while 
being lucid. The second best, in my 
opinion, is that by coeditor Alan Gillespie, 
who has compiled much of the amigo- 
processing lore of JPL into a single ref¬ 
erence, Other good papers are Anno 
Kahle’s on "Surface Thermal Properties,* 1 
which is short and factual, and "Litholo¬ 
gic Mapping,” by Mike Abrams, which, in 
short, is. a tour de force by JPL per¬ 
sonnel. 

On the down side, I failed to see cur¬ 
rent, detailed illustrations of X-haml 
synthetic aperture radar. Considering 
that this X-band system has mapped 
most of South America and considerable 1 
portions of Alaska and Indonesia, among 
other places, more prominence should 
have been given to this modern radar 
system. 

Generally, however, the coverage is' 
good, and 1 was very pleased to see tin* 
usually forgotten subject of geobotany 
included. The volume should not hit con ¬ 
sidered as a class text, hut it is a good 
reference manual for the practicing pro¬ 
fessional, The papers by Graham Hunt 
and Alan Gillespie alone make the book 

worth its purchase price,. Ronald l V 

Lyon, Applied Earth Sciences, Sumfaht 
University 


Introduction to Rock Mechanics. 

Richard EL Goodman, 478 pp, Wiley, 
1980. $27.95. 

This excellent book presents an ex¬ 
tensive review of current quantitative 
methods of rock mechanics and was pre¬ 
pared as an introduction to the subject fur 
civil engineering students. Many of these 
methods are of immediate practical im¬ 
portance; others may perhaps be regarded 


•j ^ early steps oil the long road ahead to tary, more specific data, designed to pro- 

j the ultimate goal of a complete under- vide some firm scientific basis for the 

standing of the response of rock masses to discussion of the topic at hand,'The sec- 
civil engineering structures. tions on controversy present a reasonable 

Some aspects of rock mechanics still cross-section of modern public opinion on 
elude rigorous quantitative treatment, each topic and consist of excerpts from 
and the author has wisely included newspapers, scientific journals, and gov- 
methods of coping with some of these, eminent, documents, These vignettes are 
such as systems of classification of rock useful in emphasizing that many envi- 
masses for engineering purposes, based ronmental problems have no simple an- 
chiefly on visual inspection. The useful- swers but are enmeshed in complex emo- 
m*KB of such classifications is well Ulus- tional, moral, and political issues. Selected 
(.rated in connection with estimates of references are included at the end of each 
stand-up time in the section on tun- chapter, 
vieling. The authors have largely avoided the 

If the book lias a flaw, it is the excessive pitfall of rehashing elementary biology or 
reliance, in a few sections, on data ob- geology and have constructed a text that 
tained in the laboratory or on a rigorous will certainly be informative to a large 
analysis of stress conditions rather than audience. It should be used widely.— 
on field observations. For example, sev- James R, Craig, Geology, Virginia Poly- 
t-ral laboratory methods of measuring technic Institute and State University 
permeability are described in detail, but 
pumping tests are mentioned only in 

passing. It is in part a consequence of this_____ 

laboratory approach that the reader is not . .~ , 
made aware of extremely important kite oClCttCOS 
variations in the permeability of some 

apparently uniform rock formations. Overshoot: The Ecological Basis of 
Similarly, preoccupation with rigorous Revolutionary Change. William R. 
stress analysis may distract the engineer Catton, Jr, 298 pp, University of Illinois 

from the possible presence of potentially Press, 1980. $16.50. 

; disastrous defects in the rock, which could There will be little that is new for most 

I m revealed by careful geological fieldwork ecologists in the basic message of this fine 
. combined with monitoring during con- [ )00 ] {> That raessa g e j s that Homo sapiens 
. HirucUtm and conservative interpretation j iaR excee[ | e( j th e long-term carrying ca- 
of the datathus obtained. 1 his failure to j )ac |ty 0 f Earth, that the momentum of 
stress the field approach sufficiently may p 0 p U i a tion growth and “development” 
have the unfortunate effect of reinforcing w jjj cause an even g rea t er overshoot, and 
the view,, apparently still held by many a dramatic change of paradigm will 
civil engineers, that rocks conform to | )e required if our species is to learn to live 

Mime cosmic A8TM standards.. Ruth II w jj ; j 1 j n constraints imposed by the 

Tmughi, Winchester, MA planet’s ecosystems, 

But the message here is delivered by a 
1 . sociologist, filtered through a sociologist’s 

The Environment: Issues and dunces percept j onBt anc i illustrated by a sociolo- 
f**r .Society. Penelope ReVeile and gist’s examples, For instance, from doing 
Charles ReVeile. 762 pp. 1). Van Nos- wor ]< j n the South Pacific (and hav- 
fraud, 1981. $18.95, ing an interest in anthropology), I was 

The authors set < >ut to design an envi- quite familiar with cargo cults. But when 

ronmental textbook for students from a I read in Science (208:1435,27 June 1980) 
variety of academic backgrounds, They an article by an economist stating that 
have succeeded: here is a well-researched "the future quantities of a natural re¬ 
am! well-written text which is a blend of source such as copper cannot be calcu- 
hiology, chemistry, physics, geology,and , “~' 1 s “ Wn " 0,a 

meteorology, with a touch of jurispru¬ 
dence and current events, The pleasant 
style and convenient construction of the 
book allow for easy reading in large or 
small segments. 

The text is divided into sections dealing 
with human population growth and its 
impact on wildlife, water resources, con¬ 
ventional and nonconventional power 
l st mrces and resources and their impacts 
f on environmental quality, carcinogens in 
the environment, land resources, and the 
world's food supplies, Each chapter is 
Bubdivided into three parts: a general 
overview of the topic, an examination of 
controversial aspects of environmental 
issues, and a presentation of supplemen- 
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be made from other materials,” it did not 
occur to me that the author was amember 
of the equivalent of a modern cargo, cult. 
Catton would have made the connection, 
He writes: “The modern Cargoist who 
expects to be bailed out of this, years 
ecological predicament by next year’s 
technological breakthrough holds similar 
beliefe [to those of the Melanesians] be¬ 
cause of his inadequate knowledge of 
ecology and of technology’s role in it, Both 
Cargoist faiths rest upon the quicksand of 
fundamental ignorance lubricated by. 
superficial knowledge.” 

Examples abound as Catton discusses 
such things as the “takeover and draw¬ 
down” methods of increasing carrying 
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MDaritv, “human exemptionalism,” the 
“age of exuberance," and the pitfalls of 
“cosmeticism." Some of his analyses will 
be controversial, and there are some un¬ 
important ecological nits to be picked. 
But biologists, geologists, and others al¬ 
ready deeply concerned over the human 
predicament will find this a useful, 
thought-provoking book. It is a pity that 
Overshoot is unlikely to be read by many 
of the powerful Cargoists among econo¬ 
mists, businessmen, and politicians—for 
those'people must learn how the world 
works if there is to be any hope for a 
smooth transition to a sustainable soci¬ 
ety, —Paul II Ehrlich, Biological Sci¬ 
ences, Stanford University 


The Evolution of Culture in Animals, 
John Tyler Bonner, 216 pp. Princeton 
University Press, 1980. $14.50, 

On the one hand, there is culture and 
on the other, biology; moreover, We (the 
people) have the former, and They, (the 
animals) have the latter. Or so it is often 
said, Recently, however, the distinction 
has been blurred, as sociobiologists have 
become strikingly successful in inter¬ 
preting complex animal social behavior in 
evolutionary (hence, biological) terms. 
Spurred by this success, several people 
have begun taking a new and controver¬ 
sial look at human culture, presupposing 
that it may also be strongly biological in 
some sense. In this simply written, brief 
yet elegant book, biologist Bonner looks 
in the other direction: he argues, that 
many nonhuman animals experience 
culture, in one form or another, 

For the nonscientist, the most impor¬ 
tant lesson of Darwinism is continuity 
between Homo sapiens and the rest of the 
organic world. Bonner emphasizes that 
such continuity includes not only behav¬ 
ior, but even complex behavior, trans¬ 
mitted via learning across generations— 
i.e., culture. Most sociobiologists know full 
well that animals have rudimentary cul¬ 
ture—bird song, migratory routes, fo¬ 
raging techniques, potato washing by 
Japanese macaques—but perhaps it takes 
someone less involved in cultural animals, 
a student of slime molds and cellular dif¬ 
ferentiation like Bonner, to appreciate the 
astounding import of these facts and their 
significance for claims of human unique¬ 
ness based on our cultural heritage. As 
Bonner; emphasizes, both genetic and 
cultural systems serve the purpose of 
transmitting information, and the ca¬ 
pacity for culture can be under selection 
pressure no weaker than tha t for genome 
characteristics, He quite properly points 
out that despite the great involvement- 
one might say, obsession—of psycholo¬ 
gists with animal learning, virtually no 
attention has been directed to teaching. 
And yet every case of teaching is also an 
example of the transmission of cultural 
information. 
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The book has weaknesses, too. Much of 
the sociobiology clearly comes directly 
from Wilson. And despite the many 
(perhaps too many) bows toward 
Dawkin’s selfish gene, the author slips 
readily into group thinking: “A domi¬ 
nance system provides an inner structure 
to a social group so that it can respond 
effectively to its needs.” There is much on 
communication, but, regrettably, nothing 
on deceit; in considering parent-offspring 
teaching, Triver’s parent-offspring con¬ 
flict model is omitted entirely. In this 
good-natured exposition, such issues as 
conflict and deceit might seem out of 
place, but they are virtually mandated in 
any modern discussion said to be illumi¬ 
nated by sociobiology, 

On balance, there is litte new here for 
the sociobiologist, although more than one 
special scientist may find this book to be 
a mind-opener. One interesting and 
original suggestion for all parties, how¬ 
ever, is that the diversity of human cul¬ 
tures may exemplify an ESS, which Bon¬ 
ner dubs a situation of “alternative steady 
states.” Thus, insofar as human cultures 
are biological, they tend to move up the 
available adaptive peaks, but depending 
on initial and other varying conditions, 
different peaks may be occupied by dif¬ 
ferent populations. In keeping with 
Bonner’s moderate, reasonable tone, this 
suggestion provides something for both 
the biologist and the social scientist; that 
is, adaptation but also uniqueness and 
diversity. Perhaps now it is up to a cul¬ 
tural anthropologist to develop this 
promising notion somewhat further.— 
David P. Barash, Psychology and Zool¬ 
ogy , University of Washington 


Phylogenetic Patterns and Evolu¬ 
tionary Process: Method and Theory 
in Comparative Biology. Niles Eldredge 
and Joel Cracraft. 349 pp. Columbia 
University Press, 1980. $27.50. 

This is the only useful book on sys- 
tematics from a cladistic approach, the 
approach which relegates everything but 
a strictly interpreted phylogeny to an 
ideologically defined backwater, In ad¬ 
dition to treating the expected topics of 
the construction of phylogenies and 
classifications, the authors devote a long 
chapter to an analysis of aspects of ma¬ 
croevolution, trying to explain it as a re¬ 
sult of species-level processes. Such pro¬ 
cesses exist and are important, but we are 
given no real consideration of other op¬ 
erative mechanisms. 

Cladism is more an ideology than a 
science; it has no methods or verifiable 
results not widely used by others. It has 
been valuable in returning the study of 
phylogeny, one of the two main foci of the 
evolutionary half of biology, to some re¬ 
spectability, However, it simply ignores 
adaptation, the other main focus. For in¬ 


stance, by denying adaptation as a basis 
for supraspecific taxa Eldredge and Cra¬ 
craft are explicitly unable to make much 
sense of the fundamental concept of the 
adaptive zone, 

Cladists either ignore taxa which have 
had the misfortune to become extinct, 
partly abandon their ideology by starting 
with predefined supraspecific taxa, or 
relegate extinct taxa to subordinate ap¬ 
pendages in a classification based on or¬ 
ganisms alive at the same time as the 
cladists. The authors do not compare 
their preference for the latter with the 
synthetic view of taxa as adaptively uni¬ 
fied monophyletic groups. Because ex¬ 
tinct taxa cannot be ignored in general, 
and for other reasons, cladism fails as a 
systematic paradigm, 

A common ploy for a new ideology is to 
redefine long-used terms. Cladists have 
done this—e.g., with “monophyly,” a 
basic term which is now strongly ambig¬ 
uous merely as a result of an unnecessary 
political trick, The authors deny the ex¬ 
istence of horizontal relationships; to 
them parents are related to offspring but 
sibs are unrelated to each other. Good 
antidotes to such simplemindedness, if a 
little dated, are Simpson’s Principles of 
Animal Taxonomy and Principles of 
Systematic Zoology—Leigh M. Van 
Valen, Biology, University of Chicago 


The Age of Birds. Alan Feduccia. 196 pp. 

Harvard University Press, 1980. $20. 

To give an account for the general bi¬ 
ologist and the lay public of the origin of 
birds—including the evolution of 
flight—and of the adaptive radiation of 
several major groups of modern birds is 
the goal of this volume, The text is well 
written in a pleasant, nontechnical yet 
informative style and is thoroughly illus¬ 
trated with photographs and figures. The 
first three chapters cover the discovery of 
the six known specimens-one feather 
(the type specimen) and five skeletons— 
of Archaeopteryx , and include discus¬ 
sions of the ancestry of birds and the ev¬ 
olution of flight. Feduccia presents a good 
overview of these topics, with a nice bal¬ 
ance between conflicting theories and 
with sufficient factual evidence to support 
his conclusions. My major objection is to 
the discussion of the furcula, a distinct 
avian feature, Recent biomechanical 
analysis of the avian shoulder girdle done 
in my laboratory supports Ostrom’s idea 
that this bone serves as an elastic 
transverse spacer between the shoulder 
sockets. It does serve as a site of origin for 
a small part of the pectoralis muscle, as 
suggested earlier by Stegmann, but I 
doubt that the furcula evolved as the main 
site of origin for the pectoralis or that the 
sternal keel serves mainly as the origin for 
the supracoracoideus muscle. 

The remaining five chapters deal with 


the adaptive radiation of several large 
groups of birds—e.g., land birds—and 
with the evolution of flightlessness. These 
chapters are not successful, in my opinion, 
largely because Feduccia’s presentation 
does not differentiate well-accepted ideas 
or minor points from highly controversial 
views. Conflicting hypotheses and evi¬ 
dence supporting his conclusions are not 
elucidated clearly, so that the nonspeci¬ 
alist in avian classification will have a 
difficult, if not impossible, task distin¬ 
guishing between reasonably broadly ac¬ 
cepted or well-supported ideas and con¬ 
troversial ones. A majority of the taxo¬ 
nomic conclusions presented in these 
chapters are simply not supported by 
convincing evidence. The author implies 
that considerable doubt still exists on the 
monophyly of the tinamous and ratites, 
although that classification has been one 
of the best supported points in avian 
taxonomy since 1962. And I see little basis 
to argue for the origin of the ratites from 
a gruiform ancestor simply because sev¬ 
eral cursorial fossil forms have evolved a 
two-toed foot similar to that of os¬ 
triches. 

The discussion of land birds illustrates 
the weakness of the last five chapters. 
Feduccia presents a dendrogram quite 
different from that in his 1977 paper. His 
only comment supporting the shift of the 
suboscines from a separate order, the 
Tyranniformes, closely allied to the Al- 
cediniformes, back to the Passeriformes 
is a simple statement that recent scanning 
electron microscope studies showed that 
the stapes of the Suboscines and the Al- 
cediniformes are quite different. No ex¬ 
planations are given as to the nature of 
these differences and as to why he had 
earlier stated firmly that the suboscines 
and oscines could not have evolved from 
an immediate common ancestor. Perhaps. 
the major problem here is that our un¬ 
derstanding of the adaptive radiation and 
classification of modern birds is too in¬ 
complete for a satisfactory nontechnical 
presentation. The nonspecialist should 
therefore exercise caution.— Walter J. 
Bock, Biological Sciences, Columbia 
University 

Introduction to Ethology. Klaus Im- 
melmann. Trans. Erich Klinghammer. 
237 pp. Plenum, 1980. $22.50. 

What distinguishes the ethological 
approach from other styles of animal be¬ 
havior study is its conscious emphasis on 
studying whole patterns of behavior 
(feeding, courtship, nest building, and the 
like) in animals living under natural 
conditions. Immelmann has succeeded in 
providing a broad, well-organized, intro¬ 
ductory textbook for this form of animal 
behavior study. The sequence of topics 
follows the now fairly standard hut ef¬ 
fective arrangement of basic ethological 
concepts, external stimuli, nervous and 
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endocrine systems, development of be¬ 
havior, learning, social behavior, and ev¬ 
olution of behavior. 

The book is strongest when discussing 
the proximate mechanisms underlying 
behavior, such as stimulus filtering, neu¬ 
ral vs. endocrinal control of behavior, and 
the relationship between genes and en¬ 
vironment in determining an individual’s 
behavior. It is much weaker when dis¬ 
cussing the ultimate shaping of behavior 
by natural selection. Immelmann fre¬ 
quently gives group selectionist, good- 
for-the-species explanations for the 
adaptive significance of particular be¬ 
haviors. An introductory course in animal 
behavior would probably need to use a 
second text, such as Alcock’s Animal Be¬ 
havior, An Evolutionary Approach, to 
give proper coverage of the ecology of 
behavior. And because Immelmann cov¬ 
ers a large field, he gives few detailed ex¬ 
amples of behavioral studies. A collection 
of offprints from Scientific American 
would nicely complement this book.— 
Thomas D, Seeley, Biology, Yale Uni¬ 
versity 

Aquatic Oligochaete Biology. Ralph 0, 

Brinkhurst and David G. Cook, eds. 

Proc. lstlntemat. Symp., Sidney, B.C., 

Canada, 1979.529 pp. Plenum Press, 

1980. $55. 

The reports collected here represent 
the state of current research on oligo- 
chaetes; they are a valuable contribution 
to the literature and will be cited fre¬ 
quently. They are divided into five areas: 
taxonomy (5 papers), zoogeography (4), 
life history and production (4), ecology 
(7), and anthropogenic effects on oligo- 
chaetes (6). A Postscript which reviews 
the contents and an Appendix on nom- 
enclatural matters are by Brinkhurst, 
Three of the taxonomic papers have an 
ecological bent (variation or sibling 
species), giving the volume a strong eco¬ 
logical emphasis. Although the papers are 
representative of research of the past 
quarter century, the book will disappoint 
those interested in the anatomy, physi¬ 
ology, or systematica of worms, 

The pollution-tolerant tubificids re¬ 
ceive ample coverage; the paper on their 
effects on physical and chemical proper¬ 
ties of Lake Erie sediments is particularly 
interesting, Two “outside” papers are 
included, one on sibling species in the 
polychaete Capitella, and the other on 
terrestrial enchytraeid production, Over 
half of another paper deals with commu¬ 
nity structure of terrestrial megadriles in 
agricultural soils. However, two important 
areas of oligochaete biology are not 
properly covered. Only brief references 
are made to aquatic megadriles. Second, 
the aquatic Enchytraeidae are rarely 
discussed, although, as is pointed out in 
the paper on the Great Lakes fauna, en- 
chytraeids may be the dominant or one of 


the dominant oligochaete taxa in some 
areas. The enchytraeid fauna is listed only 
by three generic names ( Henlea-Enchy- 
traeus should also be listed) in the Great 
Lakes paper, whereas the rest of the oli- 
gochaetes, with one exception, can be re¬ 
ferred to species. These omissions are in¬ 
dicative of a lack of research and knowl¬ 
edge covering these areas. 

Typographical and grammatical errors 
are occasionally bothersome, and the pa¬ 
pers would have been improved by a re¬ 
view process, but the early availability 
makes them more useful. They will be 
particularly welcome to benthologists and 
those researchers interested in pollu¬ 
tion-tolerant organisms.— Robert J. 
Wolff, Trinity Christian College, Palos 
Heights, IL 

Animal Migration, Orientation, and 

Navigation. Sidney A. Gauthreaux, 

Jr„ ed, Physiological Ecology Series, 

387 pp, Academic Press, 1980. $39. 

Since 1978 books on animal migration 
have appeared at the rate of at least one 
per year. This is the 1980 book, but I know 
of at least three more to follow in 1981 and 
1982, If a book is to achieve more than 
ephemeral usefulness in the face of such 
steady competition, it has to score in at 
least one of two ways. Either it must 
contain new and original interpretations 
or theories, or it must be so aesthetically 
satisfying that it is a pleasure simply to 
own, This book, however, has neither of 
these qualities and aims instead to be 
primarily a list of references. In this it 
succeeds admirably, bringing the reader 
up to about mid-1978 and serving the 
student as an excellent directory to more 
detailed information on migration and 
navigation. By its very nature, however, 
such a book is short-lived, and is quickly 
superseded by the next, more recent, re¬ 
view. 

Owing to the short length and ambi¬ 
tious scope of the book, the authors’ own 
views and comments have been con¬ 
densed so much that they convey little 
sense of the controversies and new ideas 
that are so vibrant in the field of animal 
migration. Although the date of going to 
press makes some omissions unavoidable, 
the volume contains no discussion of 
perhaps the most important Issues of the 
past decade: the concept of the lifetime 
track; the all-embracing familiar area 
model of the lifetime track of vertebrates 
and many invertebrates; the “preferred 
compass direction” versus “downwind 
displacement” controversy in locust mi¬ 
gration; non-time-compensated compass 
orientation by Invertebrates other than 
butterflies, including celestial orientation 
by migrating moths; the rapidly growing 
research into magnetite as the basis of the 
magnetic sensor in both vertebrates and 
invertebrates; and, finally, the interesting 
question whether humans navigate by the 


same or similar mechanisms and senses as 
other animals. Not only are these theories 
and subect areas not explored, but no 
novel explanations are offered for the 
phenomena involved. New ideas are con¬ 
spicuously absent, 

My major disappointment with the 
book, however, is aesthetic. There is no 
attempt to capture the flavor and excite¬ 
ment of studying animals and their 
movements and only a minimal attempt 
(Ken Abie’s chapter on navigation being 
a notable exception) to illustrate ideas 
and experimental data. For example, 
Hugh Dingle’s chapter on the ecology and 
evolution of migration, over 100 pages 
long, contains just six small, very un¬ 
imaginative diagrams. Despite its un¬ 
doubted value as a source of references up 
to mid-1978,1 suspect that because this 
book lacks the more durable features of its 
competitors, it is doomed early obsoles¬ 
cence.— Robin Baker , Zoology, Univer¬ 
sity of Manchester, UK 


The Foraging Strategy of Howler 

Monkeys: A Study In Primate Eco¬ 
nomics, Katherine Milton. 165 pp. Co¬ 
lumbia University Press, 1980. $20. 

Howlers do not live in the midst of a 
wonderland of foods, nor are they spe¬ 
cialist folivores with physiological and 
morphological adaptations rivaling those 
of the colobine monkeys and indriid 
prosimians of the Old World. Starting 
from these two challenges to the conven¬ 
tional wisdom regarding this neotropical 
herbivorous genus, Milton formulates 
hypotheses concerning foraging patterns 
and diet and tests these against her ob¬ 
servations, conducted intermittently since 
1974 on the mantled howler of Barro 
Colorado Island, Panama. She discovers 
that howlers compensate for limited 
physical adaptation by being selective 
with respect to food species and the parts 
of plants they utilize, The caloric pover ty 
of much of their diet forces them to be 
economical in terms of activity and 
ranging patterns, and they need a good 
knowledge of their “supply area” to locate 
the foods currently optimal for them, The 
plants, in their turn, are “very patchy in 
both space and time,” as part of their 
strategy,. 

The book is based on Milton’s Ph,D, 
thesis, but it contains tantalizing glimpses 
of her work on sister Alouatta species in 
Peru and Argentina. The text reads as a 
classic example of ecological work: the 
formulation of predictions on the basis of 
general principles and known aspects of 
the species, the description of methods 
used to test the predictions, and the in¬ 
terpretation of the results. The book is an 
excellent addition to the ecologically ori¬ 
ented literature on primates, and the 
consideration of the strategies of the trees 
relative to their herbivore enemies makes 
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it important to tropical botanists and 
ecologists also. Its main shortcoming is 
that the comparative sections are too 
brief; in particular, an expansion of the 
author’s references to the other howler 
species and a broader comparison with 
the variant strategies described for the 
species of that folivore specialist Colum¬ 
bus would have strengthened the impli¬ 
cations of her conclusions .—Meluin Ne¬ 
ville , Anthropology, Loyola University, 
Chicago 


Animal Play Behavior. Robert Fagen. 

684 pp. Oxford University Press, 1981. 

$29.95 cloth, $14,95 paper. 

Until recently, animal play was con¬ 
sidered to be merely a dispensable epi- 
phenomenon, not worthy of careful study 
nor deserving of more than' a cursory 
treatment from an evolutionary per¬ 
spective. Fagen dispels this myth once 
and for all. His book is a comprehensive 
compendium, covering everything anyone 
ever wanted to know about play and more. 
Fagen convinces the reader that even an 
activity as kaleidoscopic as play is im¬ 
portant and can be analyzed rigorously 
from evolutionary and comparative points 
of view. He shows, furthermore, that play 
is important to both developing organisms 
and adults, The third chapter alone, a 
review of play in 16 orders of mammals 
and 14 orders of birds, is a very useful 
summary. 

The particular strength of the book is 
its encyclopedic nature. There are few 
new ideas or novel formulations, but be¬ 
cause it covers the field thoroughly, even 
play researchers will find it useful, and the 
uninitiated will probably be over¬ 
whelmed! Although the central theme of 
the book is play, much morels included, 
The chapter on the biology of play dis¬ 
cusses cooperation and competition, op¬ 
timization and game theory, and evolu¬ 
tionary stable categories, Fagen is a bit 
overzealous about modeling play, using 
ideas that are in vogue, but if we read 
critically between the lines and ignore the 
trendy jargon, we will find food for 
thought, Scientists who have long been 
interested in play will be able to use Fag- 
en’s book to support their previously un¬ 
heralded efforts. Those who thought that 
play was unimportant or could not be 
analyzed are in for a big surprise.—Marc 
Bekoff, Environmental,Population, and 
Organismic Biology, University of Colo¬ 
rado 


Endocrinology. Graham J. Goldsworthy, 
John Robinson, William Mordue. 
Tertiary Level Biology Series, 184 pp. 
Halsted Press, 1981. $34.95. 

I enjoyed and profited intellectually 
from reviewing this book, the twenty- 
second in the publisher’s series on this 


general subject for students at “advanced 
undergraduate level.” The major topics 
covered are important, and they are 
handled extremely well. In each chapter, 
some content was new to this veteran post 
doc, but to the authors’ credit most such 
areas are related to other discussions in 
other sections of the chapter or book, 
which are easy to find. This feature is a 
major strength of the book in my opinion. 
The figures are well designed and easy to 
follow, indexing is accurate, and the 
glossary of terms is very helpful. The 
glossary served me well, since the discus¬ 
sion of some items in each chapter used 
vertebrate, invertebrate, and comparative 
endocrinologic terms with which I was 
unfamiliar. The authors have made good 
use of their respective backgrounds in 
zoology, insect physiology, and repro¬ 
ductive biology to produce a stimulating 
and. informative volume, a very useful 
addition to the endocrine literature — 
JohnJ. Canary, Physiology, Georgetown 
University Medical Center 


Predation and Freshwater Com¬ 
munities. Thomas M. Zaret, 187 pp. 

Yale University Press, 1980. $15. 

Some twenty years ago, Czechoslovak¬ 
ian biologists observed that ponds with 
fish had. different assemblages of plank¬ 
tonic animals (zooplankton) than ponds 
from which fish had been removed, From 
this beginning, research into factors de¬ 
termining the composition of freshwater 
zooplankton communities has progressed 
at a fast pace. Zaret provides a well-writ¬ 
ten account of this work, with forays into 
certain areas of marine research as well as 
good coverage of European work, 

The first five chapters review the ef¬ 
fects of predators on zooplankton. Two 
major groups of predators are conve¬ 
niently distinguished on the basis of be¬ 
havior related to choice of prey. Gape- 
limited predators (such as fish, which are 
usually much larger than their prey) show 
preferences that increase with the size of 
the prey. Size-dependent predators (in¬ 
vertebrates) are prevented by their own 
size from capturing the largest zoo- 
plankters; hence their choice of prey is 
represented by a humped preference 
curve. Where fish are abundant, small 
zooplankton predominate; where fish are 
rare, size-dependent predators are com¬ 
mon, and large zooplankton predominate. 
Ramifications of these shifts in class of 
predators extend all the way to the algal 
level and may be seen in morphology, 
motion, and diel vertical migration of 
zooplankton prey, all of which are under 
intense natural selection, 

Chapters entitled “Community Mod¬ 
els” and “Testing the Models” are good 
summaries of what is known but do not 
meet expectations, The models are verbal 
descriptions of the changes in zooplank¬ 


ton assemblages one would expect as fish 
predation varies from zero to a very high 
level. It isn’t clear what new predictions 
are being made; indeed, the three princi¬ 
pal examples used in testing the models 
were also used in their development. Ad¬ 
ditional criticisms can be directed at the 
title, which is too broad, as the book is 
really about zooplankton, at the concen¬ 
tration on predation to the exclusion of 
other important factors and at a rather 
pointless attempt in the Preface to blame 
Darwin, for an excessive emphasis on 
competition in the development of ecol¬ 
ogy. Nonetheless, this small volume pro-, 
vides a good summary of current thinking 
about freshwater zooplankton, among 
which predation is clearly the dominant 
force. A final Appendix raises dozens of 
unanswered questions, dissertations 
waiting to be undertaken. Zaret’s book 
will be a useful introduction for any be¬ 
ginning graduate student or for an inves¬ 
tigator from another discipline who 
wishes to be exposed to this rapidly pro¬ 
gressing field.—J. David Allan, Zoology, 
University of Maryland 


One Hundred Families of Flowering 

Plants. Michael Hickey and Clive 

King, 567 pp. Cambridge University 

Press, 1981. $66 cloth, $19.95 paper. 

Close and careful study of flowers re¬ 
veals the organically intricate, yet pleas¬ 
ingly symmetric, world of small-scale 
morphological structure. Flower study is 
its own reward, but it yields additional 
• benefits—improvements in angiosperm 
classification, with consequent insight 
into ecology and evolution, and appre¬ 
ciation of diversity, reinforcing an ethic of 
conservation and stewardship of the 
world’s plant resources. This “century” of 
flowering plant families contributes to 
these goals, albeit modestly. The book is 
addressed to students and teachers of 
plant taxonomy and to horticulturists and 
others interested in angiosperm diversity. 
While not intended or appropriate as a 
textbook, it may serve as a useful sup¬ 
plement on floral morphology. 

For each of 100 families of dicots and 
monocots, chosen as much for likely 
availability of material as for represen¬ 
tativeness, the book provides a family 
description, comparable in scope to that 
in Lawrence’s Taxonomy of Vascular 
Plants, and notes on distribution, eco¬ 
nomic uses, and classification. This last 
aspect is treated superficially, however, 
and reflects nothing of the recent excite¬ 
ment in classification theory and practice. 
For a representative species of each family 
(or a few species for large families like 
Leguminosae), illustrations of flower 
structure, drawn from living material, 
complete the treatment. The drawings are 
static, inferior to those in Lawrence, in 
Wood’s Atlas of Flowering Plants, or in 
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the recently published and splendid 
Flowering Plants of the World, edited by 
Heywood, which is a real gem (or should 
I say bouquet?) of a book. The species 
chosen for illustration reflect a British 
bias, but many are plants cultivated 
widely elsewhere, in greenhouses or gar¬ 
dens, and are therefore likely to be used 
by teachers in temperate zones for the 
study of floral morphology. 

An additional, intriguing aspect of the 
book is the information on pollination for 
each of the illustrated species. Unfortu¬ 
nately, it is not apparent whether these 
notes on pollination refer to original ob¬ 
servations or reports in the literature, 
whether they are casual or systematic, 
from native habitats or cultivated situa¬ 
tions. Nonetheless, they should encourage 
students and others to integrate function 
with form as they explore the sensuous 
jungle of floral diversity.—James E, 
Rodman, Biology, Curator of the Her¬ 
barium, Yale University 


Physiological Processes in Plant 
Ecology: Toward a Synthesis with 
Atriplex. C. B. Osmond, 0. Bjorkman, 
D. J. Anderson. 468 pp. Springer-Ver- 
lag, 1980. $49.80. 

This is an important book which brings 
together much of the literature pertinent 
to plant physiological ecology by using 
two organizing concepts. The first is the 
need to examine the appropriate scale in 
time and space in order to appreciate 
plant adaptation. The second is the focus 
on data collected on a single widely dis¬ 
tributed genus, Atriplex (Chenopodia- 
ceae). The genus, characteristically found 
in arid and saline areas, is a dominant 
feature of many shrubland, littoral-mar¬ 
itime, and weed-ruderal communities. 
Turesson developed his ideas on ecotypic 
differentiation and genecology as a result 
of work on species of Atriplex, and a sci¬ 
entific interest in plants of this group has 
continued partly because of their distri¬ 
bution patterns, and partly because of 
some features of their physiology, such as 
their salt tolerance and the occurrence of 
both major pathways of photosynthetic 
carbon fixation (Cg and Q) in related 
species. 

The first half of the book begins with a 
treatment of the systematic and geo¬ 
graphic record, followed by an interesting 
discussion of general ecology, including 
community structure, genotypic differ¬ 
entiation, seed biology, and germination 
hehavior. The second part is a summary 
of studies on physiological performance 
in ion and nutrient absorption, water 
relations, and photosynthesis, with a 
stress on photosynthetic responses to such 
factors as light and temperature, and their 
effect on productivity. 

Taken as a whole, the book is a success 
in summarizing a large amount of data 
from different disciplines, in dealing with 


some of the issues surrounding the design 
of experiments in physiological ecology, 
and in pointing out where future work will 
fit into the final picture. It is a valuable 
overview of an entire field and will serve 
as a model for years to come. I recommend 
it highly.—Jean Fincher Chabot, Bio¬ 
logical Sciences, Cornell University 


Nitrogen Fixation, Vol. 1: Free-living 
Systems and Chemical Models, 397 pp. 
Vol. 2: Symbiotic Associations and 
Cyanobacteria. 325 pp. William E. 
Newton and William H. Orme-John- 
son, eds. Proc. 3rd Kettering Internal. 
Symp. Madison, WI, 1978, University 
Park Press, 1980. $39.50 each. 

Among the many conferences on special 
aspects of nitrogen fixation, the Kettering 
Symposia are unique in including all the 
disciplines involved—engineering, phys¬ 
ical and inorganic .chemistry, biochemis¬ 
try, microbiology, plant physiology, ge¬ 
netics, and agronomy. The presentations 
in these volumes are by experts, and most 
are accompanied by informative figures 
and adequate references. 

Important topics discussed here in¬ 
clude the processes by which the legume 
plant and its rhizobial symbiont “recog¬ 
nize" each other, the energy costs of fer¬ 
tilizer manufacture and application, and 
the physiology of nitrogen-fixing blue- 
green algae, The genetic study of nitrogen 
fixation by free-living bacteria is well es¬ 
tablished. Researchers are now shifting 
their attention to the Rhizobia, where the 
genes for nitrogenase and host specificity 
apparently are located on unusually large 
plasmids. 

Enzymologists are close to character¬ 
izing the three-dimensional structure of 
the active center of nitrogenase, which 
contains iron, molybdenum, and sulfur 
atoms. Spurred by the hope of low-tem¬ 
perature ammonia manufacture, inor¬ 
ganic and theoretical chemists are creat¬ 
ing model complexes which will catalyze 
the reduction of nitrogen, 

When these books appeared, partici¬ 
pants were already preparing their slides 
for the fourth (1980) symposium. Nearly 
all the experiments reported at the 1978 
meeting have already appeared in the 
literature; hence these books are of little 
current value to the specialist. To the 
nonspecialist, they provide a convenient 
and informative introduction to the study 
of nitrogen fixation,— T. laRue, Boyce 
Thompson Institutejthaca, NY 


Elementary Mathematical Ecology. 
John Vandermeer, 294 pp. Wiley-In- 
terscience, 1981. $32.50. 

This book fills an unoccupied niche in 
the ecological literature by presenting the 
basic concepts of mathematical ecology at 


an introductory level, The necessary 
mathematical tools are developed in the 
course of treating one- and two-species 
models and several topics relevant to 
community ecology. The format is un¬ 
usual in that most of the text is devoted to 
problems and detailed solutions. The 
problems themselves are unusual, falling 
into two classes—actual development of 
the theory and calculations similar to 
those an ecologist might need to perform 
to use the theory. Although this is a book 
devoted to mathematical topics, the rel¬ 
evance of the theoretical developments to 
questions about nature is addressed fre¬ 
quently, At the end of each chapter are 
references to both experimental and 
theoretical literature, including many 
sources not referred to explicitly in the 
text, 



of introducing mathematical ecology in a 
nonfrightening fashion. The only possible 
flaw is an unusually large number of small 
conceptual errors, perhaps arising from 
the effort to simplify. In the final analysis, 
this is a good book with little competition, 
since all other treatments are at a far more 
advanced level or gloss over the mathe¬ 
matical details.—Alan Hastings, Math¬ 
ematics, University of California, 
Davis 


Textbook of Veterinary Ophthalmol¬ 
ogy. Kirk N. Gelatt, ed. 788 pp. Lea & 

Febiger, 1981. $85. 

Since the economic basis of veterinary 
ophthalmology in the West is primarily 
the treatment of companion animals, 
Gelatt has rightly devoted about half his 
efforts to the'diagnosis and treatment of 
diseases of the eyes of dogs and cats. He 
and his contributors have surveyed the 
veterinary literature in English, summa¬ 
rized it adequately, and added their 
often-unpublished experiences to form a 
large if uncritical tome, The literature in 
languages other than English has been 
largely neglected or cited so incorrectly as 
to raise doubts about whether the refer¬ 
ence was read or understood. A text on 
companion animal ophthalmology alone 
would have little raison d’etre, but with 
the addition of chapters on the ocular 
problems of laboratory animals, food an¬ 
imals of the West, and horses, the work 
finds a niche that has been unfilled, 
Bellhorn’s chapter on laboratory animal 
ophthalmology is the only compilation of 
its sort available, and was sorely needed. 
I was not able to discern whether the 
omission of ophthalmic problems of the 
more common nondomestic animals was 
intentional or simply a function of lack of 
space, but a chapter would have been 
welcome, since veterinarians are often 
asked to render assistance to such exotica 
as snakes, turtles, and birds, and the lit¬ 
erature available on those animals and 
others is not insignificant. 
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The illustrations are by and large ex¬ 
cellent, but the line drawings seem ama¬ 
teurish for a book of this quality, and they 
are sometimes confusing rather than 
helpful. Nevertheless, for a broad view of 
veterinary ophthalmology, this book is 
now the best source—Lionel F. Rubin, 
School of Veterinary Medicine, Univer¬ 
sity of Pennsylvania 


An Enumeration of Chinese Materia 
Medica. Shiu-ying Hu. 287 pp. Uni¬ 
versity of Washington Press, 1980. 
$21.50. 

This is a Chinese-English dictionary of 
the plants, animals, minerals, and other 
materials used as sources of drugs in the 
practice of traditional Chinese medicine, 
This very old Chinese medicine aims at 
restoring a healthy balance of function 
among the organs. Although Western 
medicine is being taught and practiced in 
China, it has not displaced traditional 
medicine but rather collaborates with and 
studies it .-Hui-ym Zhang, Materia 
Medica, Chinese Academy of Medical 
Sciences, Peking, and Bruno G. Benfey, 
Pharmacology and Therapeutics, McGill 
University 


Elements of Microbiology. Michael J. 

Pelczar, Jr., and E. C. S. Chan. 698 pp. 

McGraw-Hill, 1981. $22.95 

The authors suggest that their textbook 
will serve a “vast array of students—-in 
home economics, forestry, agriculture, 
food and animal science, nutrition, allied 
health sciences, nursing, liberal arts, and 
business.” Unfortunately, this seems just 
the book to confirm in the “vast array” a 
distaste for things microbiological, It is 
simultaneously overly detailed and too 
superficial; the dates of Pasteur, Jenner, 
and Koch are included, while only the 
mythic versions of their contributions are 
summarized. Great attention is focused 
on formal classification, of microorgan¬ 
isms, while the distinctions between 
prokaryotes and eukaryotes is fuzzily 
drawn, primarily on the basis of cytolog- 
ical differences. 

Long lists of minimum, optimum, and 
maximum pH ranges for different bacte¬ 
rial species, of the “use concentration” of 
various germicides, of percentage of in¬ 
cidence of various microbes as a function 
of human anatomic region, and endless 
sketches of bacteria as they might be seen 
under low magnification are included; the 
whole area of recombinant DNA technol¬ 
ogy and gene cloning, likely to be of in¬ 
terest and use to many of the intended 
readers of this book, is covered in a Single 
: page. Headers are warned that the new 
technology has potential for good (e.g., 
human gene, therapy to replace “bad” 
genes!) or evil (e.g., cancer-causing bac¬ 
teria or unleashed oil-eaters). No refer¬ 


ences to original source materials are in¬ 
cluded. While this book covers the stan¬ 
dard aspects of microbiology and provides 
a great deal of information, it will fail in¬ 
telligent students— Marjorie Russel, 
Rockefeller University 


Serology and Immunology: A Clinical 

Approach. William D. Stansfield. 388 

pp. Macmillan, 1981. 

Immunology is one of the exponentially 
developing fields in science. It was prob¬ 
ably for this reason that the author’s 
choice was to give only a practical intro¬ 
duction to serology and immunology and 
not to treat the basic aspects of immu¬ 
nology (for example, the network theory 
of Jerne or the pathways in antibody 
production and suppression, which are 
the main interests of the leading scientists 
in this field). The immunological part is 
far less adequate than the serological part. 
The best chapters are 3 and 4 (immuno- 
hematology) and two-thirds of Chapter 5 
(precipitation). 

Least satisfactory are the portions 
which treat very briefly the theoretical 
basis of immunology, because they are 
outdated and oversimplified—the ac¬ 
count of the genetic basis of antibody di¬ 
versity, to cite only one example. 

The book would not be of much help to 
medical students, Some passages could be 
read with profit by those intending to be 
technicians in a serological laboratory, 
and indeed the book seems to be aimed at 
them, Leaving out many insufficiently 
developed immunological portions, cor¬ 
recting the errors, and calling it “Serology 
for Laboratory Workers” would make a 
better book,— Zoltan Ovary, Pathology, 
New York University School of Medi¬ 
cine 


Liquid Chromatography in Clinical 
Analysis. Pokar M, Kabra and Lau¬ 
rence J. Marton, eds. Biological Meth¬ 
ods. 466 pages. Clifton NJ: Humana 
Press, 1981. 

High performance (pressure) liquid 
chromatography (HPLC) has had a recent 
and profound impact on clinical and bio¬ 
medical research laboratories. Despite its 
title, this book is devoted almost entirely 
to the theory and applications of HPLC 
rather than to liquid chromatography in 
general. The editors have been pioneers 
in establishing a clinical role for HPLC. 

The early chapters, which discuss 
theory, instrumentation, and column 
technology, provide a detailed and fairly 
sophisticated introduction. Most of the 
remaining chapters review the HPLC 
analysis of specific drugs and other classes 
of clinically important compounds, in¬ 
cluding bilirubin, porphyrins, neuro- 
transmitters and their metabolites, 
polyamines, and isoenzymes. Rather than 


simply providing a noncritical encyclo¬ 
pedic summary of the literature, each 
chapter offers fundamental clinical and 
biochemical information about a partic¬ 
ular analyte before moving on to a dis¬ 
cussion of its chromatographic analysis. 
The chapter on bilirubin, for example, 
reviews bilirubin metabolism and patho¬ 
physiology as well as the recent advances 
in its chromatographic analysis which 
have revolutionized our knowledge of this 
important compound. 

The major clinical application of HPLC 
to date has been to the analysis of drugs, 
which probably explains the inclusion of 
a separate chapter entitled “Why Mea¬ 
sure Drug Levels?” Instead of the usual 
cliches about the merits of therapeutic 
drug monitoring, the author, Lewis 
Sheiner, gives a refreshingly critical re¬ 
view of the subject, as well as a systematic 
approach to the use of drug concentra¬ 
tions. 

This comprehensive and well-organized 
book will interest the clinical scientist who 
wishes to use HPLC for the first time. It 
will also be helpful to the experienced 
chromatographer who is seeking access to 
a critical review of current knowledge 
concerning the analysis of a specific 
compound or class of compounds, 

Jatlow, Laboratory Medicine, Yale 
University School of Medicine 


Opioid Dependence: Mechanisms and 

Treatment. Abraham Wikler. 255 pp. 

Plenum, 1980. $27.50, 

Wikler has delivered a brief, scientific 
monograph to us; he summarizes, in his 
usual organized and detailed fashion, the 
state of knowledge concerning mor- 
phine-like substances and their use. This 
is an excellent source of material for the 
serious student of the scientific aspects of 
drug dependence. There is relatively little 
space devoted to material of immediate 
clinical relevance, and hence this effort 
will not serve as the only source of data for 
the clinician. As a single summary of well 
organized, up-to-date scientific informa¬ 
tion on the subject, however, this little 
book is without equal.—)?. Rapkin, Psy¬ 
chiatry, Yale University 


The Molecular Biology of rna Tumor 
Viruses. John R. Stephenson, ed. 527 
pp. Academic Press, 1980. $49.50. 

Although rna tumor viruses have been 
reviewed extensively from various vantage 
points, this is probably the first book de¬ 
voted entirely to the molecular biology 
(and biology) of this one group of onco¬ 
genic agents. Twelve chapters by different 
authors have been arranged in a logical 
fashion to cover most aspects of retrovi- 
rology. 
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The first chapter relates, in a very 
readable manner, the historical back¬ 
ground of RNA tumor virus research, from 
the early studies of Peyton Rous and 
Ludwick Gross to the advances made as 
a result of the discovery of reverse tran¬ 
scriptase. The following sections deal 
quite thoroughly with endogenous and 
transforming viruses, retrovirus genome 
structure, and retroviral proteins. Some 
subjects rarely considered in detail in a 
book of this type are examined in an in¬ 
teresting manner in chapters by Jaenisch 
(in vitro insertion of MuLV into the germ 
line of mice), Oroszlan and Gilden (pri¬ 
mary structure analysis of retrovirus 
proteins), and Chien and co-workers 
(electron microscope analysis of retrovirus 
nucleic acids). 

If the multiauthor format naturally 
leads to occasional variability in style and 
duplication of information in some 
chapters, the material is in general well 
presented, and the book will both serve as 
a good reference source for those in the 
field and provide a broad yet detailed 
overview for others interested in this 
work. The rapid pace of advance makes it 
difficult for any book to remain current, 
and of course much of the new nucleic 
acid-sequence data was not available 
when this volume went to press; never¬ 
theless, it does provide the most up-to- 
date and complete review of this group of 
viruses now available.—Eric Hunter, 
| Microbiology, University of Alabama, 
I Birmingham 


Lymphocytic Regulation by Anti¬ 
bodies. Constantin Bona and Pierre- 
Andr6 Cazenave, eds. 324 pp. Wiley- 
Interscience, 1981. $49.50. 

This volume reviews recent advances in 
the study of immunoglobulin molecules, 
allotypes, and idiotypes. The main focus 
is on the interaction of these antigenic 
molecules with the respective antibodies 
and other independent receptors of T and 
B lymphocytes in relation to the whole 
spectrum of immune responses. Regula¬ 
tory as well as effector functions thus 
elicited by the series of interactions be¬ 
tween the antibodies and lymphocytes 
appear to be the foundation of self-regu¬ 
latory processes within the immune sys¬ 
tem,' -Jun Minowada, Roswell Park 
Memorial Institute, Buffalo 


Estrogens and Brain Function: Neural 
Analysis of a Hormone-Controlled 
Mammalian Reproductive Behavior. 
Donald W, Pfaff. 281 pp. Springer- 
Verlag, 1980. $24.90. 

Pfaff presents a carefully considered 
synthesis of research by himself and his 
collaborators on the neuroendocrine reg¬ 
ulation of lordosis behavior in the rat. He 


ties together an impressive series of ex¬ 
periments carried out over more than ten 
years, in which the most modern tech¬ 
niques of neuroanatomy, neurophysiolo¬ 
gy, and neuroendocrinology have been 
brought to bear in studying a hormone- 
dependent behavioral response. In addi¬ 
tion to describing his own research, with 
several previously unpublished summary 
diagrams as well as numerous figures and 
tables from his published articles, the 
author provides a thorough and critical 
review of relevant work by many other 
investigators. Students and researchers 
whose primary interest is the control of 
feminine sexual behavior will find the 
book worth owning, Others, more gener¬ 
ally interested in neuroscience, behavioral 
endocrinology, or physiological psychol¬ 
ogy may also want to own it, for Pfaff 
takes great pains to explain why his 
studies on the hormonal control of lord¬ 
osis are of general interest and then pro¬ 
ceeds to describe in detail how the most 
appropriate experiments have been car¬ 
ried out. The general reader obtains in¬ 
sights into one of the most fruitful ap¬ 
proaches to a fundamental issue in con¬ 
temporary behavior neuroendocrinol- 
ogy.—M, J. Baum, Nutrition and Food 
Science, MIT 


Ergometry: Basics of Medical Exercise 
Testing. Harald Mellerowicz and Vojin 
N. Smodlaka, eds. 420 pp. Urban & 
Schwarzenberg, 1981. $49. 

The appearance of the first German 
edition of this book in 1962 is a landmark 
in the development of exercise physiology. 
It brought together for the first time the 
many different tests being used to evalu¬ 
ate human physical performance, ex¬ 
plained their development and rationale, 
and offered a basis for standardization 
that was badly needed. This English 
translation of the third German edition 
makes this now standard reference work 
available to a wider audience at a time 
when the field of exercise science is 
growing rapidly throughout the world, 
Much new information has been added 
on the ergometric electrocardiogram, ar¬ 
terial blood gases and acid-base balance 
in ergometry, and contraindications to 
ergometric testing, Smodlaka has added 
a valuable chapter on the comparison of 
bicycle and treadmill ergometry, ex¬ 
plaining the advantages and disadvan¬ 
tages, as well as the special uses of each. 
Contributions by nine additional German 
scientists have added to both the scope 
and depth of the book. Perhaps the only 
significant topics omitted are the use of 
radionuclide imaging in the evaluation of, 
cardiac function during exercise and the 
use of echocardiography, particularly to 
measure heart chamber size and muscle 
thickness. 

The great virtues of this book lie in the 


excellent graphs, charts, and other illus¬ 
trations, the clear explanations of the 
physiology involved in each of the meth¬ 
ods, and the applications to the study of 
both the patient and the athlete that are 
cited. It has a good index, which is unfor¬ 
tunately printed in very small type.— 
Allan J. Ryan, M.D„ Edina, MN 


Biochemistry of Ageing. M. S, Kanun- 

go, 281 pp. Academic Press, 1980. 

$40. 

The study of aging is still in the for¬ 
mative stages; at present it is just not 
known which areas of biochemistry will 
develop in importance for our under¬ 
standing of the aging process and which 
will prove to be cul-de-sacs. This volume, 
intended as a reference and textbook, is 
an ambitious undertaking and a good first 
effort to meet an obvious need, but, as the 
author admits, it contains errors of 
omission and commission. Most disturb¬ 
ing is the uneven treatment of topics 
covered. The chapter on age-dependent 
changes in chromatin, for example, is 50 
pages long (presumably to cover the re¬ 
cent surge of published information), 
while free radicals, crosslinking, and li- 
pofuscin are included in one chapter 11 
pages long (5 of which are figures and 
photographs). Nevertheless, the book 
does provide ready access to a wide range 
of research under a single cover and will 
prove useful to the advanced student 
getting a first exposure to the study of 
aging,- -Ralph L. Cooper, Center for the 
Study of Aging and Human Develop¬ 
ment, Duke University Medica!School 


Malaria, Vol. 2; Pathology, Vector 
Studies, and Culture, Julius P. Kreier, 
ed. 328 pp. Academic Press, 1980. 
$38.50. 

The six chapters of the volume are 
concerned with the relationship of the 
malaria parasite jo the various biological 
environments in'which it can thrive— 
vertebrate host, invertebrate host, and 
artificial (cell culture) host, These various 
aspects of the biology of malaria parasites 
are contained in well-organized, well- 
written chapters, documented sufficiently 
to allow the reader ample reference ma¬ 
terial for additional reading and study. Of 
particular interest are the discussion of 
the mechanisms , of erythrocyte destruc¬ 
tion (Ch, 1), the discussion of mosquito 
transmission of malaria (Ch, 4), and the 
two chapters (5 and 6) that deal with tis¬ 
sue-culture cultivation and the sexual and 
asexual stages of malaria. Illustrations are 
uniformly excellent, electron micrographs 
being particularly noteworthy in 
quality. : . 

This work will have general appeal to 
biologists with an interest in malaria as a 
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disease. The chapters on artificial culti- The topics reviewed fall into three distinct will be a useful supplement to those with 

vation provide excellent background categories: well-developed subjects interest in or responsibility for laboratory 

material for those interested in studying (neurohumoral airway control, exercise), safety .—John H. Richardson, Office of 

the biochemistry and physiology of ma- topics of more recent appearance (peri- Biosafety, Public Health Service Centers 

laria parasites— William A. Summers, natal breathing, control of breathing for Disease Control, Atlanta 

Microbiology and Immunology, Indiana during sleep, the airway mucociliary sys- 

Uniuersity School of Medicine tern), and the application of modeling to 

respiration. Reviews in the second cate- 


Pathology Annual, Part 1 (Vol. 15). 
Sheldon C. Sommers and Paul Peter 
Rosen, eds. 482 pp. Appleton-Cen- 
tury-Crofts, 1980. $35. 

This volume is a compendium of 16 
succinct, richly illustrated reviews of a 
broad range of subjects of major interest 
to anatomical pathologists. Over half the 
papers are concerned with neoplasms of 
one kind or another; others deal with 
Epstein-Barr virus infections, autoim¬ 
mune thyroiditis, renal failure, the myo¬ 
fibroblast, and adenomatoid malforma¬ 
tion of the lung. Emphasis is on new 
techniques and recently developed con¬ 
cepts. Bibliographies are comprehensive 
and current, The book will be of immense 
value to the practicing pathologist and 
will interest anyone wishing to review 
current concepts of pathology and 
pathologic physiology of these disease 
entities.— Joshua L, Edwards, Patholo¬ 
gy, Indiana University School of Medi¬ 
cine 


Anticancer Agents Based on Natural 
Product Models. J, M. Cassady and J, 
D. Douros, eds. Academic Press, 1980, 
$49.50. 

In this book by twenty contributors the 
handicap of varied approaches and styles 
is largely overcome by excellent editing 
and by the exciting nature of the devel¬ 
opments described. The overwhelming 
impression is that there are scores of ex¬ 
cellent leads that could produce much 
better treatments for cancer than are now 
available. This reviewer’s reaction is one 
of mixed hopefulness and frustration. 
Why are these leads not being pursued 
more vigorously? It is unfortunate that 
the highly technical style will keep this. 
book from being read and understood by 
the decision-makers and budget-cutters 
in the government. Future editions should 
have a summary table listing all the re¬ 
search leads described by the contribu¬ 
tors— Solomon Garb, Medicine, Uni¬ 
versity of Colorado Medical College 


Respiratory Physiology, Vol. 3, John G. 
Widdicombe, ed. International Review 
of Physiology, 23.339 pp. University 
Park Press, 1981. $39.50. 

The field reviewed in this volume has 
experienced vigorous recent growth, 
which warrants these meritorious reviews. 


gory are particularly welcome. 

In keeping with the intent of this series, 
to provide provocative summaries for a 
physiologically knowledgeable readership, 
no chapter is written for an inner circle of 
specialists only. The attempt by each 
author to pull isolated facts together in an 
integrated exposition is generally suc¬ 
cessful. 

Two chapters deserve specific com¬ 
ment. About half the chapter on exercise 
duplicates material in a review by the 
same authors that appeared last year. To 
this have been added sections on training 
and on respiratory control. We might have 
wished for a larger fraction of new mate¬ 
rial or for the views of a different group. 
Nonetheless, this is an excellent review, 
more general than the earlier one and 
certainly appropriate for the present 
volume. The chapter on modeling seems 
too unfocused for a readership as accus¬ 
tomed to model-making as respiration 
physiologists are. Generality is achieved 
by presenting a loosely connected com¬ 
pendium of many models that have been 
applied to everything from pulmonary 
mechanics to respiratory control. A gen¬ 
eral approach covering newer modeling 
techniques, problems common to mod¬ 
eling, or a consideration of the appropri¬ 
ate statistical fitting of models to data 
might have made a more provocative 
state-of-the-art review,—Thomas C. 
Lloyd, Jr., Medicine and Physiology, 
Indiana University Medical Center 


Laboratory Safety: Theory and Prac¬ 
tice, Anthony A, Fuscaldo, Barry J. 
Erlick, Barbara Hindman, eds. 357 pp. 
Academic Press, 1980. $39,50. 

This book provides a practical and 
comprehensive overview of the major 
considerations appropriate to planning 
the safe operation of laboratories working 
with biological, toxic, or radioactive ma¬ 
terials. The editors have done a good job 
in organizing the materials by category of 
activity. Generally well written, ade¬ 
quately referenced, and suitably illus¬ 
trated, the book is divided into three 
parts—general laboratory safety, biolog¬ 
ical laboratory safety, and medical and 
psychological factors. The authors de¬ 
scribe theoretical and actual hazards that 
may be encountered by those working in 
or entering the laboratory and suggest 
appropriate practices to minimize these 
risks. 

While not a “how to” book of laboratory 
practice or a model safety manual, this 


Human Embryonic and Fetal Death, 

Ian H, Porter and Ernest B. Hook, eds. 

371 pp. Academic Press, 1980. $27, 

Twenty-four chapters report the pro¬ 
ceedings of the tenth annual Birth Defects 
Institute Symposium, held in October 
1979. Almost every imaginable aspect of 
intrauterine death is covered, albeit 
somewhat unevenly. The genetic discus¬ 
sions are pertinent, up-to-date, and in¬ 
formative. The epidemiologic and nutri¬ 
tional subjects are also well covered. The 
depth of treatment of environmental, 
anatomical, infectious, pharmacologic! 
and other causes of embryonic and fetal 
death varies. Although many of the au¬ 
thors have backgrounds primarily in basic 
research, the material is presented in a 
style which will make this volume useful 
for the academic or practicing clinician as 
well as the basic investigator.— Roy H. 
Petrie, Obstetrics and Gynecology, Col¬ 
lege of Physicians & Surgeons, Columbia 
University 


Behavioral Studies of the Hypothala¬ 
mus. Peter J. Morgane and Jaak 
Panksepp, eds. Handbook of the Hy¬ 
pothalamus, 3A. 499 pp. Marcel Dek- 
ker, 1980. $93.50. 

A primary goal of this volume is to 
demonstrate the functional interrela¬ 
tionships between the hypothalamus and 
other parts of the nervous system-most 
particularly the limbic, forebrain, and 
midbrain areas. The volume discusses the 
role of the hypothalamus in such behav¬ 
iors as thermoregulation, food and water 
intake, and energy homeostasis. In the 
initial chapter Boulant reviews the re¬ 
ceptor and effector structures (both hy¬ 
pothalamic and extrahypothalamic) in- 
volved in the various thermoregulatory 
responses and concludes with a detailed 
electrophysiological analysis of hypo¬ 
thalamic neurons engaged in thermoreg¬ 
ulation. Myers emphasizes the physio¬ 
logical and physiochemical selectivity of 
thermosensitive hypothalamic neurons 
and is particularly instructive with re¬ 
spect to the methodological and inter¬ 
pretive problems encountered when at¬ 
tempting to relate a single neuro¬ 
transmitter to a basic function. 

The subsequent chapters deal with 
homeostatic mechanisms involved in 
food, water, and electrolyte balance. 
Powley, focusing on the issue of food in¬ 
take, discusses experimental evidence 
that has led to a trend away from viewing 
the hypothalamus as an amalgam of 



functional “centers.” He cites recent ob¬ 
servations on so-called hypothalamic 
feeding and satiety “centers,” which in¬ 
dicate that these areas probably partici¬ 
pate in the modulation of responses con¬ 
cerned with the broader function of en¬ 
ergy metabolism. The present state of 
knowledge concerning the neurochemis¬ 
try of feeding and drinking is thoroughly 
reviewed by Liebowitz. In the final 
chapter, Rolls presents evidence, derived 
primarily from single-unit studies in 
monkeys, demonstrating a role for neu¬ 
rons in the lateral hypothalamus and the 
substantia innominata in both feeding 
and drinking, plus the learning of signif¬ 
icant stimuli associated with these be¬ 
haviors. This proposes an interesting in¬ 
terface between homeostatic regulation 
and the adaptive mechanisms of 
learning. 

Considered as a whole the volume is 
informative, organized, and well written. 
The individual authors have not only 
provided us with excellent reviews of their 
respective areas, but have also succeeded 
in furthering the editors’ goal of showing 
the hypothalamus as an integral part of a 
complex neural circuit including reticular, 
limbic, and forebrain components,— 
Ralph U. Esposito, Laboratory of Psy¬ 
chology and Psychopathology, National 
Institute of Mental Health 


Behavioral Sciences 

Reading Research: Advances in Theory 
and Practice. G. E. MacKinnon and T. 
Gary Waller, eds. 233 pp. Academic 
Press, 1981. $22. 

Understanding Written Language: 
Explorations in Comprehension be¬ 
yond the Sentence. A. J. Sanford and S, 
C. Garrod. 224 pp. Wiley, 1981, 
$33.95. 

Theoretical Issues in Reading Com¬ 
prehension: Perspectives from Cog¬ 
nitive Psychology, Linguistics, Artifi¬ 
cial Intelligence, and Education. Rand 
J. Spiro, Bertram C. Bruce, William F, 
Brewer, eds. 586 pp. Lawrence Erl- 
baum, 1980. $19.95. 

There is a lot more diversity among 
these books than meets the eye. Take the 
issue of what reading is: it goes without 
saying that reading without comprehen¬ 
sion ia just a cheap trick, not remotely 
worth the massive effort these books 
represent. But language comprehension 
without reading is also commonplace, 
sometimes even in college lectures. It is 
unarguable, but in some circles considered 
reactionary, to observe that processes 
common to the written and spoken lan¬ 
guage forms are not part of reading. 
Imagine a book called Understanding 
Braille with excellent chapters by Ortony 


on metaphor and by Rumelhart on sche¬ 
mata. These processes surely occur in 
people who use braille, as well as in deaf 
users of American Sign Language, but it 
would be eccentric to choose a book about 
braille in order to write about them. It is 
just as eccentric to discuss these higher- 
order comprehension processes in a book 
about reading, even though the book 
might contain-as these do-valuable 
and educationally relevant information, 
No real harm is done by confusing the 
processes of reading and comprehension, 
of course; it just perpetuates sloppy use of 
language and, perhaps, confused thinking 
as well. 

Of this confusion, the Sanford and 
Garrod hook (which is otherwise my fa¬ 
vorite among the three) is guiltiest by far, 
Indeed, in discussions of working memory 
limits and disambiguation through stress 
assignment, many of their arguments 
make much better sense for the spoken 
than for the written language! Most of the 
Spiro, Bruce, and Brewer book is as im¬ 
perialistic in this matter as Sanford and 
Garrod: Morgan and Green dwell on the 
pragmatics of "speech acts,” and Webber 
examines prosodic stress in the resolution 
of anaphora, There are notable excep¬ 
tions, however: Adams takes on directly 
the issue of what comprehension differ¬ 
ences might ensue from written or spoken 
modalities, and Rubin’s chapter is the 
most thoughtful essay on this distinction 
I have ever read, including a taxonomy of 
dimensions of discourse that typically 
differ between spoken and written lan¬ 
guage. The MacKinnon and Waller book 
keeps closest to reading, with chapters on 
writing systems, instructional techniques, 
content analysis of elementary readers, 
and the like. 

Another dimension of variation among 
these three books is format, Sanford and 
Garrod’s book is a true monograph: the 
two authors grappled with their topic, 
integrating the theoretical literature, their 
own research, and that of others into a 
unified treatment with a coherent argu¬ 
ment, In the first part of the book, they 
review a number of recent ideas from 
various disciplines (cognitive psychology, 
linguistics, phihphy, artificial intelli¬ 
gence) on how language understanding 
works. This is done with rigorous but brief 
capsule summaries of work done by 
Searle, Chafe, Haliday, and others, and of 
notions such as the given-new distinction, 
scripts, and case grammars, The rest of 
the book consists mostly of studies of 
reading times directed at the problem of 
reference resolution. This popular area of 
investigation does not capture the whole 
problem of coherence in text, but it has 
been a very major focus of workers in the 
area, Sanford and Garrod are remarkably 
successful in keeping sight of the “big 
ideas” from the first part of the book 
while going through the research findings 
(for example, the opposition between 


gap-filling, interpolative inferences and 
scenario-based, extrapolative infer¬ 
ences). 

MacKinnon and Waller present a very 
tightly edited collection of invited chap¬ 
ters. The authors were explicitly directed 
to focus on classroom acquisition of 
reading. The thorough outlines before 
each chapter suggest that MacKinnon 
and Waller took part in the chapter 
preparations as well. The Spiro, Bruce, 
and Brewer collection is looser, As one 
would expectin a sprawling collection of 
progress reports from active investigators, 
there are some really excellent pieces and 
others less good, In total pages, it com¬ 
pares with a volume of one of several 
prestige journals that publish papers in 
this area. Although there is more material 
on language comprehension here than in 
any journal volume, the book lacks the 
rigorous peer review applied to a good 
journal— Robert G. Crowder, Psycholo¬ 
gy, Yale University 


Locating Language in Time and Space. 

William Labov, ed. 271 pp. Academic 

Press, 1980, $24,50. 

“It is often said that a field of human 
knowledge begins with qualitative ob¬ 
servations and advances toward quanti¬ 
tative techniques as it matures,” Labov’s 
opening line captures the central thrust 
of the book—the attempt to apply rigor¬ 
ous quantitative methodologies to lin¬ 
guistic questions. Readers may or may not 
agree that increasing quantification is 
necessarily a sign of growing maturity in; 
a field. In the research reported in this 
book, the methods are intelligently and 
usefully applied to a wide variety of top¬ 
ics. Subjects range from a-prefixing in 
Appalachian English (as in “He went a- 
hunting”) to causes of phonological vari¬ 
ation such as the dropping of -t and -d at 
the ends of words, to factors affecting 
acquisition of a Philadelphia dialect by 
children moving into that city, Because of 
their technical nature, the methodologies 
reported require of the reader consider¬ 
able knowledge of linguistics. A few dis¬ 
cussions appeal to a broader audience, 
such as Baugh’s comments on the dif¬ 
ficulties of studying socially stigmatized 
groups, 

The techniques used here make visible 
patterns of language that do not reveal 
themselves through more qualitative 
methodologies, For example, the precise 
distribution of speech sounds in con¬ 
temporary speech can “preserve linguistic 
history over, several centuries and several 
continents.” Consequently, a quantifi¬ 
cation of today’s speech patterns can yield 
vital clues to the evolution of speech. A 
second example of the utility of quanti¬ 
fication is found in Labov’s concluding 
chapter. Recognizing that change in lan¬ 
guage is gradual, he asks: “In which social 
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groups do these innovations occur?” La- 
bov’s measurements of current speech 
and the direction that changes in sounds 
are taking indicate that the upper working 
class spearheads linguistic alteration. 
Thus, quantitative techniques permit 
insights that will be useful in the theo¬ 
retical debate concerning the genesis of 
language forms within society and the 
relationship between language and social 
structur g—Martha Glenn Cox, School of 
Organization and Management, Yale 
University 


Psychological Models and Neural 
Mechanisms: An Examination of 
Reductionism in Psychology. Austen 
Clark. Clarendon Library of Logic and 
Philosophy. 206 pp. Oxford University 
Press, 1980. $34.50, 

The issue of reductionism has had a 
continuous history in psychology since the 
celebrated disputes between followers of 
Descartes and Gassendi in the 17th cen¬ 
tury. Broadly framed, the issue pertains 
to the extent to which psychological 
phenomena are embraced and explained 
by the facts and principles of natural 
science, More specifically, the shifting 
fortunes of reductionism have been de¬ 
posited in the vaults of the neural sci¬ 
ences, serving as ready revenue for several 
forms of philosophical and psychological 
materialism. In his careful if occasionally 
dense analysis, Austen Clark attempts to 
show that traditional objections to 
reductionism have been prompted by 
misplaced fears and defended by argu¬ 
ments of doubtful logical coherence. His 
own approach to the issue of reductionism 
is indebted to various neopositivist for¬ 
mulations (of Carnap, Feigl, Nagel, et al.) 
supplemented by experimental findings 
in neurophysiology, neurology, and 
physiological psychology, The principal 
though tentative conclusion reached by 
the author is that an “explanatory re¬ 
duction” of psychology to the functions of 
the nervous system is a useful goal which 
cannot be legislated against a priori. 

In the course of reaching and defending 
this conclusion, Clark instructs the reader 
in the role of models and “model-reduc¬ 
tion” in the developed sciences, devoting 
an entire chapter to black box models 
which avail themselves of aspects of con¬ 
trol theory in an attempt to account for 
such phenomena as learning and moti¬ 
vation. With the same purpose he exam¬ 
ines the quaestio vexata of localization of 
function, only to arrive at the surprising 
notion that “both psychology and physi¬ 
ology aim at producing a unified account 
of the activity of the nervous system.” In 
the process, the reader is assured that the 
durable empirical inconsistencies in the 
localization literature are not fatal to 
explanatory reduction, as philosophers 
such as Fodor would have one believe. It 
is doubtful, however, that Fodor would 


agree that his argument is fully under¬ 
stood here, let alone refuted. 

There is frequent discussion of various 
types of identity theses, but the discussion 
is somewhat eccentric. The radical ver¬ 
sion, nowadays associated with the writ¬ 
ings of J. J. C. Smart, is not clearly set 
forth, and the less radical versions dis¬ 
cussed by Clark are not clearly established 
as identity theses. Clark recognizes that 
the requirement of a formal identity is 
simply too stringent in light of our limited 
knowledge, but in arriving at this judg¬ 
ment he fails to address those conceptual 
refutations that would remove the ques¬ 
tion entirely beyond the perimeter of ex¬ 
perimental science. One need only con¬ 
sider, for example, the alleged “incorrig¬ 
ibility” of cooperative first-person reports 
of sensation—an incorrigibility that at¬ 
taches to no other empirical report, in¬ 
cluding reports we might make about 
brains—to recognize that a strict identity 
(and its twin, eliminative materialism) 
may be provably false no matter what the 
scientists discover. 

One other serious omission has to do 
with the ageless but never trivial rea- 
sons-causes distinction, which attacks 
reductionism from still another side. 
Significant human actions, on this ac¬ 
count, can only be explained in the lan¬ 
guage of reasons, which do not follow the 
logic of causes; e.g., given a cause, the ef¬ 
fect follows, but given a reason nothing 
may ensue. On this same account, even if 
a causal reduction were effected, it would 
not result in an explanation of the phe¬ 
nomena in question but in their disap¬ 
pearance, One might have expected, no 
matter what the author’s estimation of 
such arguments might be, that so persis¬ 
tent an assault on reductionism would 
have earned sustained attention in a book 
of this sort, All in all, however, Clark has 
approached an extremely difficult and 
important issue in a systematic manner 
and has done much to clarify concepts 
that are all too often mismanaged and 
confused in the psychological litera¬ 
ture.—Daniel N, Robinson, Psychology, 
Georgetown University 


Constancy and Change in Human De¬ 
velopment. Orville G. Brim, Jr., and 
Jerome Kagan, eds. 754 pp. Harvard 

University Press, 1980. $27.50. 

Two issues pervade thought on human 
development—nature-nurture and con¬ 
stancy-change, Although the pendulum 
for each topic swings from one side to the 
other every so many decades, the debate 
will always be with us. This volume cele- 
brates the most recent reversal of thought. 
The historical emphasis on constancy in 
human development, reviewed from 
philosophical (Jerome Kagan) and his¬ 
torical (Everett Mendelsohn) stand-; 
points, is now being displaced by a new 
focus on change. 


Biologically, constancy and change are 
evaluated with respect to maturational 
timing (Stanley Garn), the development 
of the central nervous system (Donald 
Stein and Ronald Dawson), the endocrine 
system (Charles Doering), and physical 
health (Barbara Starfield and I. B, Pless). 
Behaviorally, mental development in 
childhood (Joachim Wohlwill) and 
adulthood (John Horn and Gary Do¬ 
naldson) and personality growth (Howard 
Moss and Elizabeth Susman) are covered, 
followed by consideration of values, atti¬ 
tudes, and beliefs (Norval Glenn), crimi¬ 
nal behavior (Hugh Cline), and educa¬ 
tional and occupational success (David 
Featherman). 

For the most part, the scholarship is 
impressive. Blurring important contrasts 
between disciplines, the chapters stress 
that predictions of later status, especially 
from infancy and early childhood, are too 
meager and too weak, and the evidence for 
certain remarkable changes throughout 
life is too strong, to support the historical 
faith in substantial constancy. People will 
always feel tugged one way by the need for 
a constant identity and the other way by 
their desire to strive beyond their current 
self. So will scholars who characterize 
human development, but one hopes this 
volume is not simply a sign that the com¬ 
pass of thought has quivered to the other 
pole. Rather, it should contribute to a 
permanent realization that human de¬ 
velopment is more individualistic, plastic, 
complex, and fascinating—if sometimes 
bewildering—than we once thought.— 
Robert B. McCall, Boys Town Center for 
the Study of Youth Development, Boys 
Town,ME 


Pavlovian Second-Order Condi¬ 
tioning: Studies in Associative Learn¬ 
ing. Robert A, Rescorla. MacEachren 
Lectures. 120 pp. Halsted Press, 1980. 
$14.95. 

The study of conditioning in animals 
has changed dramatically in the last 15 
years, and this change owes as much to 
Robert Rescorla as to any other man. A 
book by him, therefore, is likely to he a 
major event. Although its focus is nar- 
row-a series of experiments on second- 
order conditioning—there is much of 
value here. In first-order conditioning a 
neutral stimulus typically comes to elicit 
new, conditioned responses, because it 
signals the delivery of a reinforcing event 
which itself elicits those responses. In 
second-order conditioning, the neutral 
stimulus signals the delivery of another 
stimulus, which has acquired its rein¬ 
forcing properties by virtue of its past 
association with a reinforcer. Rescorla 
makes a good case for the theoretical 
benefits to be obtained from the study of 

second-order conditioning; the ability of 

one stimulus to reinforce conditioning to 
another provides a good measure of its 
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own past association with a reinforcer 
independent of any conditioned responses 
it may now elicit; in second-order condi¬ 
tioning we are free to manipulate various 
properties of the two initial neutral 
stimuli, in order to elucidate the circum¬ 
stances under which conditioning occurs, 
and what the associated events are when 
conditioning has occurred. 

The book is, in effect, a transcript of a 
series of lectures given at the University 
of Alberta. This should have permitted a 
certain informality and encouraged some 
general speculation. But although there 
is informality here, it is not always a vir¬ 
tue, for it amounts all too often to a rather 
casual presentation of crucial experi¬ 
mental detail, and general speculation has 
been ascetically forsworn, There is little 
reference to the work or ideas of others, 
and virtually no concession to the general 
reader, The book will be required reading 
for the specialist, but despite its clarity 
will hardly appeal to others. The pace is 
brisk and the focus determinedly experi¬ 
mental, Many of the experiments are in¬ 
genious, but their implications are not 
always immediately apparent, and the 
argument is often difficult. The lecture 
audience may have been exhilarated but 
must surely have often been baffled.— N. 
J. Mackintosh, Experimental Psycholo¬ 
gy, University of Sussex, Brighton, UK 


Psychopathology in Animals: Research 

and Clinical Implications. J. D. Keehn, 

ed. 334 pp. Academic Press, 1979. 

$25. 

The aim of this edited volume is to de¬ 
scribe the evidence for animal models of 
human psychopathology. Satisfactory 
animal models of human psychopatholo- 
gical conditions are important because 
they permit experimentation that can 
lead to therapeutic advances. The ideal 
model would be one in which the animal 
and human behavioral symptoms are 
identical, the etiology is the same, inde¬ 
pendent variables have the same effects, 
and therapeutic interventions accomplish 
the same results. Of course, none of the 
models are ideal, but reasonable models 
have been developed for depression, 
schizophrenia, drug addictions (including 
alcoholism), epilepsy, and phobias. 

The animal models of phobias, devel¬ 
oped from studies of avoidance learning 
during the last 40 years, are probably the 
most generally accepted, but the most 
convincing recent development is She¬ 
pard Siegel’s explanation of drug toler¬ 
ance and addiction in terms of the prin¬ 
ciples of classical conditioning. He dem¬ 
onstrates that the cues associated with the 
administration of morphine are critical 
determinants of the development of tol¬ 
erance in animals and then shows that 
independent variables known to have 


particular effects in other classical con¬ 
ditioning cases also affect drug toler¬ 
ance. 

Most of the other cases are less well 
worked out. For example, it is not certain 
whether the best animal model of human 
depression is one based on learned help¬ 
lessness, isolation, or pharmacological 
intervention. The best model of schizo¬ 
phrenia is one based on chronic adminis¬ 
tration of amphetamine, although it is 
difficult (but not impossible) to develop 
objective behavioral data from which to 
infer “hallucinations." 

The 13 chapters were written mainly by 
experimental psychologists, but the data 
described in some of the chapters come 
from observations of animals in their 
natural habitats. The book contains many 
ideas, and may increase research interest 
in the development of animal models of 
human psychopathology, The final 
chapter deals with ethical problems in 
animal experimentation.— Russell M. 
Church, Psychology, Brown University 


Comparative Methods in Psychology. 

Marc H. Bernstein, ed. Crosscurrents 

in Contemporary Psychology. 302 pp. 

Lawrence Earlbaum Associates, 1980. 

$24,95. 

The purpose of this collection is “to 
make available to the psychological 
community thoughtful essays that ex¬ 
amine the history, philosphy, theory, 
methodology, and experimentation rep¬ 
resentative of the major comparative 
methods.” It is organized into two major 
parts; principal comparisons, considering 
perspectives from animal behavior, de¬ 
velopmental and cross-cultural studies, 
and statistics; and derivative compari¬ 
sons, considered from the etholdgical and 
the cross-cultural perspective. 

There is little of philosophical interest 
in the volume, and the historical sections, 
while sound, are often redundant, The 
authors’ philosophical and historical 
discussions lead to no new insights, and 
the theoretical sections leave one with the 
misleading impression that few concep¬ 
tual advances have been made in recent 
times. 

Baldwin and Achenbach each consider 
the difficulties involved in the study of 
behavioral change over time, and there is 
some discussion of the relative merits of 
longitudinal and cross-sectional studies, 
Again, little emerges in the way of new 
insights, views, or resolutions. Both Jab- 
oda and Bornstein review the cross-cul¬ 
tural literature with a commendable 
sensitivityto anthropological as well as 
psychological concerns. 

Beer and Seitz put forth compelling 
arguments for a catholicity of methods to 
suit the level of inquiry and type of ques¬ 
tions at hand—a view seconded by Ach¬ 
enbach. Particularly useful is the brief 


review of statistical issues by Seitz. This 
is a good review of the strengths, weak¬ 
nesses, and pitfalls of univariate and 
multivariate statistical procedures, The 
presentation is clear and straightforward 
and will provide a good entry into the lit¬ 
erature for the uninitiated. 

Marler and his colleagues present a 
review of studies of development that 
have clear implications for the biological 
mechanisms involved. This chapter will 
be provocative for those not familiar with 
the current literature on such things as 
imprinting, bird song development, and 
the development of speech perception. 

The major shortcoming of the volume 
is that, in the interest of reviewing a broad 
range of topics, it does not communicate 
much in the way of intellectual excite¬ 
ment. It is a good review of extant ap¬ 
proaches to problems, but seldom does 
one sense the exhilaration of being on the 
cutting edge.— Lewis Petrinovich, Psy¬ 
chology, University of California, Riv¬ 
erside 


Autoshaping and Conditioning Theo¬ 
ry. C. M, Locurto, H, S, Terrace, John 

Gibbon, eds, 331 pp. Academic Press, 

1981. $30. 

In 1968, Brown and Jenkins observed 
that simply presenting pigeons with the 
illumination of a keylight followed im¬ 
mediately by food led the pigeons to peck 
that keylight, Although their interpreta¬ 
tion of the phenomenon (from which de¬ 
rived the name “autoshaping”) has not 
withstood experimental analysis, the 
phenomenon has generated substantial 
interest, 

There were two initial sources of that 
interest. One centered on the distinction 
between two widely recognized forms of 
associative learning, Pavlovian condi¬ 
tioning and instrumental (operant) 
learning. The procedure used by Brown 
and Jenkins was purely Pavlovian; 
yet they controlled behavior— keypeck- 
ing—which had long stood as the classical 
operant, The chapters here by Terrace, 
Locurto, and Williams testify to the con¬ 
ceptual difficulties this raised and to the 
sophistication with which autoshaping is 
now used in the analysis of the problem, 
The second source of interest lay in the 
renewed concern with the effect of bio¬ 
logical predispositions upon learned be¬ 
havior. Some authors have seen auto- 
shaping as evidence of “constraints” on 
learning, Wasserman’s. contribution 
captures this attitude and places it in a 
general evolutionary perspective. 

But autoshaping has clearly freed itself 
from these early sources of interest, The 
other contributions largely accept auto¬ 
shaping as a representative example of 
Pavlovian conditioning, They use it to 
develop a quantitative data base and 
formal theories of associative learning, In 
doing so, these authors consider three 
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issues which are currently of concern in 
Pavlovian conditioning generally: What 
circumstances produce associative 
learning (Jenkins; Barnes and Barrera; 
Gibbon and Balsam; Gibbon)? What is 
the nature of that learning (Tomie and 
Rashotte)? How does that learning show 
up in performance (Williams; Gibbon and 
Balsam)? 

This book reflects two major changes in 
the study of associative learning. First, 
modern studies of Pavlovian conditioning 
use novel preparations only recently de¬ 
veloped. Second, modern theories have 
become both more cognitive (emphasizing 
expectancies and informational relations) 
and more sophisticated. The excellent 
essays in this book capture much of the 
exciting change that has taken place in 
the study of associative processes in the 
last decade.— Robert Rescorla, Psychol¬ 
ogy, Yale University 

Pottery Technology: Principles and 

Reconstruction. Owen S. Rye. Manuals 

on Archeology, 4.150 pp. Washington, 

DC: Taraxacum, 1981. $18. 

This well-illustrated book is written by 
a professional potter who has conducted 
ethnographic field studies of traditional 
village potters in the Near East and 
Papua New Guinea. Designed for use by 
archaeologists interested in a better un¬ 
derstanding of the processes involved in 
making pots and directed toward a re¬ 
construction of the ancient potters’ 
techniques, it emphasizes the features 
observable on sherds that Rye has found 
most useful in technological studies on 
ancient pottery. The chapter on firing the 
wares is especially useful. This excellent, 
concise manual ends with two extended 
case studies, a glossary, and a compre¬ 
hensive bibliography,—Frederick R. 
Matson, Anthropology , The Pennsylva¬ 
nia State University 


The Method and Theory of V. Gordon 
Childe. Barbara McNairn. 184 pp. 
Columbia University Press, 1980. $8.50 
paper. 

A younger generation of archaeologists 
has recognized Gordon Childe as the 
leading thinker of their discipline in the 
first half of this century. This is the sec¬ 
ond of four books (one in Spanish) that 

will appear over a two-year period that are 

devoted exclusively to investigating his 
life and work. 

Each chapter examines a theme that 
was central to Childe’s thought: the rela¬ 
tionship between cultural development in 
prehistoric Europe and the Near East, the 
concept of culture, models and techno¬ 
logical and economic development, the 
nature of history and evolution, human 
knowledge, and Marxism. Because of the 
breadth, of Childe’s interests, only the first 


three chapters deal narrowly with ar¬ 
chaeological issues. McNairn demon¬ 
strates how Childe’s ideas about all these 
topics changed throughout his working 
life. She illustrates her arguments with 
many well-chosen extracts from his books 
and generally less well-known, but even 
more interesting, papers. Altogether these 
extracts constitute about half of her book. 
She also carefully assesses the inner logic 
and consistency of Childe’s thought and 
evaluates his final views in the light of 
current issues in archaeology. While her 
thematic approach has its strengths, there 
is also danger that the reader will fail to 
gain a holistic insight into Childe’s 
thought as it developed over time. 

Moreover, McNairn rarely indicates the 
sources of Childe’s ideas. For example, she 
does not point out that his early inter¬ 
pretations of European prehistory 
strongly resemble those of his Oxford 
mentor, John Myres. Nor does she indi¬ 
cate that the “oasis theory” of agricultural 
origins had been popularized in ar¬ 
chaeology prior to Childe’s adopting it. 
She also says nothing substantial about 
Childe’s career (not even mentioning 
where he worked), the books he read, or 
the scholars with whom he interacted. 
The reader is not informed which aspects 
of Childe’s thought were original to him. 
Nor is there any discussion of his field¬ 
work or how he analyzed archaeological 
material, although the typological method 
was crucial to his research, McNairn 
provides a summary of his theories and 


for the solution of general systems of 
nonlinear equations. The original impetus 
for this development was the problem of 
calculating a system of prices which bal¬ 
ances supply and demand in a general 
equilibrium model of an economy. In re¬ 
cent years a substantial number of other 
applications have been made. Fixed point 
methods have been shown to work well in 
problems involving up to 100 variables; in 
practice they are somewhat slower than 
Newton’s method but have the major 
advantage of being global in character and 
not requiring an accurate estimate of the 
true solution. 

The present volume presents a series of 
papers delivered at a symposium held at 
the University of Wisconsin in May 1979. 
The papers are of high quality and discuss 
a variety of methodological innovations 
and applications.—Herbert E. Scarf, 
Economics, Yale University 


The Radon Transform. Sigurdur Hcl- 
gason. Progress in Mathematics, 5.192. 
pp. Birkhauser Boston, 1980. $12 
paper. 


a function (which measures something 


(which may be the raw data available). A 
fashionable medical example is the re¬ 
construction for a CAT scan of a 2-di- 
mensional density function, which rep- 


general philosophy rather than of his 
methods. Yet, within these severe, self- 
imposed limits, she has produced a help¬ 
ful guide to the works of one of Western 
Europe’s leading Marxist social scien¬ 
tists.— Bruce G. Trigger, Anthropology, 
McGill University 


scanned, from its averages along lines, 
which are the x-ray data. In fact, this sort 
of reconstruction is an old story in math¬ 
ematics. It started with work of Radon 
published in 1917, found application in 
the theory of differential equations, was 
established in a geometric setting by 
Helgason in the 1960s, and has since 


Mathematics and 
Computer Science 

Analysis and Computation of Fixed 
Points. Stephen M. Robinson, ed. 
Mathematics Research Center Sym¬ 
posia and Advanced Seminar Series, 43. 
413 pp. Academic Press, 1980, $22,50. 


found further application in the repre¬ 
sentation theory of semisimple Lie 
groups. The book under review is an ex¬ 
cellent introduction to the analytic and 
geometric setting for that Radon trans¬ 
form theory. It is accessible to any careful 
reader with a solid standard mathemati¬ 
cal background that includes some dif¬ 
ferential geometry,—Joseph A, Wolf, 
Mathematics, University of California, 
Berkeley 


Brouwer’s fixed point theorem, first 
enunciated some 70 years ago, states that . 

a continuous mapping of a closed Ana Mic Number Theory: An Intro- 
bounded convex set into itself always has duction ' Richard Bellman. Mathe- 
at least one fixed point. Over the years mati , cs . Lecture Notes, 57. 195 pp. 
this basic result has been generalized in Bcnjamin/Cummings Publishing, Ad- 
many significant ways and used as an ex- vanced B °ok Program, 1980. $19.50. 


wwiiue ineorem m a number of fields. 


kf® 1( l ues used * n demonstrating me as a very sketchy fLt dmft not really 
fixed point theorems have been adapted suitable for a novice meeting the subject 
to provide effective numerical algorithms 


carefully and proved in detail, and some 
of the most important results in analytic 
number theory (including, for example, 
the prime-number theorem) are barely 
alluded to. 

The main positive aspects of the book 
are some interesting points of view on 
various topics for those who already know 
something about analytic number theory, 
a large number of interesting exercises, 
not all of which are carefully stated, and 
a huge number of references to the liter¬ 
ature. 

The devil-may-care style in which this 
book is written suggests that the author 
is not one of those who believe that there 
is no substitute for utter precision. How¬ 
ever, a reader with some previous knowl¬ 
edge of the subject and a relaxed attitude, 
who does not expect too much in the way 
of precise reasoning, can find some in¬ 
teresting material in it.— Paul T. Bate¬ 
man, Mathematics, University of Illi¬ 
nois 


| Introduction to Pseudodifferential 
■ and Fourier Integral Operators. 
Frangois Treves. University Series in 
Mathemtics. Volume 1: Pseudodiffer¬ 
ential Operators. 299 pp. $29.95. Vol, 2: 
Fourier Integral Operators. 649 pp. 
Plenum, 1980. $35. 

The elementary way to solve partial 
; differential equations is to separate vari- 
1 ables. Generally this amounts to using the 
j Fourier transform and is applicable to 
constant coefficient problems. The mod¬ 
ern refinements of the technique, appli¬ 
cable to rather general linear equations, 
:i have culminated in the theory of pseu¬ 
dodifferential and Fourier integral oper¬ 
ators. One wants to transform equations 
or to study the singularities of solutions, 
and the idea is to analyze the transfor- 
: ; mation operators or the solution opera¬ 
tors. The solution operators for elliptic 
and hypoelliptic equations are pseudo¬ 
differential operators; those for hyper- 
; holic equations and for some of the 
transformations one wants to make are 
Fourier integral operators. Both kinds are, 
formally, integral operators in which the 
: Fourier transform of the data is inte- 
, grated against the product of an ampli¬ 
tude function and an oscillatory terra, 
: : which are functions of both the original 
(position) variables and the Fourier 
. transform (momentum) variables, 

1 This account by Treves is the first ex- 
1 tensive treatment in English in book form, 

; It presupposes standard knowledge in real 
J and complex function theory and func- 
1 ! tional analysis, but is otherwise reason¬ 
ably self-contained. All the paradigmatic 
topics are treated, generally prefaced and 
motivated by discussion of an example, 
; Among the topics are parametrices and 
index theory for elliptic operators, 
: boundary value problems, hypoelliptic 


operators, analytic pseudodifferential and 
Fourier integral operators, One wants to 
transform equations or to study the 
singularities of solutions, and the idea is 
to analyze the transformation operators 
or the solution operators. The solution 
operators for elliptic and hypoelliptic 
equations are pseudodifferential opera¬ 
tors; those for hyperbolic equations and 
for some of the transformations one wants 
to make are Fourier integral operators. 
Both kinds are, formally, integral opera¬ 
tors in which the Fourier transform of the 
data is integrated against the product of 
an amplitude function and an oscillatory 
term, which are functions of both the 
original (position) variables and the 
Fourier transform (momentum) vari¬ 
ables. 

This account by Treves is the first ex¬ 
tensive treatment in English in book form. 
It presupposes standard knowledge in real 
and complex function theory and func¬ 
tional analysis, but is otherwise reason¬ 
ably self-contained. All the paradigmatic 
topics are treated, generally prefaced and 
motivated by discussion of an example. 
Among the topics are parametrices and 
index theory for elliptic operators, 
boundary value problems, hypoelliptic 
operators, analytic pseudodiffential op¬ 
erators, standard Fourier integral opera¬ 
tors, and Fourier integral operators with 
complex phase, Applications include ei¬ 
genvalue distributions and problems as¬ 
sociated with several complex variables, 
The treatment is dear and the bibliogra¬ 
phy extensive. These volumes will be a 
standard text and reference in the 
subject.™ Richard Beals, Mathematics, 
Yale University 


Continued Fractions: Analytic Theory 
and Applications. William B, Jones and 
W. J. Thron. Encyclopedia of Mathe¬ 
matics and Its Applications, 11.428 pp, 
Ad d is on - W esl ey/A d vanced Book Pro¬ 
gram, 1980, $37.50, 

This book contains many new devel¬ 
opments in its subject, with particular 
emphasis on applications in the physical 
sciences as well as on computational 
methods. It is a reference book for pure 
and applied mathematicians, theoretical 
physicists, chemists, and engineers with 
a good background in complex analysis, 
After an introduction and historical 
comments, the following subjects are 
covered: elementary properties of con¬ 
tinued fractions, periodic continued 
fractions, convergence of continued 
fractions with discussions of element re¬ 
gions and value regions, representation of 
analytic functions by continued fractions 
with discussions of.Padfi approximants 
and Pad<j tables, representation of certain 
special analytic functions, types of cor¬ 
responding continued fractions and re¬ 
lated algorithms, truncation error analy¬ 


sis, moment problems and asymptotic 
expansions, estimates of relative round¬ 
off error and applications, application of 
continued fractions to birth-death pro¬ 
cesses, and recent results oh certain con¬ 
tinued fractions, There are appendixes on 
a classification of special types of con¬ 
tinued fractions and on minimal solutions 
of three-term recurrence relations, a 
bibliography, and author and subject in¬ 
dexes.— Evelyn Frank, Mathematics, 
University of Illinois at Chicago Circle 


Graphs, Networks, and Algorithms. M. 

N. S. Swamy and K. Thulasiraman. 592 

pp. Wiley-Interscience, 1981. $37.50. 

This text is proposed as an introduction 
to graph theory and its applications for 
students of electrical engineering, com¬ 
puter science, and mathematics, but I 
would not recommend its use with the 
third group, for the style is verbose and 
pedestrian, a poor example to place before 
those who must master the art of concise, 
precise, polished mathematical exposi¬ 
tion, However, it does contain a thorough 
discussion of topics in graph theory and 
there are numerous exercises.—W. G. 
Brown, Mathematics, McGill Univer¬ 
sity 


Mathematical Foundations in Engi¬ 
neering and Science: Algebra and 
Analysis. Anthony N, Michel and 
Charles J. Herget, 484 pp. Prentice- 
Hall, 1981. $25.95. 

In spite of the rather all-inclusive title 
(surely, not even the authors would want 
to claim that they have covered the 
mathematical foundations of all of engi¬ 
neering and science!—recall Hamlet’s 
response to Horatio: “There are more 
things...,"), this book is a useful com¬ 
pendium of the mathematics of (mostly) 
finite-dimensional linear vector, spaces 
(plus two final chapters on infinite-di¬ 
mensional spaces), which do find in¬ 
creasing application in many branches of 
engineering and science. The book itself 
does not provide any examples, however, 
perhaps because that would have made it 
too large, The treatment is thorough; the 
book will certainly serve as a valuable 
reference,—A. V, Balakrishnan, Systems : 
Science, University of California, Los 
Angeles 


Life Testing and Reliability Estima¬ 
tion. S, K. Sinha and B, K, Kale. 196 
pp, Halsted Press, 1980. $16,95, 

Intended as an introductory text on the 
statistical theory of life distribution for 
graduate students in statistics, engineer¬ 
ing, or mathematics, this book deals with 
life lengths whose probability distribu¬ 
tions are exponential, gamma, Weibull, 
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normal, log normal, or mixtures of expo¬ 
nential or Weibull distributions. The 
emphasis is on estimation and hypothesis 
testing for each of the parametric families 
of distribution discussed. Considerable 
attention is given to inference from cen¬ 
sored samples, A chapter on Bayes esti¬ 
mation deals with exponential and Wei¬ 
bull lives. 

The presentation is limited to the spe¬ 
cific parametric families. More general 
nonparametric families, which have been 
extensively studied in recent litera¬ 
ture—e.g., ipr or IPRA distributions—are 
not considered. Reliability of multicom¬ 
ponent systems is discussed only for the 
special cases of series or parallel systems 
and only for components with exponential 
and Weibull distributions—Z, W. Birn- 
baum, Statistics, University of Wash¬ 
ington 

Search Games. Shmuel Gal. Mathe¬ 
matics in Science and Engineering, 149. 

216 pp. Academic Press, 1980. $20. 

This monograph considers the general 
problem of finding optimal search tra¬ 
jectories in order to locate a target, which 
is presumed hidden inside some subset of 
some finite-dimensional Euclidean space. 
Essentially three pairs of alternatives are 
considered: (1) the hider may be mobile or 
immobile; (2) the search space may be 
one-dimensional or multidimensional; (3) 
the search space may be bounded or un¬ 
bounded. 

Mathematically, this book is written at 
an advanced level: proofs are given in 
detail, with full rigor. The nonmathema¬ 
tician (and even the mathematician, for 
that matter) may wish to omit some or all 
of the proofs, On a heuristic level, the 
author gives a good interpretation of the 
problems considered. 

In general, the book gives a good over¬ 
view of the state of the art. This is not 
surprising, since the author is one of the 
most prolific research workers in the field. 

I could not help feeling, however, that the 
material was excessively abstract: the few 
really “interesting” games considered 
were mainly examples of unsolved prob¬ 
lems, Surely some heuristically interesting 
solved games exist,■ -Guillermo Owen, 
Mathematics, Naval Postgraduate 
School, Monterey, CA 

The Weil Representation, Maslov 
Index and Theta Series. Gerard Lion, 
Michele Vergne. Progress in Mathe¬ 
matics, 6.337 pp. Birkhauser Boston, 
1980. $16 paper. 

As I, Segal observed, the uniqueness of 
the Heisenberg commutation relations of 
quantum mechanics leads to a projective 
unitary representation (called in this book 
the Weil representation) of the symplectic 
group. This representation was first 
studied by D, Shale for the real symplectic 
group and by A, Weil for the symplectic 


group over a local field or the adeles of a 
number field. Shale was interested in 
quantum field theory, Weil in number 
theory. The rich structure of this repre¬ 
sentation has made it of continuing in¬ 
terest in both physics and mathematics. 

The book is divided into two parts. In 
the first, the authors provide a detailed 
construction of the Weil representation of 
the real symplectic group, including a 
formula for the associated cocycle in 
terms of the Maslov index (from the 
theory of Fourier integral operators). In 
the second part, Vergne gives some ap¬ 
plications of the Weil representation, first 
constructing theta series from highest- 
weight vectors and then proving some 
classical transformation laws for theta 
series. She also simplifies and extends the 
results of other authors on correspon¬ 
dences between modular forms. 

Unfortunately, the book is not very well 
written: there are problems of English 
usage and spelling, as well as some con¬ 
fusing arguments. However, its few pre¬ 
requisites and its mathematical insight 
recommend it quite highly to those in¬ 
terested in the Weil representation and its 
applications.— David Manderscheid, 
Mathematics, Yale University 


Incomplete Block Designs. Peter W. M. 
John, Lecture Notes in Statistics, 1,107 
pp. Marcel Dekker, 1980. $17.50 
paper, 

Incomplete is the one word which best 
describes this short volume. It is Hamlet 
without the Prince of Denmark. 

For the incomplete block designs the 
author uses parameters t, b, r, k, \ (using 
t for treatments rather than the more fa¬ 
miliar v for varieties). Here tr = bk,r(k - 
l) = X(£ - 1). He does not seem to know 
Richard Wilson’s result that for fixed k 
and \ and sufficiently large t, the design 
will exist. For symmetric designs with t = 
b and r - k, he notes that if £ is even, then 
k~\ must be a square. But although he 
lists the Chowla-Ryser paper of 1950, he 
does not quote their nonexistence theo¬ 
rem for the case when £ is odd. And in his 
discussion of orthogonal Latin squares he 
does not mention the Euler conjecture 
and its disproof in 1960 by Parker, Bose, 
and Shrikhande. This result and some of 
the others are included in the excellent 
1971 book by Raghavarao, which he 
praises but does not seem to have 
read.—Marshall Hall, Jr., Mathematics 
and Physics, California Institute of 
Technology 


Ramsey Theory. Ronald L. Graham, 
Bruce L. Rothschild, Joel H. Spencer. 
Series in Discrete Mathematics. 174 pp, 
Wiley-Interscience, 1980. $ 21 . 95 . 

“In any collection of six people, either 
three of them mutually know each other 


or three of them mutually do not know 
each other.” This statement, which begins 
the book, is the simplest, nontrivial in¬ 
stance of Ramsey’s Theorem. Ramsey’s 
Theorem in its general form says (where 
N is the set of positive integers): If/; and 
r are in N and the ^-element subsets of N 
are partitioned into r classes (or are “r- 
colored”), then there is an infinite subset 
of N all of whose -element subsets ore in 
the same class (or are “monochromatic”). 
Ramsey Theory consists of statements 
which read more or less like Ramsey’s 
Theorem. 

This book is a systematic exposition of 
the main results of finite Ramsey Theory, 
with a few excursions into the infinite. 
Except for the final chapter, where a 
knowledge of topology is assumed, all that 
is required of the reader is (quite a lot of) 
“mathematical maturity." The reader 
(not necessarily a mathematician) who 
enjoys challenging but simply stated 
mathematical problems will find most of 
this book both accessible and inter¬ 
esting. 

The proofs combine the necessary 
precision with informal discussion and 
diagrams designed to convey the ideas 
behind the proofs. There are a moderate 
number of typographical errors, but not 
so many as to impair readability seri¬ 
ously. 

For those of us who work in the field, 
this book is a long-awaited gathering of all 
of the basic results of Ramsey Theory into 
one readable book.-~M?t7 Hindman, 
Mathematics, Howard University 


Engineering and Applied 
Sciences 

Heat and Thermodynamics: An Inter¬ 
mediate Textbook, 6th ed. Mark W, 

Zemansky and Richard H. Dittman. 

543 pp. McGraw-Hill, 1981. $22.95. 

It is pleasant to meet an old and cher¬ 
ished friend resurrected, refurbished, in 
good health, but slimmed down. The first 
edition of this perennial appeared in 
1937—that is, 44 years ago! It has enjoyed 
great popularity most of the time and 
some popularity all of the time. What is its 
secret? The strong and lasting appeal of 
the book is in the basic philosophy with 
which it treats important facta and prin¬ 
ciples of physics. The exposition is dear, 
simple, and direct and is refreshingly free 
of the sterility that has crept into the 
subject during the last 15 years or so as a 
result of an excessive fondness for the 
axiomatic approach, which sacrifices the 
study of living physics to a preoccupation 
with ‘ proving theorems” and formulating 
restrictions on constitutive laws" that, 
with few exceptions, has proved of little 
use outside a closed circle of contribu¬ 
tors. 


iff?: American Scientist, Volume 69 


The present edition is more than WO 
pages shorter than its predecessor of 13 
years ago, as well as more austere, in 
keeping, I suppose, with the nation's re¬ 
duced economic circumstances. It gives 
the impression of being even slimmer 
than it is because of its thinner paper and 
more modest binding. The authors accu¬ 
rately describe the pared-down text as 
about 50% thermodynamics, 37% "heat," 
10% statistical mechanics, and 3% kinetic 
theory. There is the usual complement of 
problems, with answers to a selected set 
relegated to the end of the book. Merci¬ 
fully, the narrative is not interrupted with 
(often trivial) examples, as has become 
the custom lately. 

An old friend will not mind if I com¬ 
plain that the related concepts of equi¬ 
librium versus nonequilibriuin states, 
entropy production, “entropy of the uni¬ 
verse" and dissipation, and reversible, 
irreversible, and quasi-static processes arc: 
discussed disjnintly, without their essen¬ 
tial unity coming plastically to the fore. I 
am also unconvinced that we shall ever 
learn to “perforin experiments on heat 
engines and refrigerators at negative 
tern peratures," when "it will truly lie fun 
to be an engineer." However, I immensely 
enjoyed finding the latest installment of 
the “journey toward absolute zero” in the 
Finnish achievement off) X 1()*" H °K. Fi¬ 
nally, I suggest that the time lias come to 
introduce time explicitly into the teaching 
of thermodynamics. Joseph Kestin, 
Engineering, Brown University 


A Heat Transfer Textbook. John 

I.ienhard. 516 pp. Prentice-Hall, 11)81. 

824.95. 

Hooks on engineering heat transfer 
cover the entire spectrum from encyclo¬ 
pedias of empirical correlation formulas 
in ready-to-use form to treatises on 
mathematics applied to the partial dif¬ 
ferential equation of heat diffusion. This 
new text, which will serve well in a mod¬ 
ern mechanical engineering undergrad¬ 
uate program, provides a balanced ac¬ 
count of the tools of mathematical anal¬ 
ysis, numerical methods, and the rational 
correlation of experimental dat a applied 
to important problems of heat diffusion, 
convection, and radiation. The author 
assumes that the student lias completed 
about two years of calculus as well as a 
course in thermodynamics and one in 
fluid mechanics, and that he will take a 
separate course in engineering mass 
transfer. 

Among the noteworthy strengths of this 
text are: effective new chapters on boiling 
heat transfer and numerical methods (the 
latter contributed by It. Eichhorn); in¬ 
clusion of recently developed convective 
heat transfer correlation formulas, based 
on rational asymptotic behavior, covering 
broad parameter ranges; presentation of 


correction factors to extend commonly 
treated limiting cases; a treatment of 
single-phase natural convection and film 
condensation that exploits their intrinsic 
similarity; a refreshing range of new il¬ 
lustrative figures, including novel heat 
exchangers and results of How visualiza- 
lion research; interesting historical foot¬ 
notes on heal, transfer pioneers; compre¬ 
hensive citations of the relevant elemen¬ 
tary, advanced, and historically signifi¬ 
cant literature; pedagogically useful hints 
on problem-solving, the cautious use of 
heat transfer correlations, etc. 

Although the author has chosen to omit 
several important topics in the modeling 
and correlation of energy transport in 
turbulent flows (including the universal 
“law-of-the-waH" and its heat transfer 
implications for constant turbulent 
Brandt,I number), the text is more than 
sufficiently comprehensive and self-con¬ 
tained for its intended purpose, and its 
mastery will leave undergraduate engi¬ 
neering students with a well-earned sense 
of accomplishment and a solid foundation 
on which to build .'-Daniel B. Rosner, 
Engineering and Applied Science, Yale 
University 


Laser and Electron Beam Processing 
of Materials. C. W, White and P, S. 
Peerey, eds. Proc. Hymp., Cambridge, 
MA, 11)79, 769 pp, Academic Press, 
1980. $40, 

Ah a collection of the 106 papers pre¬ 
sented at the symposium sponsored by 
the Materials Research Society, which 
attracted most of the active workers in the 
field of beam processing, this book accu¬ 
rately represents the state of this rapidly 
growing field. 

Most of the papers concern the appli¬ 
cation of cw and pulsed lasers or electron 
beams to semiconductors. These energy 
sources provide rapid, localized heating of 
the surface, ideal for applications such ats 
removal of the crystal lattice damage 
caused by ion implantation. The rate of 
heating and cooling achievable with 
pulsed sources also makes possible doping 
well in excess of equilibrium solid solu¬ 
bility limits. This reduces resistivity and 
improves ohmic contacts, particularly for 
compound semiconductors. The cw 
sources provide surface heating that is 
used to anneal out implant damage or to 
modify deposited thin films. With this 
technique, large enough silicon crystal 
grains have been grown on amorphous 
substrates for useful MOS. transistors. 
About 20*1 of the papers consider mate¬ 
rials other than semiconductors, such as 
silicides, metals, and alloys, 

In general, the papers are clearly writ¬ 
ten, and many report significant advances 
in this technology or our understanding 
of it, The large number of papers on sim¬ 
ilar topics makes this volume primarily 


useful to specialists who must keep 
abreast of others’ work, but the 15 invited 
papers that summarize the major areas of 
activity provide a reasonable overview of 
the field,--E. A. Lemons, Bell Labora¬ 
tories, Holmdel, NJ 


High Pressure Science and Technol¬ 
ogy, Vols. 1 & 2. B, Vodar and Ph. 
Marteau, eds, Proc. Internat. Conf,, 
AiRAPT and EHPRG, Le Creusot, 
France, 1979.1121 pp. Pergamon Press, 
1980. $200 set, 

High pressure as a tool for the study of 
matter is becoming as useful as tempera¬ 
ture and very low pressure, Until the end 
of World War II, the most prolific inves¬ 
tigator of high pressure phenomena was 
Bridgeman, There were other practi¬ 
tioners of the art, like Gibson and Go- 
ransen, but the measurements made at 
that time were almost exclusively P-V and 
electrical conductivity measurements. 
Some primitive measurements utilizing 
other techniques, such as low dispersion 
absorption spectroscopy, were available, 
The wide variety of measurement 
techniques now possible is demonstrated 
in these two volumes of proceedings, 
covering 35 topics in 265 papers that 
represent the state of the art at the time 
of the conference. In addition, the ac¬ 
ceptance speech of Boris Vodar on the 
occasion of the award of the Bridgeman 
medal is reprinted, The contributions il¬ 
lustrate measurements as low as a few 
tens of atmospheres and as high as a mil¬ 
lion atmospheres. The temperatures at 
which the experiments are carried out 
vary from that of helium to temperatures 
well over 1000°, Some of the contributions 
are purely theoretical and others com¬ 
pletely technical One section deals with 
topics normally considered to be solid 
state physics; another discusses organic 
synthesis, Both mechanical and engi¬ 
neering subjects are included. 

Investigators whose interests are pri¬ 
marily in high pressure research will find 
these volumes valuable, The much larger 
group who have never been exposed to the 
variety of techniques and possibilities of 
high pressure work could very well find 
many suggestions as to how their work 
could benefit by the addition of high 
pressure techniques,—George Jura, 
Chemistry, University of California , 
Berkeley 


Solar Materials Science. Lawrence E. 

Murr, ed. 788 pp. Academic Press, 

1980435, 

An interesting introduction to some of 
the materials problems posed by solar 
technology is offered in a series of wide- 
ranging lectures presented at the New 
Mexico Joint Center for Materials Science 
by experts in each of the areas. The editor 







has done an admirable job of organizing 
and integrating the lectures to give the 
book some coherence. The character of 
the chapters varies, ranging from detailed 
descriptions of thermal storage salts 
(complete with tables of heats of fusion to 
four significant figures) to a broad, qual¬ 
itative overview of the types of corrosion 
and degradation problems encountered in 
solar technology. 

t The book proports to be a “formal ve¬ 
hicle introducing the basic concepts of 
materials science,” in addition to dis¬ 
cussing different technologies in some 
detail, As such, it includes some rather 
sketchy introductory material in several 
of the areas and even contains a section of 
problems at the end, But it is extremely 
difficult to make a lucid, let alone ele¬ 
mentary, textbook out of a series of spe¬ 
cialized articles, and in that respect I don’t 
believe the book succeeds, However, parts 
of it could be useful in materials science 
courses where specific solar technological 
examples are desired. The book should be 
most useful to materials scientists of 
varied backgrounds who are unfamiliar 
with the particular materials require¬ 
ments encountered in solar energy col¬ 
lection and conversion. The book is well 
referenced for those interested in probing 
more deeply into any of the areas cov¬ 
ered.—Victor E. Henrich, Engineering 
and Applied Science, Yale University 


Rheology, Giovanni. Astarita, Giuseppe 
Marrucci, Luigi Nicolais, eds, Vol. 1: 
Principles. 421pp. $50. Vol. 2: Fluids. 
677 pp. $55. Vol. 3: Applications. 785 
pp. $55. Plenum, 1980. 

Each leap year, during the waning days 
of summer, the international rheological 
community pauses in its individual pur¬ 
suits to convene in some congenial envi¬ 
ronment so as to give its membership an 
overview of the current state of the art, 
Here, collected for contemporary re¬ 
searchers and posterity, is the written 
record of the 8th International Congress 
of Rheology held in Naples, Italy, in 
September 1980. The 1883 pages con¬ 
tained in these three volumes consist of 
invited lectures, contributed papers, and 
abstracts of papers that failed to make the 
rigorous preprinting deadline. Remark¬ 
ably, these attractively produced, hard¬ 
bound volumes, produced from camera- 
ready copy, were already available to the 
participants at the time of the original 
meeting. 

Clearly the high point of the sympo¬ 
sium was provided by the 17 invited lec¬ 
tures contained in the first 300 pages of 
Volume 1, which include contributions 
from such internationally distinguished 
rheologists as C. A. Truesdell, A. Silber- 
berg, P. G. DeGennes, K. Walters, R. B, 
Bird, S. Onogi,B. D. Coleman, and others 
of similar stature. Readers able to afford 


only one volume of the set should cer¬ 
tainly opt for this one. Indicative of the 
high quality and enthusiastic spirit of the 
entire undertaking, as well as of the per¬ 
sonal pleasure experienced by the re¬ 
viewer in perusing these volumes, is the 
charmingly written Preface. Perhaps the 
following quotation from the conclusion 
of that Preface will induce the well-heeled 
reader to rush right out to his favorite 
bookseller, checkbook or credit card in 
hand: “Finally, we want to express our 
most sincere wishes of success to whoever 
will be in charge of organizing the 9th In¬ 
ternational Congress in 1984. Based on 
our own experience, and in view of the 
Orwellian overtones of the date, we can¬ 
not avoid being pleased at the thought 
that whoever it is, it will not be us,”— 
Howard Bremer, Chemical Engineering, 
University of Rochester 


Fundamentals of Maxwell’s Kinetic 
Theory of a Simple Monatomic Gas, 
Treated As a Branch of Rational 
Mechanics. C. Truesdell and R. G. 
Muncaster. Pure and Applied Mathe¬ 
matics. 593 pp. Academic Press, 1980. 
$54. 

This book is more likely to be looked at 
than read, because the notoriety it is cer¬ 
tain to acquire can only divert attention 
from its scientific content. Furthermore, 
the style and unfamiliar notation and 
nomenclature do not always convey easily 
the true sense of the subject necessary to 
convert the browser into a serious reader, 
It is unfortunate that the authors have not 
been content to present their point of view 
and their results with considerable energy 
and wit but have felt the need to criticize 
relentlessly much of the existing corpus of 
the kinetic theory of gases in a distinctly 
unpleasant manner. 

The purpose of the book is to present a 
mathematically rigorous theory of rare¬ 
fied gases following Maxwell’s treatment, 
based on the transfer equations obtained 
from the Boltzmann equation, with an 
emphasis on Maxwell molecules, Ther¬ 
mal-fluid macroscopic theories are pre¬ 
sented in some detail in the early chap¬ 
ters, using the concept of continuum me¬ 
chanics developed by Truesdell and oth¬ 
ers and called by Truesdell “Rational 
Mechanics.” The Boltzmann equation is 
introduced in a unique and direct manner, 
and its basic properties are thoroughly 
discussed, Particularly noteworthy are a 
new proof for the most general form of the 
summational invariants and a compre¬ 
hensive treatment of the H-theorem that 
includes the role played by the boundary 
conditions in determining the approach 
to equilibrium. 

The main body of the book is devoted 
to examining the field equations derived 
from the Boltzmann equation and the 
relationship of these to the macroscopic 
constitutive equations. The central issue 


confronted here is: Within what precise 
limit(s) does classical hydrodynamics 
hold, and how do we describe a system 
where these conditions do not hold? This 
problem is studied in great detail by a 
variety of methods, with full attention to 
such technical matters as existence and 
convergence of solutions, and a number of 
explicit results are obtained for nontrivial 
special flows. One interesting result is the 
derivation of the exact Krook-Wu solu¬ 
tion for Maxwell molecules, using a gen¬ 
eralization of the method of Grad. 

A great deal of interesting historical 
material is contained in the numerous 
footnotes. The referencing is somewhat 
biased but quite extensive, and the book 
does not really suffer in this regard. Al¬ 
though not a book to be recommended to 
the neophyte, it could be read profitably, 
cum grano salis, by those with some prior 
knowledge of the kinetic theory of 
gases .—Stewart Harris, Mechanical 
Engineering, SUNY—Stony Brook 


Crystal Growth, 2nd ed. Brian R. Pam- 

plin, ed. Science of the Solid State, 16. 

609 pp. Pergamon Press, 1980. $140. 

Following the wisdom of the first two 
sentences in the Preface to the first edi¬ 
tion, I asked a few students majoring in 
science to read and evaluate the second 
edition of Crystal Growth . The “Academy 
of Ideas” thus created formulated the 
following collective opinion: 

Most of the 16 articles in this timely 
and useful volume are about crystal- 
growth techniques (three articles cover 
the more or less related areas of nucle- 
ation and growth mechanisms, hydrody¬ 
namics of growth, and analysis of crystal 
quality). The contributors’ knowledge and 
experience are dauntingly extensive. In a 
developing field like this one, where few 
if any practitioners are expert in all of the 
diverse methods employed, it is a good 
thing to have a reference book this up- 
to-date and accessible. Most of the au¬ 
thors have taken pains to present the es¬ 
sentials of their topics without overly 
detailed elaboration, and all have in¬ 
cluded generous bibliographical cita¬ 
tions, 

There are, however, some defects. In a 
collaborative effort, a certain unevenness 
of presentation is inevitable, but not as 
much as Pamplin has allowed. The book 
is a good example of a problem familiar to 
crystal growers—nudeation. Individually, 
the authors have, for the most part, ar¬ 
ranged their material in internally sym¬ 
metric structures, but the book as a whole 
is at best polycrystalline. As the seed, as 
it were, of the project, the editor should 
have imposed more order oh the finished 
W a prior total scheme was too re¬ 
strictive, then some editorial zone refining 
(local melting and recryst'allization) 
should have been undertaken after the 
articles were submitted. Had it succeeded, 


we might have feceived the book on 
crystal growth that I was hoping to review, 
one I could recommend to curious col¬ 
leagues and students. As it is, I can only 
encourage libraries to give it space on 
their shelves, confident that it will be 
consulted by both master and apprentice 
solid state scientists.— Stanley Mrocz- 
kowski, Engineering and Applied 
Science, Yale University 


Theory of Vibration with Applica¬ 
tions, 2nd ed. William T. Thomson. 493 

pp. Prentice-Hall, 1981. $24.95. 

Mechanical Vibrations, published in 
1948, was an excellent textbook, emi¬ 
nently successul in presenting the fun¬ 
damentals of vibration theory by applying 
rational analysis to fundamental princi¬ 
ples. Since then, the author has published 
revisions in 1953,1965,1972, and now this 
updated version. 

The present edition, like the earlier 
books, is a well-presented, logically orga¬ 
nized learning tool, which begins with the 
simplest concepts and progresses to a 
relatively advanced level, touching on 
essentially all important phenomena and 
methods in the process. Thomson has 
deleted some outdated material (on 
electromechanical analogies and tabular 
anti graphical calculation methods, for 
example) and added some new topics (for 
example, digital computer flow charts and 
programs, random vibrations, and non¬ 
linear oscillations). Matrix methods are 
used extensively, and, with their aid, 
modal techniques are presented in some 
depth. 

The SI system of units is introduced, 
but English units are also used, Numerous 
instructive, interesting problems appear 
at the end of each chapter. Reference lists 
and appendixes on Laplace transforma¬ 
tion, determinants, and matrices make 
this a self-contained text that will prove 
a boon to beginning students, as well as a 
guide and reference tool for advanced 
students and practitioners.— Eric E. 
Ungar, Bolt Beranek and Newman, Inc., 
Cambridge, MA 


The Art of Electronics. Paul Horowitz 
and Winfield Hill. 716 pp. Cambridge 
University Press, 1980. $24.96. 

This book is aptly titled, for it deals 
with the design, construction, and use of 
a wide variety of electronic circuits, but at 
the same time requires almost no prior 
knowledge of electronics or higher math¬ 
ematics. It was written as a text for a 
university course in laboratory electron¬ 
ics, intended for both undergraduate and 
graduate students having little specialized 
background, but seeking concentrated 
information they can readily assimilate. 
The book begins with a quick intro¬ 


duction to electric circuits and the ele¬ 
ments that are used to compose them. It 
quickly moves into diodes, transistors, 
and integrated circuits, and their many 
uses, including amplifiers, oscillators, 
filters, power supplies, digital circuits, 
minicomputers, and microprocessors. 
There is very practical information on 
component selection, construction tech¬ 
niques, noise reduction, measurements, 
and signal processing. There are tables of 
data about many currently available 
electronic devices. There are continuing 
suggestions about the practical use of 
these devices, the sort of problems that 
may arise, and the way to go about dealing 
with these problems 
The book differs from the usual college 
text on transistor circuits in its practical 
orientation and its assumption of little 
background knowledge, It differs from the 
usual how-to-do-it book for amateurs in 
that it is aimed at students with interests 
in designing and using electronic circuits 
of considerable sophistication. Its easily 
readable style and wide coverage should 
make it useful either as a textbook or a 
reference book for both the beginner and 
the practicing engineer or scientist— W. 
J. Cunningham, Electrical Engineering, 
Yale University 



History and Philosophy of 
Science 


Science and Polity in France at the 
End of the Old Regime. Charles 
Collision Gillispie. 601 pp. Princeton 
University Press, 1980. $40. 

This is an important contribution to 
the history of French science and to the 
history of France in a period when state 
recognition and utilization of science was 
increasingly significant, The development 
of government policies that would en¬ 
courage and direct science toward useful 
applications, the concomitant develop¬ 
ment of professional status for scientists, 
of state owned industries, including those 
of Sdvres and the Gobelins, and of civil 
and military engineering schools, all 
support Gilllspie’s thesis that French 
science from Turgot to the Revolution of 
1789 was much involved in the affairs of 
the nation. 

The book is organized to demonstrate 
this involvement. The First part deals with 
the reciprocal relations between the state 
and science, commencing with Turgot and 
his reforms, and moving on to the Acad¬ 
emy of Sciences, the Observatory of Paris, 
the Jardin du Roi, and other “classical” 
institutions, The next section includes 
two chapters on the professions, one 
major chapter on science and medicine, 
and another on scientists and charla- 
tana—inevitably including both Mes¬ 


merism and Jean Paul Marat, who here 
receives more than twice the attention 
devoted to the Academy of Sciences, The 
final part, on applications, deals with 
trades and agriculture, industry and in¬ 
vention, and engineering. 

Gillispie has made the history of science 
part of general history by examining 
events and institutions, and this has en¬ 
abled him to show how science worked, in 
production, in education, and in govern¬ 
ment. Governmental and professional 
factors go far to explain the centralization 
of French science and education, and the 
integration in the mind of the scientist of 
knowledge, industry and government., 
This book comprehensively and success¬ 
fully portrays science and scientists 
working and developing in and for society, 
and it should be read by all who are in¬ 
terested in this theme,— Trevor H. Lev- 
ere, Institute for the History and Phi¬ 
losophy of Science and Technology, 
University of Toronto 


Paradigms and Revolutions: Applica¬ 
tions and Appraisals of Thomas Kuhn’s 
Philosophy of Science, Gary Gutting, 
ed. 339 pp, University of Notre Dame 
Press, 1980. $18.95 cloth, $7,95 paper. 
Thomas Kuhn’s Structure of Scientific 
Revolutions is probably the most influ¬ 
ential book of the past twenty years, It has 
been attacked, interpreted, and misin¬ 
terpreted, while thinkers in many fields 
have attempted to adapt its key ideas to 
their own disciplines and for their own 
purposes, Gutting’s book is a collection of 
evaluations and applications of Kuhn’s 
ideas and includes pieces by philosophers, 
social scientists, humanists, and histori¬ 
ans of science, The quality of the authors’ 
understanding of Kuhn varies, but this is 
appropriate, since Gutting’s aim is to 
provide a sampling of applications and 
appraisals, 

For those who wish to get Kuhn 
straight, the most significant essay in the 
book is Gutting’s Introduction, which 
attempts to correct many standard mis¬ 
understandings. Particularly important 
is his insistence that Kuhn, while rejecting 
the view that scientific decisions are 
governed by rule, does not conclude that 
such decisions are irrational. Rather, sci¬ 
entific rationality rests in the professional 
judgment of the members of the relevant 
community. .Gutting also emphasizes that, 
although for Kuhn paradigms cannot be 
evaluated against neutral data or rules, it 
does not follow that they cannot be eval¬ 
uated at all; that what Kuhn terms nor¬ 
mal science does not suppress novelty but 
plays a key role in generating innovations; 
and that the recognition of a social com¬ 
ponent in the choice of a theory does not 
require that such choice be understood 
only in sociological terms. Gutting’s In¬ 
troduction should be required reading for 
any serious student of Kuhn, 
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The essays by Heidelberger on the Co- 
pernican revolution and by Greene on the 
Darwinian revolution challenge Kuhn’s 
thesis that new paradigms develop in re¬ 
sponse to crises. Kuhn’s own recent book 
on quantum theory also suggests that a 
crisis may sometimes occur only after a 
revolutionary set of ideas has been pro¬ 
posed .—Harold I, Brown, Philosophy, 
Northern Illinois University 


The Red Notebook of Charles Darwin. 

Sandra Herbert, ed. 164 pp. Cornell 

University Press, 1980. $19.50. 

Darwin opened a red notebook on the 
last leg of the Beagle voyage, and he con- 
tinued to write in it for the first eight 
months after, his return to England. His 
interest was almost entirely geological, 
and on a grand scale—he sought a theory 
of elevation and subsidence of great tracts 
of the earth, powered by currents in its 
fluid interior. These notes are extremely 
elliptical, and Herbert has done a superb 
job of tracking down obscure references; 
thanks to her efforts, the jottings are more 
or less understandable. Still, this book will 
be accessible only to the reader who has 
more than a passing acquaintance with 
either the experiences and ideas of the 
young Darwin or the state of geology in 
the 1830s. 

Of special interest are less than a 
thousand words concerned with the 
transmutation of species. These words, 
written well after his return to England, 
are the earliest evidence of Darwin’s 
theorizing on this subject. He is far from 
his theory of natural selection at this 
point. Saltations, racial senescence, and 
quinarism, a peculiar school of system¬ 
atica that was then popular, all play a 
part. Herbert chooses not to make the last 
point in her meticulous but perhaps 
overly cautious Introduction. These dif¬ 
ficult passages have been explicated in an 
important paper by David Kohn, “Theo- 
ries to Work By” (Studies in the History 
of Biology 4, 1980).—.S'fan Rachootin, 
Biological : Sciences, Mount Holyoke 
College : 


Time, Causality, and the Quantum 
Theory, Vols. 1 & 2. Henry Mehlberg. 
Robert S. Cohen, ed. 303 pp. and 292 
pp. D.Reidel, 1980, $103.50 cloth, set, 
333 paper, set. 

In this two-volume opus by Henry 
Mehlberg, Volume 1 contains the first 
English translation of his somewhat 
modified classic, Essai sur la Iheorie 
causale du temps, written between 1935 
and 1937, Part 1 of this volume discusses 
the physical aspects of the causal theory 
of time in the works of its principal rep¬ 
resentatives, while Part 2 presents an 
unusually penetrating discussion of the 
psychophysical aspects of time, with two 


supplementary essays on psychophysical 
parallelism. 

Volume 2, written in English between 
1966 and 1969, contains Parts 3 and 4, the 
former presenting five essays in the phi¬ 
losophy of science: an excellent defense of 
a realistic interpretation of quantum 
mechanics, the presentation of an in¬ 
deterministic principle of causality, an 
alternative axiomatization of the relativ¬ 
istic theory of space-time, an analysis of 
the laws of nature and time’s arrow, and 
a discussion of the symmetry of time and 
the branch hypothesis. Part 4 includes an 
emended and enlarged discussion of time 
in terms of its measurement, ontological 
status, reality, causal nature, symmetry, 
and psychology with the conclusion that 
“processes violating the symmetry of time 
occur only locally” while “universal time 
has no arrow.” These two volumes are an 
outstanding contribution to the ongoing 
discussion of the status of time in con¬ 
nection with recept developments in 
physics, of which Mehlberg had a pro¬ 
found understanding, and a memorial to 
a remarkably gifted philosopher of 
science .—Richard H. Schlagel, Philoso¬ 
phy, The George Washington Univer¬ 
sity 


When the Twain Meet: The Rise of 
Western Medicine in Japan. John Z, 
Bowers. 173 pp. Johns Hopkins Uni¬ 
versity Press, 1980. $14. 

_ The author’s interest in the introduc¬ 
tion of Western medicine into Japan was 
stimulated during the two years (1962-64) 
he served as visiting professor at Kyoto 
National University. After publishing 
Medical Education in Japan in 1965, 
Bowers broadened the scope of his studies 
and published Western Medical Pioneers 
in Feudal Japan in 1969, Thus the vol¬ 
ume now under review is the third in a 
series concerned with the history of 
medicine in Japan, with emphasis on the 
impact of European medicine on a system 
derived from China in the seventh cen- 
turyA.D. 

For those who may not have read his 
previous two books, Bowers provides the 
background information necessary to 
follow the later events covered in this 
volume, beginning with Otto Mohniki 
(1814-87), Who arrived in Japan in 1848. 
Then came J, K. van den Broek (1814-65) 
and the rise of technology in Japan, fol¬ 
lowed by William Willis (1837-93) and 
the introduction of British medicine. In 
1870 the Japanese government decided to 
adopt German medicine; the major em¬ 
phasis is therefore on developments led by 
German professors. When the last Ger¬ 
man on the medical faculty of the Uni¬ 
versity of Tokyo retired in 1901, Japanese 
medical science no longer required Eu¬ 
ropean teachers, and the process of 
Westernization was essentially complete. 
In a brief Epilogue, Bowers comments on 


the significance of the rise of Western 
medicine in Japan and analyzes the rea¬ 
sons for the choice of German medicine aa 
that best suited to carry Japanese medi¬ 
cine rapidly to world prestige. 

Bowers is to be commended for having 
accumulated such an impressive amount 
of information about the final phases of 
the Westernization of Japanese medicine. 
However, although much of the material 
is interesting, the reader may have diffi¬ 
culty keeping track of the main events 
because of the frequent interruptions for 
background explanations and biograph¬ 
ical sketches. Those with a special interest 
in the history of Japanese medicine will 
find this volume a valuable resource. The 
author has provided abundant footnotes, 
a bibliography, and an index.—S. II. 
Bruesch, Anatomy, The University of 
Tennessee Center for the Health Sci¬ 
ences , Memphis 


Albert Einstein’s Special Theory of 
Relativity: Emergence (1905) and 
Early Interpretation (1905-1911). Ar¬ 
thur I. Miller. 466 pp. Addison-Wes- 
ley/Advanced Book Program, 1981 
$39.50 cloth, $27.50 paper. 

In 1968, Gerald Holton, the author’s 
teacher, published a paper tracing Ein¬ 
stein’s intellectual development from the 
phenomenology of Ernst Mach to the ra¬ 
tional-realism of the neo-Kantians. Mil¬ 
ler, now a professor at Harvard, shows 
that Einstein was a follower of Kant from 
his youth and provides three pieces of 
supporting evidence: Einstein’s 1905 
paper on relativity has the tight axiomatic 
structure of a Kantian treatise; Einstein’s 
reaction to contradictory experimental 
data is one of disdain (characteristic of 
Kantians); Einstein read Kant’s Critique, 
of Pure Reason as a teenager and praised 
it. 

Shortly after the publication of Ein¬ 
stein’s 1905 energy-mass paper, the ex¬ 
perimentalist Walter Kaufmann revealed 
that his data contradicted the Lorentz- 
Einstein equation, Men of lesser minds, 
namely Lorentz and Poincar6, who were 
too dependent on the empirical data to be 
good. Kantians, caved in, but Einstein, 
certain of the logic and the foundations of 
his theory, challenged Kaufraann’s results 
and was vindicated. 

Because of the internal coherence of the 
1905 relativity paper (in the Kantian 
mode), it can be read not just as science 
but also as literature, and this is Miller’s 
intention (again under Holton’s original 
direction). If literary critics can write a 
volume of commentary on a single poem, 
why shouldn’t Miller write a 400-page 
volume of criticism about a paper as 
brilliant as Einstein’s? Why not indeed! 

In Hollywood literature, the hero has a 
worthwhile purpose, is frustrated three 
times, faces the “black moment,” and 
then triumphs. In Greek tragedy, on the 


other hand, the hero at the end'discovers 
his flaw, and his world collapses in chaos 
around him. Toward the end of his life, 
things did not go well for Einstein. There 
was the setback at the Solvay Conference 
of 1927 and again in 1930, the frustration 
over the unified field theory, the regret 
over having written that letter to Roose¬ 


velt about the bomb, and the disap¬ 
pointment that Arab -Israeli relations 
were not working out peacefully. Ein¬ 
stein’s life was not all triumph. There was 
a flaw in his Kantian epistemology, which 
surfaced in 1927 and which had its roots 
back in the 1905 relativity paper. Miller 
has deliberately cut his story off at 1911, 


when Einstein, at 32, was at the peak of 
his powers, Miller’s book, like most Har¬ 
vard productions, is well done, but 
Sophocles would have pursued the tragic 
flaw in Einstein’s epistemology a little 
more deeply ,—George Grinnell, History 
of Science, McMaster University, Ham¬ 
ilton, Ontario 
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From the Inside Out: A Self-Teaching 
and Laboratory Manual for Biofeed¬ 
back. 431 pp. Plenum. $22.50 paper. 

Pilivin, Jane Allyn, et al. Emergency In¬ 
tervention. 293 pp. Academic Press. 
$21.50. 

Pines, Ayala M., & Elliot Aronson. 
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Growth. 229 pp. Free Press. $17,95. 

Reader, John. Missing Links: The Hunt 
for Earliest Man. 272 pp. Little, 
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Robson, J. R. K, ed. Food, Ecology and 
Culture: Readings in the Anthropology 
of Dietary Practices. 143 pp. Gordon 
and Breach, 1980. $27.50, 

Rye, Owen S. Pottery Technology:Prin¬ 
ciples and Reconstruction. Manuals on 
Archeology, 4.160 pp. Washington, DC: 
Taraxacum. $18. 

Sanford, A, J., & S. C. Garrod. Under¬ 
standing Written Language: Explo¬ 
rations of Comprehension Beyond the 
Sentence. 224 pp, Wiley. $33.95. 

Schiffer, Michael B., ed. Advances in 
Archaeological Method and Theory, 
Vol. 4.443 pp, Academic Press. $38. 

Tedeschi, James T., ed. Impression 
Management Theory and Social Psy¬ 
chological Research, 369 pp. Academic 
Press. $29.50. 

Turchin, Valentin. The Inertia of Fear 
and the Scientific Worldview. Trans. 
Guy Daniels. 300 pp, Columbia Uni¬ 
versity Press. $19.95. 

Vento, F. J, et al. Excavations at Dam- 
eron Rockshelter (15J023A) Johnson 
County, Kentucky. Ethnology Mono¬ 
graphs, 4. 234 pp. Department of An¬ 
thropology, University of Pittsburgh, 

Wright,^red.'cfaries Bahn, Robert W 
Richer, eds. Forensic Psychology and 
Psychiatry. Annals of the New York 
Academy of Sciences, 347. 364 pp. 
NYAS, 1980. $58. 



Mathematics and 
Computer Science 


Arthanari, T. S., & Yadolah Dodge. 
Mathematical Programming in Sta¬ 
tistics. Probability and Mathematical 
Statistics. 413 pp, Wiley. $28.95, 
Conolly, Brian, Techniques in Opera¬ 
tional Research, Vol. 2: Models, Search 
and Randomization. Ellis Horwood 
Series in Mathematics and Its Appli¬ 
cations. 338 pp. Halsted Press, 
$77.95. . n , 

Cooper, James W. Introduction to Pascal 
for Scientists. 260 pp. Wiley- Inter¬ 
science. $19.95, 


Cornell, John A, Experiments with Mix¬ 
tures: Designs, Models, and the Anal¬ 
ysis of Mixture Data, Probability and 
Mathematical Statistics. 305 pp. 
Wiley-Interscience. $30.95. . 

Draper, Norman, & Harry Smith. Ap¬ 
plied Regression Analysis, 2nd ed. 
Probability and Mathematical Statis¬ 
tics. 709 pp, Wiley. $24,95. 

Friedman, Paul. Computer Programs in 
BASIC. A Spectrum Book. 271 pp. 
Prentice-Hall. $19.95. 

Haken, H., ed. Pattern Formation by 
Dynamic Systems and Pattern Rec¬ 
ognition. Synergetics, 5. 303 pp. 
Springer-Verlag, 1979. $34. 

Haraux, Alain. Nonlinear _ Evolution 
Equations: Global Behavior of Solu¬ 
tions. Lecture Notes in Mathematics, 
841. 312 pp. Springer-Verlag. $18 
paper. 

Hinchey, Fred A, Introduction to Appli¬ 
cable Mathematics, Part 1: Elemen¬ 
tary Analysis. 288 pp. Halsted.Press, 
1980. $19.95. 

Johnson, LeRoy F., & Rodney H, Cooper. 

, File Techniques for Data Base Orga¬ 
nization in COBOL. 368 pp. Prentice- 
Hall. $19.95, 

Karlin, Samuel, and Howard M, Taylor. 

A Second Course in Stochastic Pro¬ 
cesses. 542 pp. Academic Press. $35. 
Kolman, Bernard, & Arnold Shapiro. 
College Algebra and Trigonometry, 
506 pp. Academic Press. $19.95. 

Levine, Gustav. Introductory Statistics 
for Psychology: The Logic and the 
Methods. 496 pp. Academic Press, 
$11,75 paper. 

Levy, George C., & Dan Terpstra, eds. 
Computer Networks in the Chemical 
Laboratory. 221 pp, Wiley-Inter¬ 
science, $27.50. 

Meek, H.R. Scientific Analysis for Pro¬ 
grammable Calculators: Programming 
Techniques, Science and Engineering 
Applications. 175 pp. Prentice-Hall 
$15.95 cloth, $7.95 paper. 

Muchnick, Steven S., & Neil D, Jones, 
eds, Program Flow Analysis: Theory 
■ and Applications. 418 pp. $23,50. 
Mulier-rreiffer, Erich. Spectral Theory 
of Ordinary Differential Operators. 
Ellis Horwood Series in Mathematics 
and Its Applications. 247 pp. Halsted 
Press. $56.95. 

Peterson, James L. Petri Net Theory and 
the Modeling of Systems. 290 pp, 
Prentice-Hall. $22,95, 

Singer, Ivan. Bases in Banach Spaces 2. 

880 pp, Springer-Verlag. $78. 

Todd, John. Basic Numerical Mathe¬ 
matics, Vol. 1: Numerical Analysis. 
International Series of Numerical 
Mathematics, 14. 263 pp. Academic 
Press, 1979. $24. 

Wakerly, John F. Microcomputer Archi¬ 
tecture and Programming. 692 pp, 
Wiley. $27.95. 

Weir, Maurice D. Calculator Clout: Pro¬ 
gramming Methods for Your Pro¬ 
grammable. 235 pp. Prentice-Hall. 
$17.95 cloth, $8.95 paper. 

Weldon, Jay-Louise. Data-Base Admin¬ 
istration. Applications of Modem 
Technology in Business. 250 pp, Ple¬ 
num, $22,50. : 

Zacks, Shelemyahu, Parametric Statis¬ 
tical Inference: Basic Theory and 
Modern Approaches. International 


Series in Nonlinear Mathematics: 
Theory, Methods, and Applications, 4, 
387 pp. Pergamon Press. $48, 


Engineering and Applied 
Sciences 

Balje, O. E. Turbomachines: A Guide to 
Design, Selection, and Theory. 513 pp. 
Wiley-Interscience, $49,95. 

Bartlett, Ronald E. Surface Water Sew¬ 
erage, 2nd ed. 147 pp. Halsted Press, 
$34.95. 

Berenguier, C„ ed, Advances in Tun¬ 
nelling Technology and Surface Use, 
Vol. 1, No. 1,83 pp, Pergamon Press, 
$80 trimestral subscription, 

Bessant, J. R., et al. The Impact of Mi¬ 
croelectronics: A Review of the Liter¬ 
ature. Pica Special Study. 174 pp, 
Universe Books. $25. 

Cherry B. W, Polymer Surfaces. Solid 
State Science Series. 161 pp, Cam¬ 
bridge University Press. $37.50 cloth, 
$14,95 paper, 

Churchill, Stuart Winston, The Practical 
Use of Theory in Fluid Flow, Book 1; 
Inertial Flows. 156 pp. Thornton, PA: 
Etaner Press. $15. 

Cogswell, F. N, Polymer Melt Rheology: 
A Guide for Industrial Practice, 178 
pp. Halsted Press, $49.95. 

Cooper, P, F., & B. Atkinson, eds, Bio¬ 
logical Fluidised Bed Treatment of 
Water and Wastewater. 411 pp. 
Halsted Press. 

Croome, Derek J,, & Brian M. Roberts, 
eds, Airconditioning and Ventilation 
of Buildings, Vol. 1,2nd ed. Heating, 
ventilation and Refrigeration, 14.575 
pp, Pergamon Press. $50, 

Davison, Sidney G„ ed. Progress in Sur¬ 
face Science, Vol, 9.268 pp. Pergamon 
Press. $93. 

De Sa, A. Principles of Electronic In¬ 
strumentation, 280 pp, Halsted Press, 
$29,95 paper, 

Egan, William F, Frequency Synthesis by 
Phase Lock, 279 pp. Wiley-Inter¬ 
science. $29,95. 

Elliott, Martin A., ed, Chemistry of Coal 
Utilization, 2d supplementary vol, 
2374 pp. Wiley-Interscience, $165. 
Fernandes, Eduardo de Oliveira, James E. 
Woods, Andr6 P. Faist, eds, Building 
Energy Management: Conventional 
and Solar Approaches, Proc. Internal, 
Congress, P6voa de Varzim, Portugal, 
1980.1147 pp. Pergamon Press, $160. 
Forester, Tom, ed. The Microelectronics 
■ Revolution: The Complete Guide to 
the New Technology and Its Impact on 
Society, 589 pp. MIT Press. $25 cloth, 
$12.50 paper. 

Gaskell, David. R. Introduction to Met¬ 
allurgical Thermodynamics, 2nd ed. 
Materials Science and Engineering, 611 
pp, Hemisphere/McGraw Hill. $29,95. 
Grady, C. P. Leslie, Jr., & Henry C. Lim, 
eds, Biological Wastewater Treatment, 
Theory and Applications. Pollution 
Engineering and Technology, 12.963 
pp. Marcel Dekker, 1980, $75, 

Granet, Irving, Fluid Mechanics for En¬ 
gineering Technology, 2nd ed. 385 pp. 
Prentice-Hall. $19,95, 

Green, Norman B, Earthquake Resistant 
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Building Design and Construction, 
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Gregory, B. A, An Introduction to Elec¬ 
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ment Systems, 2nd ed. 446 pp. Halsted 
Press. $29,95 paper. 

Hammond, P. Energy Methods in Elec¬ 
tromagnetism. Monographs in Elec¬ 
trical and Electronic Engineering. 180 
pp. Oxford University Press. $55. 

Harman, Richard T. C. Gas Turbine En¬ 
gineering: Applications, Cycles and 
Characteristics. 270 pp. Halsted Press. 
$29.95 cloth. 

Helcke, George. The Energy Saving 
Guide: Tables for Assessing the Prof¬ 
itability of Energy Saving Measures 
with Explanatory Notes and Worked 
Examples. 224 pp. Pergamon Press. 
$45 cloth, $15.50 paper. 

Heldman, Dennis R., & R. Paul Singh. 
Food Process Engineering, 2nd ed, 415 
pp. Avi. $24 paper. 

Hwang, Ned H. C. Fundamentals of Hy¬ 
draulic Engineering Systems. 367 pp, 
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Japan National Committee for Theoret¬ 
ical and Applied Mechanics, Science 
Council of Japan. Theoretical and 
Applied Mechanics, Vol. 29. Proc. 29th 
National Congress, 1979.487 pp. Uni¬ 
versity of Tokyo Press. $89.50. 

Jenkins, S. H., ed. Treatment of Domestic 
and Industrial Wastewaters in Large 
Plants. Proc, Conf., Vienna, 1979,773 
pp. Pergamon Press. $90. 

Kahng, Dawon, ed. Silicon Integrated 
Circuits, Part A. 416 pp, $51. Part B: 
297 pp. $39. Applied Solid State 
Science: Advances in Materials and 
Device Research, Supplement 2. Aca¬ 
demic Press. 

Kaye, Seymour M. Encyclopedia of Ex¬ 
plosives and Related Items, Vol. 9 
(ADA 097595). 906 pp. Springfield, VA: 
National Technical Information Ser¬ 
vice, 1980. $42,50. 

King, Ronold W, P,, & Glenn S. Smith, 
Antennas in Matter: Fundamentals, 
Theory, and Applications. 868 pp. 
MIT Press. $75. 

Klitz, J. Kenneth. North Sea Oil: Re¬ 
source Requirements for Development 
of the UK. Sector. 260 pp. Pergamon 
Press, 1980. $36. 

Koelle, Dietrich E., & George V. Butler, 
eds. Shuttle/Spacelab: The New- 
Transportation System and Its Utili¬ 
zation. Proc. 3rd DGLR/AAS Symp., 
Hannover, 1980. Advances in the As¬ 
tronautical Sciences, 43,329 pp. San 
Diego: American Astronautical Society. 
$45 cloth, $35 paper. 

Kong, J. A., ed, Research Topics in 
Electromagnetic Wave Theory. 355 pp, 
Wiley-Interscience. $32,50, 

Kreuzer, H, J, Nonequilibrium Thermo¬ 
dynamics and Its Statistical Founda¬ 
tions. 438 pp, The Physics and Chem¬ 
istry of Materials. Oxford University 
Press. $69. 

Lenczner, David. Movements in Build¬ 
ings, 2nd ed. 110 pp. Pergamon Press, 
$17 cloth, $12 paper. 

Leondes, C. T,, ed, Control and Dynamic 
Systems: Advances in Theory and 
Applications, vol, 17.424 pp, Academic 
Press. $32.50, 

Leskiewicz, H. J., & M. Zaremba, eds. 


Pneumatic and Hydraulic Compo¬ 
nents and Instruments in Automatic 
Control. Proc. IFAC Symp., Warsaw 
Technical Univ. 1980.280 pp, Perga¬ 
mon Press. $75. . 

Leslie, William C, The Physical Metal- 
, lurgy of Steels. Materials Science and 
. Engineering. 396 pp. Hemisphere/ 
McGraw-Hill. $29.50. 

McLucas, John L., & Charles Sheffield, 
eds, Commercial Operations in Space: 
1980-2000. 18th Goddard Memorial 
Symposium. Science and Technology 
Series, 51.201 pp. San Diego: American 
Astronautical Society. $30 cloth, $20 
paper. 

McPherson, George, An Introduction to 
Electrical Machines and Transform¬ 
ers. 557 pp, Wiley, $25,95, 
Malushitsky, Yu. N. The Centrifugal 
Model Testing of Waste-Heap Em¬ 
bankments. Trans, David R. Crane, 206 
pp; Cambridge University Press, $72. 
Manassah, Jamal T,, ed, Alternative 
Energy Sources. Proc, Symp,, KFAS, 
Kuwait, 1980. Part A. $49.50. PartB. 
$45.922 pp, Academic Press. 

Martin A. E., ed. Emission Control 
Technology for Industrial Boilers, 
Pollution Technology Review, 74. En¬ 
ergy Technology Review, 62,405 pp) 
Noyes Data, $48. 

Martuscelli, Ezio, Rosario Palumbo, 
Marian Kryszewski, eds. Polymer 
Blends: Processing, Morphology, and 
Properties. Proc. 1st Italian-Polish 
Symp., Capri, 1979, 510 pp, Plenum, 
1980. $59.50. 

Mohsenin, Nuri N. Thermal Properties 
of Foods and Agricultural Materials, 
407 pp, Gordon and Breach, 1980, 
$53. 

Napolitano, L, G., ed, Advances in Earth 
Oriented Applications of Space 
Technology, Vol, 1, No. 1.96 pp, Per¬ 
gamon Press. $80 quarterly subscrip¬ 
tion. 

National Research Council. Prudent 
Practices for Handling Hazardous 
Chemicals in Laboratories, 291 pp, 
National Academy Press, $12, 

O’Neill, Gerard K. 2081: A Hopeful View 
of the Human Future. 284 pp, Simon 
and.Schuster. $13,95, 

Pierce, Allan D. Acoustics: An Introduc¬ 
tion to its Physical Principles and 
Applications. Mechanical Engineering. 
642 pp, McGraw-Hill. No price given, 
Ravi, K, V. Imperfections and Impurities 
in Semiconductor Silicon. 379 pp, 
Wiley-Interscience. $39,50, 

Riggs, Olen L,, Jr., & Carl E. Locke, An¬ 
odic Protection: Theory and Practice 
in the Prevention of Corrosion, 284 pp. 
Plenum. $39,50, 

Ritter, Paul. Concrete Fit for People: A 
Practical Introduction to a Bio-Func¬ 
tional Eco-Architecture for the Third 
Millennium A.D.112 pp, Pergamon 
Press, 1980. $36. 

Rosauer, Elmer A, Instruments for Ma¬ 
terials Analysis, 198 pp. Iowa State 
University Press, $16,25. 

Schubert, Richard C., & L. D, Ryan. 
Fundamentals of Solar Heating. 319 
pp, Prentice-Hall. $23.95, 

Scott, Ronald F, Foundation Analysis. 
Civil. Engineering and Engineering 
Mechanics, 545 pp, Prentice-Hall, 
829.95, 


Sors, Lazio, Laszlo Bardocz, Istvan Rad- 
notii Plastic Molds and Dies. 495 pp. 
Van Nostrand Reinhold. $34.50. 

Spalding, D. Brian, & N. H. Afgan, eds. 
Heat and Mass Transfer in Metallur¬ 
gical Systems, Proceedings of the In¬ 
ternational Centre for Heat and Mass 
Transfer, 11. 758 pp. Hemisphere. 
$85.50. 

Teja, A. S., ed. Chemical Engineering and 
the Environment. Critical Reports on 
Applied Chemistry, 3.100 pp. Halsted 
Press. $27.95 paper. 

Teo, B. K„ & D. C. Joy, eds. EXAFS 
Spectroscopy: Techniques and Ap¬ 
plications. Proc. Symp., Materials 
Research Society, Boston, 1979.275 pp. 
Plenum. $32.50. 

Williams, John C., ed. Preservation of 
Paper and Textiles of Historic and 
Artistic Value 2, Advances in Chem¬ 
istry, 193.355 pp. American Chemical 
Society. $44.75. 


History and Philosophy of 
Science 


Bruce-Chwatt, Leonard Jan, & Julian de 
Zulueta. The Rise and Fall of Malaria 
in Europe: A Historico-Epidemiologi- 
cal Study. 240 pp. Oxford University 
Press, 1980. $36. 

Cantor, G. N., & M. J. S. Hodge, eds. 
Conceptions of Ether: Studies in the 
History of Ether Theories 1740-1900. 
351 pp. Cambridge University Press. 
$50. 

Goodchild, Peter. J. Robert Oppen- 
heimer: Shatterer of Worlds. 301 pp. 
Houghton Mifflin, 1980, $15. 
Goodfield, June. Reflections on Science 
and the Media. 113 pp, Washington, 
DC: AAAS. $9 paper. 

Guggenheim, Karl Y, Nutrition and 
Nutritional Diseases: The Evolution 
of Concepts. 378 pp. Lexington Books. 
$21.95. 

Lyte, Charles. Sir Joseph Banks: 18th 
Century Explorer , Botanist and En¬ 
trepreneur. 248 pp. David & Charles. 
$32 cloth. 

Smith, Cyril Stanley. From Art to 
Science: Seventy-Two Objects Illus¬ 
trating the Nature of Discovery, 118 
pp. MIT Press, 1980. $25. 

Smith, Cyril Stanley. A Search for 
Structure: Selected Essays on Science, 
Art, and History. 410 pp. MIT Press. 
$30. 

Swain, Roger B. Earthly Pleasures: Tales 
from a Biologist's Garden .' 198 pp. 
Charles Scribner’s Sons. $9.95, 

Turner, Gerard VE, Collecting Micro¬ 
scopes, Christie’s International Col¬ 
lectors Series, 120 pp. Mayflower 
Books. $14.95, 

Wallace, William A. Prelude to Galileo: 
Essays on Medieval and Sixteenth- 
Century Sources of Galileo's Thought. 
Boston Studies in the Philosophy of 
Science, 62.369 pp. D, Reidel. $49.95 
cloth, $23,50 paper, 

Wilford, John Noble. The Mapmakers. 
414 pp. Knopf, $20. 

Woolf, Harry, ed. The Analytic Spirit: 
Essays in the History of Science, 363 
pp. Cornell University Press. $26. 
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A Message from the Executive Director 

If I am to understand Sigma Xi’s needs and to serve the Society effectively, 
it seems essential that I should visit as many chapters and clubs as possible, 
especially during my first year as Executive Director, By next spring I expect 
to have visited a substantial number of Sigma Xi groups in all six regions of 
the continent, although this will still represent only a small proportion of the 
500 or so chapters and clubs in North America, 

The first of these tours, in northern Illinois and Michigan (North Central 
region), took place in late September, I shall be in the Northwest region in 
November and the Mid-Atlantic region in December. Already, however, it 
is evident that even a brief visit to a chapter or club (in North Central I aver¬ 
aged three visits a day) provides a valuable opportunity to answer questions, 
convey information, and exchange ideas with chapter and club officers about 
Sigma Xi’s future. The decentralized structure of the Society, and its de¬ 
pendence within that structure on the efforts and enthusiasm of local officers 
working in their spare time, means that breakdowns in communication are 
always a danger and frequently a fact, “House calls,” even brief ones, may help 
to avoid some of these problems. 

I returned from the North Central region with several general impressions, 
many specific suggestions, and (until the airlines found it) no luggage. There 
is evidently great pride in all Sigma Xi’s activities: American Scientist , the 
Grants-in-Aid of Research program, the National Lectureships, and the im¬ 
mense variety of events organized by chapters and clubs. But there is also a 
clear feeling that Sigma Xi could and should develop additional activities. 

In particular, there is a widespread belief that Sigma Xi should expand its role 
in what is usually termed “Science and Society.” This of course begs the 
question “What do you mean by Society?” For Sigma Xi it may mean, in 
particular, high school students. What is the difference between science and 
pseudoscience? If scientific research in the latter part of the twentieth century 
is no longer a matter of dropping objects from the Tower of Pisa, or of indi¬ 
vidual researchers blowing their own glassware, what does it now involve and 
what are its main objectives? How does a student become a research scien¬ 
tist? 

If Illinois and Michigan are a representative sample, chapters and clubs are 
keen to provide answers to these questions, but they look to Sigma Xi as a 
whole to provide a general framework for Science and Society activities, 

C. Ian Jackson 
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Keech McIntosh and Roderick J. McIntosh on p. 602. 
(Photo courtesy of H. Lhote.) 
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1981 Annual Meeting 

A full report of the Annual Meeting just 
concluded in St. Louis will appear In the 
January-February 1982 issue of Ameri¬ 
can Scientist. The timing of publication 
schedules permits only the announce¬ 
ment in this issue of certain important 
actions taken by the 1981 Assembly of 
Delegates. 

The Assembly of Delegates by plurality 
elected: 

President-elect to serve until 30 June 
1983: 

John W. Prados, University of Tennessee 
Chapter 

Treasurer to serve until 30 June 1986: 
Gordon B. Carson, Midland Chapter 

Directors-at-Large to serve until 30 June 
1987: 

James H. M. Henderson, Tuskegee 
Institute Chapter 

Hal G. Moore, Brigham Young University 
Chapter 

Regional Delegates, attending their re¬ 
spective Regional Assemblies, by plurali¬ 
ty elected the following Regional Direc¬ 
tors to serve until 30 June 1987: 

North Central Region 

John W„ Lucey, University of Notre 

Dame Chapter 

Northeast Region 

Barbara R. Eaton, Emmanuel College 
Club 

Mid-Atlantic Region 

John W. Rowen, DOE/NRC Club 


Dues and fees for 1982-83 

The Assembly of Delegates, on the rec¬ 
ommendation of the Board of Directors, 
approved an increase in dues from the 
current $15 to $20 a year. Life member¬ 
ship will remain at $300 for the present. 
The share of dues devoted to Local Sup¬ 
port will be increased from its present 
level of $3 to $4, and a new formula has 
been adopted for the allocation of these 
funds, so that the amount received by 
smaller chapters and clubs will be in¬ 
creased substantially. 

George W. Beadle receives 
Procter Prize 


abolic reactions and was recognized in 
the Nobel Prize for Physiology and Medi¬ 
cine in 1958. Elected to Sigma Xi by the 
University of Nebraska In 1926, he has 
contributed to American Scientist and 
was a National Lecturer in 1945 and 
1977-78. Emeritus President of the Uni¬ 
versity of Chicago, sometime Director of 
the Institute of Biomedical Research, 
American Medical Association, he con¬ 
tinues hls lifetime studies on the origin of 
corn, ‘The Mystery of Maize.'" Illness 
prevented Dr. Beadle from traveling to 
St. Louis, so his address to the Society, 
"Recollections of a Geneticist,” was 
read on his behalf. 


Sigma XI awarded its highest honor, the 
Procter Prize, to Dr. George Wells Beadle 
on Saturday evening, 17 October. The 
citation accompanying the prize stated 
that Dr. Beadle’s "early life on a farm in 
Nebraska led to agricultural and genetic 
research at Cornell University and the 
California Institute of Technology. His 
work at Stanford University with Edward 
L. Tatum laid the foundations of our un¬ 
derstanding of the genetic control of met- 


The recipient of the Procter Prize selects 
a younger scholar who gives promise of 
significant future research contributions 
to receive a special $2,000 Grant-In-Aid 
of Research. Dr. Beadle has chosen Dr. 
Elliot Meyerowitz, of the California Insti¬ 
tute of Technology, to receive this award. 
Dr. Meyerowitz's research interests In¬ 
clude the molecular genetics of Dro¬ 
sophila. 

C.I.J. 
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There is a vacancy at the Headquarters 
Office of the Society for a senior staff 
member, to act as Director of Program 
Development. Among other duties, the 
person appointed will, under the direc¬ 
tion of the Executive Director, be re¬ 
sponsible for maintaining and devel¬ 
oping links between the Headquarters 
Office and the 500 chapters and clubs 
in North America, and with other orga¬ 
nizations, The appointee will also play a 
key role in the development and imple¬ 
mentation of Sigma XI activities under 
the heading of "Science and Society," 
especially in improving the under¬ 
standing of science and scientific re¬ 
search among nonscientists, 

Essential qualifications include broad 
scientific education and experience; in¬ 
novative and managerial ability; a talent 
for writing; and the capacity to repre¬ 


sent the Society and to explain its ob¬ 
jectives and activities to both scientists 
and nonscientists. Desirable qualifica¬ 
tions Include membership in Sigma XI, 
a record of postgraduate scientific re¬ 
search, and also experience in program 
development and management, includ¬ 
ing direction and supervision of other 
staff, The position may be of particular 
interest to scientists with research de¬ 
grees and about seven to ten years of 
subsequent work experience. The post 
involves some travel. Salary and other 
benefits will be appropriate to the posi¬ 
tion and to the qualifications of the per¬ 
son appointed. Further Information can 
be obtained from the Executive Direc¬ 
tor, to whom applications should be 
submitted by 31 December 1981 (tele¬ 
phone 800-243-6534 or write to 345 
Whitney Avenue, New Haven, CT 


Southwest Region 

Mary Lee Barber, California State Uni- 
versity-Northridge Chapter 




The Critical Interval 

There has long been a need in the industrial world for 
low-cost, high-performance permanent magnets. Recent 
discoveries at the General Motors Research Laboratories 
show promise of meeting this challenge by the application 
of new preparation techniques to new materials. 


Goercivity Variation 



| DISC SURFACE VELOCITY (m/s) | 

Coercivily of Pr;,, Fc^ptotled as a function of 
; disc surface velocity 

Cobr-enlmced transmission electron micrograpli 
of melt-spun Nd u Fe M having 7.5 kOe coercivily 


1 WO properties characterize 
desirable permanent mag¬ 
nets: large coercivity (magnetic 
hardness or resistance to demag¬ 
netization) and high remanence 
(magnetic strength), Higher-per¬ 
formance magnets are required to 
reduce further the size and weight 
of a wide variety of electrical 
devices, including d.c, motors. 
Such magnets are available, but 
the cost of the materials necessary 
to produce them severely limits 
their use, The research challenge 
is to select, synthesize, and mag¬ 
netically harden economically 
attractive materials of comparable 
quality, 

Prominent among alterna¬ 


tive materials candidates are alii lys 
composed of iron and the abundant 
light rare earths (lanthanum, 
cerium, praseodymium, neodym¬ 
ium). Investigations conducted by 
I)rs, John Croat and Jan Herbst at 
the General Motors Research 
Laboratories have led to the dis¬ 
covery of a method for magneti¬ 
cally hardening these alloys. Hy 
means of a rapid-quench tech¬ 
nique, the researchers have 
achieved coereivities in Pr-Fe and 
Nd-Fe that are the largest ever 
reported for any rare earth-iron 
material. 

Drs. Croat and Herbst 
selected praseodymium-iron and 
neodymium-iron based upon fun¬ 
damental considerations which 
indicate that these alloys would 
exhibit properties conducive to 
permanent magnet development. 
These properties include ferro¬ 
magnetic alignment of the rare 
earth and iron magnetic moments, 
which would foster high reman* 
ence, and significant magnetic 
anisotropy, a crucial prerequisite 
for large coercivity. 

That these materials do not 
form suitable crystalline com¬ 
pounds, an essential requirement 
for magnetic hardening by tradi¬ 
tional methods, presents a major 
obstacle. Drs, Croat and Herbst 
hypothesized that a metastable 
phase having the necessary prop* 
perti'es could be formed by cooling 
a molten alloy at a sufficiently 


rapid rate. They tested this idea by 
means of the melt-spinning tech¬ 
nique, in which a molten alloy is 
directed onto a cold, rotating disc, 
The cooling rate, which can be 
varied by changing the surface 
velocity of the disc, can easily 
approach 100,000°C per second. 
The alloy emerges in the form of a 
ribbon. 


4 HE researchers found that 
Variations of the cooling rate 
can dramatically affect the mag- 
• netic properties of the solidified 
f alloys. In particular, appreciable 
: coercivity is achieved within a nan 
J row interval of quench rate, 
f Equally remarkable, synthe- 

1 sis and magnetic hardening, two 
steps in conventional processing, 

| can be achieved simultaneously, 
f. ‘'X-ray analysis and electron 

I microscopy of the high coercivity 
t alloys reveal an unexpected mixed 
; microstructure,” states Dr. Croat. 

"We observe elongated amorphous 
|, regions interspersed with a crys¬ 
talline rare earth-iron compound.” 

. Understanding the relation- 
| ship between the coercivity and 
I the microstructure is essential. 
| -the two scientists are now study¬ 
ing the extent to which the coerci¬ 
vity is controlled by the shape and 
composition of the. amorphous and 
crystalline structures 
\ "The development ot sig- 
. nificant coercivity is >n important 


and encouraging step," says Dr, 
Herbst, "but practical application 
of these materials requires 
improvement of the remanence. 
Greater knowledge of the physics 
governing both properties is the 
key to. meeting the commercial 
need for permanent magnets," 


THE 
MEN 
BEHIND 
THE 
WORK 

Drs. Croat and 
Herbst are Staff 
Research Scien¬ 
tists in the Phys¬ 
ics Department 
at the General Motors Research 
Laboratories. 

Dr. Croat (right) received his 
Ph.D, in metallurgy from Iowa 
State University, His research 
interests include the magnetic 
magneto-elastic and catalytic prop 
erties of pure rare earth metals and 
their alloys and compounds. 

Dr. Herbst (left) received his 
Ph.D. in physics from Cornell Uni 
versity. In addition to the magne 
tism of rare earth materials, his 
research interests include the 
theory of photo-emission and the 
physics of fluctuating valence 
compo 

Dr. Croat joined General 
Motors in 1972: Dr. Herbst. in 1977. 


IH General Motors 

WtM The future of transportation is here 



































Letters to the 


The energy future 

To the Editors: 

Harms and Haefele’s article 
(“Nuclear Synergism: An Emerging 
Framework for Energy Systems,” 
Am, Sci. 69:31047, May 1981) as¬ 
sumes that any realistic future energy 
scenario, at least for developed 
countries, will include a major con¬ 
tribution from nuclear energy, This 
ignores the conclusions of a growing 
number of energy analysts in many 
countries that zero or negative growth 
energy scenarios are the only way to 
proceed, both economically and en¬ 
vironmentally, in the next fifty years 
if we are to avoid serious social and 
political repercussions, During the 
past ten years, a significant and 
growing number of these analysts 
have begun to predict the energy fu¬ 
ture using a method pioneered by 
Lovins which combines economic and 
technological optimization of the 
sources and end uses of energy with 
lifecycle costing, This approach re¬ 
jects that used by economic deter - 
minists, who continue to predict the 
future using linear extrapolations of 
the past. 

I am very concerned to note that 
Harms and Haefele appear to justify 
their efforts by suggesting that syn¬ 
ergistic concepts may provide an op¬ 
portunity to rekindle the intellectual 
excitement of designing and building 
nuclear reactors. We should never 
argue that the potential for intellec¬ 
tual satisfaction in any area of en¬ 
deavor should play a role in deter¬ 
mining its future societal applica¬ 
tions. Creative intellectual activity is 
and should always be a sophisticated 
form of adult play, but we have a right 
to expect that the offspring of this 
activity is put to humane use. Tech¬ 
nological development untempered 
by humanism can play a destructive 


social and environmental role in 
which the economic gains are purely 
illusionary. Today we are at an im¬ 
portant crossroad concerning our fu¬ 
ture, and only those who can bridge 
the gap between science and the 
humanities can assume an effective, 
responsible leadership role, 

Harvey A, Buckmaster 
Department of Physics 
University of Calgary 
Calgary, Alberta 
Canada 

Dr. Harms and Dr. Haefele reply: 

We laud Professor Buckmaster’s 
leanings and indeed admit to sharing 
some of them. Our twentieth-century 
condition, however, demands that we 
do not turn our backs on the potential 
of modifying existing technical con¬ 
structs; his view of the role of “hu¬ 
manism” in this adaptive endeavor 
constitutes but one facet of what we 
term the influence of a “broadly 
based societal will.” 

On a technical point, nowhere do 
we advocate a “linear extrapolation of 
the past.” 

Women and science 

To the Editors; 

Jonathan R. Cole’s article 
(“Women in Science,” Am. Sci. 69; 
385-91, July 1981) ignores the pres¬ 
ence of women in nonacademic sci¬ 
entific settings, His article suggests 
that scientific endeavors, rank, salary, 
etc,, exist only in academic institu¬ 
tions, This report is even more inter¬ 
esting when one considers the Gen¬ 
eral Motors advertisement featuring 
Dr. Ruth Reck in the same issue of 
American Scientist. 

Thomas A. Zachman 
Moline, IL 


To the Editors: 

I want to applaud the depth of the 
article by Jonathan R. Cole. In the 
early days of my career, I definitely 
received the message that I would not 
be a superstar in the world of science. 
It was taken for granted that I would 
accept some position near where my 
husband worked. One job interview I 
had was so casual and haphazard I 
felt that I was the woman interviewed 
for the purposes of affirmative action 
record-keeping. I think such situa¬ 
tions occur less frequently and more 
covertly now. 

However, as Dr. Cole pointed out, 
the real problem centers on difficul¬ 
ties with camaraderie. Women faculty 
members are left out of the male 
group for many reasons, such as time 
constraints and fear of wives’ and 
male colleagues’ thoughts. When I 
was newly single again, I found myself 
hiding my sexuality so that I could he 
relatively close to at least a few col¬ 
leagues. With the help of a women’s 
support group of faculty members I 
gained confidence, but now I have lost 
time, 

Single women scientists appear not 
to do as well on the average as mar¬ 
ried women. What about single men? 
A stable home and loving relationship 
can be very important and conducive 
to creative work. Even with small 
children, I had less difficulty arrang¬ 
ing schedules than I had with loneli¬ 
ness and the absence of emotional 
support. 

I have known some scientific su¬ 
perstars who live for their work to the 
practical exclusion of everything else. 
All of them had wives who kept 
homes for them while they traveled, 
worked in laboratories, and wrote 
papers; the men were rarely home to 
pursue other activities. Women fac¬ 
ulty members tend to have more 
home activities, public school duties, 
craft pursuits, and community in¬ 
terests, We may be spread thinner by 
personal choice. Young people of both 
sexes, whether going into science or 
business, seem to be well-rounded. I 
believe we will all be better off when 
some of the “superstardom” is 
shared, 

Judith E. Heady 
Department of Natural Sciences 
University of Michigan 
Dearborn, MI 

To the Editors: 

Jonathan Cole states that there 
have been five women Nobel lau- 
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\ reates in science as of 1980. In fact, 
j there have been six: Marie Curie, 
j 1903, physics, and 1911, chemistry; 
j Irene Joliot-Curie, 1935, chemistry; 
j Gerty Cori, 1947, physiology/medi- 
1 cine; Maria Goeppert-Mayer, 1963, 
physics; Dorothy Hodgkin, 1964, 
j chemistry; and Rosalyn Yalow, 1977, 
j medicine. This, of course, does not 
1 alter Dr. Cole’s point that there have 
; been very few women in the scientific 
■0 elite. 

: Laurel G. Sherman 
Oberlin, OH 


Hummingbirds 

To the Editors: 

Dr. Reed Hainsworth’s interesting 
article (“Energy Regulation in 
Hummingbirds,” Am. Sci. 69:420-29, 
July 1981) prompts me to describe a 
personal observation. While living in 
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New Mexico, I had a large cactus 
garden with different native species, 
During the cactus blooming season, 
one hummingbird would establish 
territorial claim over the garden and 
vigorously defend it against the oth¬ 
ers. The dominant hummingbird 
would methodically start feeding at 
one end of the garden and slowly 
proceed toward the other end. After 
each cycle, the bird would return to 
the starting point and repeat the se¬ 
quence, The cycle interval apparently 
allowed the flowers to accumulate 
enough nectar for the bird’s next 
feeding. 

Although the dominant hum¬ 
mingbird usually spent a good portion 
of its flying time chasing intruding 
birds, this must have been more effi¬ 
cient in terms of net energy gain than 
having to sample numerous empty 
flowers just depleted of their nectar 
by unchallenged rivals, If humming¬ 
birds always follow such systematic 
feeding methods it would explain 
their very strong territorial instincts, 
since sharing of the same area by 
several individuals would lead to a 
large energy expenditure in the ran¬ 
dom sampling of flowers, searching 
for those with sufficient nectar. 

Luis Garcia-Bunuel, M.D. 

Portland, OR 

Dr. Hainsworth replies: 

Dr. Garcia-Bunuel raises two in¬ 
teresting points currently under in¬ 
vestigation by a number of biologists, 
Birds can apparently adjust their 
highly patterned feeding sequence for 
maximum net benefits, but some 
flowers appear to grow in such highly 
“confusing” arrangements that the 
birds cannot “remember” their 
feeding sequence. These arrange¬ 
ments may be related to the repro¬ 
ductive characteristics of the 
plants, 

A hypothesis on social behavior 
now being examined is whether ag¬ 
gressive behavior, such as for terri¬ 
torial defense, has an economic basis 
in terms of the animal’s net gains of 
energy, Frank Gill and Larry Wolf 
(Ecology 56:333, 1975) found East 
African sunbirds (ecologically similar 
to hummingbirds) shifted from ter¬ 
ritorial, defense to dominance 
hierarchies as feeding profitability 
changed. Studies of energy regulation 
may provide interesting information 
both on the rules pollinators use when 
they visit plants, and on the organi¬ 
zation of behavior. 
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To the Editors: 

Dr. Reif mentions alcohol as posing 
a possible carcinogenic risk. I am un¬ 
clear whether there is a threshold, and 
what “moderately heavy drinking” 
means. 

Adolf Griinbaum 
Department of Philosophy 
University of Pittsburgh 
Pittsburgh, PA 


To the Editors: 

Discussing cholesterol metabolism, 
Dr. Reif states that “the human liver 
synthesizes about a gram of it [cho¬ 
lesterol] each day, an amount roughly 
equal to that in one egg.” I agree with 
the estimated capacity for cholesterol 
synthesis in the human liver, but the 
average large chicken egg contains 
approximately 250 milligrams of 
cholesterol, primarily within the yolk. 
I trust that Dr. Reif is not referring to 
the eggs of large birds or reptiles; 
perhaps the passage should read “an 
amount roughly equal to that in four 
large chicken eggs.” 

DavidS. Newburg 
Department of Nutrition and Food 

Science 

University of Kentucky 
Lexington, KY 


To the Editors: 

The excellent article “The Causes 
of Cancer” brought me up-to-date on 
the present status of oncology, a 
subject with which I was engaged for 
many years but from which I have 
been detached now for several dec¬ 
ades. What does the term cancer 
really mean in current American 
parlance? Does cancer now definitely 
also include leukemias, sarcomas, and 

~ , disease entities which once were 

Cancer and carcinogens compounds formed by heterotrophic scrupulously kept separate from the 
intestinal nitrification as described by “real” cancer, or carcinoma? 

I o the Editors: Tannenbaum and referred to in Reifs About 40 years ago, when I was 

1 he long list of cancer-causing article. Witter and colleagues report professor of radiology at the Univer- 
{«“* descrlbed ^ Ara » ld , E - >" July 1981, that excess nty of Colorado Medical School in 
c-«ff ,°i?? ncet ’ A f' minar y O'trate is apparently of host Denver, I wrote about the problem of 
oci. I -4 /, July 1981) seems to be origin and that the presence of intes- cancer immunity in Radiology my 
growing daily. Another source, not tinal microorganisms actually de- cautious ideas were as negatively re- 

discussed m Reif s article, are those creases the output of nitrate in the ceived as anything unorthodox in the 

mtrosammes as well as their precur- urine. At any rate, further research is medical hierarchy. In view of the 
sors that have recently been found in needed to help identify and eliminate now-admitted viral role in cancer I 
certain cosmetic products, as reported nitrosamines which can cause wonder whether Dr. Reif found any 

l^\ mD Z^ mUCln -, “ wtaod to similar ideas and 

austry, June 1981. Environmental 

precursors and other sources of ni- Dan Monroe 

trosammes are probably a greater University of Tennessee Ernst A. Schmidt, M.D 

health hazard than nitrogenous Memphis, TN Pasadena, CA 
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Spiders 


E.O. Wilson: Let me remind you that people 
everywhere, a large percent of the population, at a very 
early age have already developed a deep horror at the 
sight of snakes or spiders with nothing more than 
gentle nudging from their parents, if that. Yet, in spite 
of the fact that parents constantly reinforce their chil¬ 
dren against going near electric sockets, automobiles, 
knives and the like, phobias against such objects 
rarely develop. 

Marvin Harris: Let’s go back again to the possibil¬ 
ity that these phobias are genetically programmed - 
which I’m willing to grant. The overwhelming bulk of 
the socially conditioned response repertories of differ¬ 
ent human societies consists, by your own admission, 
of culturally determined rather than genetically deter¬ 
mined traits. Then it seems to me that when one offers 
a cogent culturological explanation ofdj 
has to be considered thaubifl 
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Shuman 
gigantic phenomena as the 
STof state-organized societies or the 
emergence of stratified classes and castes. The enor¬ 
mous differences between industrial civilization and 
pre-industrial societies, peasant or village ways of life 
and band organizations - all can be explained by an¬ 
thropologists at the culturological level. 
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Dr. Reif replies: 

Dr. Monroe is right that we need to 
eliminate carcinogens as completely 
and as rapidly as possible once they 
have been identified, Still, while we 
can expect a continuing stream of 
carcinogens to be identified by future 
research, it will often take years to 
determine whether they have a major 
impact, or whether they are relatively 
inconsequential. With regard to the 
effect of the intestinal flora on the 
level of nitrate and nitrite in the in¬ 
testine, while my article was in proof 
Saul and co-workers from the Uni¬ 
versity of Toronto reported in the 
June 1981 Cancer Research data for 
people similar to those reported at the 
same time by Witter and colleagues 
for rats. 

Two weeks before my article was 
published, a report by Doll and Peto 
appeared in the June 1981 issue of the 
Journal of the National Cancer In¬ 
stitute, which answers Dr. Grun- 
baum’s question. The data deal only 
with cancer of the esophagus, but are 
representative of the type of cancer 
the development of which can depend 
on an interaction between alcohol and 
tobacco use. If the risk of developing 
cancer of the esophagus is stated as 
“1” for people who smoke 0-9 ciga¬ 
rettes a day and drink 0-3 drinks a 
day, then the relative chance of de¬ 
veloping this type of cancer increases 
as follows for people with more ex¬ 
tensive habits. Someone who smokes 
0-9 cigarettes and consumes 4-6 
drinks per day has a relative risk of 7, 
while someone who smokes the same 
amount but has 7-9 drinks per day 
has a relative risk of 12. In contrast, 
someone who smokes more than 30 
cigarettes and takes 7-9 drinks each 
day has a relative risk of 87. A drink 
is defined as one 12-oz bottle of 8- 
proof beer, one 3%-oz glass of 25- 
proof wine, or a 1-oz shot of 80-proof 
spirits. Regarding a threshold, the 
addition of a carcinogen, co-carcino- 
gen, or promotor may have no effect 
only if the substance has very low 
potency and is administered seldom 
and in low dose, or if the person ex¬ 
posed is insensitive to cancer at the 
site which is the target of the carcin¬ 
ogen, or if anticarcinogens are taken 
which render the carcinogen ineffec¬ 
tive. : 

Dr, Newburg is quite right about 
the cholesterol content of an ordinary 
egg yolk; the passage in the middle 
column on page 442 should read “in 
four eggs.” 

In reply to Dr. Schmidt’s question, 
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probably include most virally caused 
tumors. Natural killer cells have been 
found which attack tumor cells, al¬ 
though not specifically. Thus, it 
seems that Dr. Schmidt was far ahead 
of his time. 

Budget cuts 

To the Editors: 

The September “Message from the 
President” gives the erroneous im¬ 
pression that the sciences have “fared 
better financially than other parts of 
the federal budget.” While that may 
be the case for certain disciplines, it 
is certainly not true for the social 
sciences. Under instructions from the 
Office of Management and Budget, 
agencies such as the National Science 
Foundation and the National Insti¬ 
tutes of Mental Health have had their 
research budgets cut anywhere from 
25% to 100%. The Administration has 
decided, without consultation with 
the scientific community and without 
thorough congressional debate, what 
types of research should be sup¬ 
ported. 

Although the impact of the cut¬ 
backs on social science may affect 
only a relatively small number of re¬ 
searchers, it behooves the entire sci¬ 
entific community to be concerned. 
At the very least, the officers of so¬ 
cieties such as Sigma Xi must advo¬ 
cate a role for the scientific commu¬ 
nity in making research allocation 
decisions. The long-term effects of 
politically influenced reductions in 
funding are too severe for all of the 
sciences for us not to be concerned. 

Leonard Saxe 
Boston University 
Boston, MA 


a neoplasm is a growth of cells that 
possess a heritable change freeing 
them at least partially from growth 
control by the host, so that the mass 
of the cells increases progressively. 
Neoplasms, which are also commonly 
called tumors, are divided into two 
ill-defined and overlapping catego¬ 
ries, benign and malignant. In gen¬ 
eral, benign neoplasms do not spread 
beyond the organ of their origin and 
have a good prognosis, while malig¬ 
nant neoplasms possess the ability to 
spread to other organs (metastasize) 
and have a bad prognosis. Malignant 
neoplasms are now commonly called 
cancers; those of epithelial tissues, 


which are derived from the ectoderm 
or endoderm of the embryo, are usu¬ 
ally called carcinomas, while those of 
mesodermal origin are called sarco¬ 
mas. After considerable controversy, 
there is now a consensus that leuke¬ 
mias can be classified as cancers. 

_ There are only a handful of scien¬ 
tists who still feel that immunity is 
not involved in protection against the 
development of some forms of cancer. 
I have reviewed the evidence in this 
area (in The Handbook of Cancer 
Immunology, vol. 1, ed. Harold Wa¬ 
ters, 1978), and concluded that im¬ 
munity is important in the case of 
“immunogenic” tumors, which 


To the Editors: 

I believe the September President’s 
Message defines the interests of 
science too narrowly. Consider the 
effects of the new Administration on 
the social sciences. The Reagan 
budget deliberately eliminates re¬ 
search funding for “social” research, 
Natural scientists, breathing easier 
for their “modest annual increase,” 
should beware. If the “social” code 
word brought on the Stockman axe, 
wait until moralistic budget-cutters 
get to anything that smacks of genetic 
tinkering, evolution in its many in¬ 
sidious forms, brain/mind control, 
reproduction, and so on. 

The social science problems were 
overlooked in the generally upbeat 


! President’s Message regarding the 
j new Administration. I suggest a 
| broader concern of Sigma Xi for all 
I scientific endeavors, and an ac- 
jj knowledgment that what can he done 
I to one scientific area can he done to 
j others. 

J Michael C. Roberts 
1.1 Department of Psychology 
j University of Alabama 
University, AL 

i Dr. Nierenberg replies: 

; I am grateful to Professors Saxe 
; and Roberts for their letters correct- 
;« ing my remarks. However, their let- 
; ters and my comments have been 
overtaken by events caused by the 
so-called “12%” budget cuts an- 
I nounced by President Reagan. The 
severe reductions in the social sci- 
ences had been somewhat amelio- 
; rated by internal rebudgeting in the 
: National Science Foundation. How¬ 
ever, the new wave of cuts is having 
: very severe impacts on the major na¬ 
tional laboratories, and I am afraid 
; the previous cuts in the social sciences 
. may be maintained. 
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Susan Keech McIntosh West African Prehistory 
Roderick J. McIntosh 

Archaeological studies in recent decades have 
illuminated the prehistory of this vast region, 
revealing unexpected complexity in its development 
from 10,000 B.C. to A.D. 1000 


Ever since the first scientific excava¬ 
tions were conducted in West Africa 
in 1940, West African prehistory has 
been the poor relation of East and 
Southern African prehistory. West 
Africa offers no explosive Bantu ex¬ 
pansion, no exotic Swahili trading 
posts, no Zimbabwe, and, perhaps 
most significantly, no Olduvai Gorge. 
Indeed, undisturbed Early Stone Age 
material is virtually unrepresented in 
West Africa, because there are almost 
no exposed early Pleistocene deposits. 
Even Middle Stone Age materials, 
traditionally dated to between 40,000 
and 10,000 years B.C., are restricted in 
number and dispersal. Our knowledge 
of West Africa’s past is therefore 
largely confined to later prehistory, 
from the Late Stone Age (beginning 
about 10,000 B.C.) onward. Until a 
decade ago, even that relatively small 
slice of the past was poorly known. 

A major obstacle to dealing effectively 
with West Africa’s prehistory is the 
immensity of the area. Defined as the 
land south of the Tropic of Cancer 
and west of a line drawn north from 


Susan Keech McIntosh and Roderick J. Mc¬ 
Intosh are members of the Department of 
Anthropology at Rice University and have 
conducted field research in Ghana and Mali. 
S. K. McIntosh received her Ph.D. in 1979 
from the University of California at Santa 
Barbara and lists among her research interests 
Old' World prehistory, the origins of complex 
societies, and human osteology. R. J. McIn¬ 
tosh received his PK.D, from Cambridge Uni¬ 
versity in l979 and has published on a variety 
of topics, including ethnoarchaeology, ur¬ 
banism, historical archaeology, and geomor¬ 
phology. Their research at Jenne-jeno, Mali, 
has been funded by the NSF, the American 
Council of Learned Societies, and the Ameri- 
t'an Association of University Women. Ad¬ 
dress: Department of Anthropology, Rice 
University, Houston, TX 77001. 


the Cameroon highlands (see Fig. 1), 
West Africa could contain the con¬ 
tiguous United States with plenty of 
room to spare. A single West African 
state such as Mali, for example, ex¬ 
ceeds in size the combined areas of 
California, Arizona, Nevada, and 
Utah. Yet our reliable knowledge 
about its past may come from a mere 
handful of controlled excavations. 
This critical lack of data holds for the 
majority of West African states, with 
the result that we do not yet have a 
detailed understanding of sequences 
of material culture and regional de¬ 
velopments through time. As the 
number of scientific excavations has 
increased, however, an overall pattern 
of West African prehistory has begun 
to emerge. We can now identify some 
important themes which appear to 
dominate the archaeological record. 

One of these themes is the signifi¬ 
cance of climatic change for Late 
Stone Age adaptations in West Afri¬ 
ca. Much of the evidence comes from 
sites in the Saharan and Sahelian 
zones, where even small fluctuations 
in moisture can have dramatic con¬ 
sequences. On several occasions 
within the past 12,000 years, it ap¬ 
pears that human populations in the 
Sahara adapted to periodically dete¬ 
riorating climatic conditions by mi¬ 
grating, by modifying their subsis¬ 
tence base, or by becoming more 
mobile in their lifestyle. It is clear that 
the present-day nomadic pastoralists 
in the Sahara are the scattered rem¬ 
nants of an earlier, more populous, 
and more sedentary pastoral adap¬ 
tation. Far less is known of Late Stone 
Age adaptations in the savanna and 
forest regions, because far fewer sites 
of that period have been excavated. 

A second major theme is the docu¬ 
mentation of indigenous economic 


and social evolution during the Iron 
Age. In this case, the bulk of the 
available data comes from sub-Sa¬ 
haran regions. We will be referring to 
evidence for what may be called, in 
the interest of simplicity, the prehis¬ 
toric Iron Age. The beginning of this 
period seems to vary from the sixth 
century B.c. in some places to the 
sixth to tenth century AD. in others, 
depending on the date that a partic¬ 
ular area adopted iron technology. 
We have arbitrarily defined the end 
of the period as AD. 1000—the ap¬ 
proximate date that the historical 
influence of North African Arabs 
began to be strongly felt in sub-Sa¬ 
haran Africa. 

The most significant aspect of pre¬ 
historic Iron Age studies during the 
past decade has been the discovery 
that various large, complex sites, 
previously assumed to postdate Arab 
contact, in fact yield radiocarbon 
dates of the first millennium AD. It 
now appears that important devel¬ 
opments in trade, social stratification, 
and even urban growth took place 
during this period. Increasing num¬ 
bers of early radiocarbon dates for 
towns and long-distance trade goods 
invalidate earlier views of the West 
African past in which outside stimu¬ 
lus, in the form of Arab trans-Sahamn 
commerce, was seen as the major 
factor in the emergence of high levels 
of sociopolitical organization. 

Climate and paleoclimate 

Climate, more than any other factor, 
has affected human settlement and 
subsistence patterns in West Africa. 
Regional differences in vegetation 
and land use can be explained pri¬ 
marily in terms of variation in the 
amount and seasonal distribution of 
precipitation (Grove 1978). Rain is 


602 American Scientist, Volume 69 


[-Tropic of Cancer 


TASSiLf 

. . ' .. ■■V.A;:' FEZZAN ■ ■ . 

Amekni HOGG A R 

lllll i in ■ HH 


ADRAR DES . AdrarB() us TIBEST 

IFORAS 


Tlchitt 


/, tumyll \w>i 


’ T i L E M S t 


TENERE 

A! R REGION 

■ PoDimmi A; 


/ / ■ ■ v . i 'r ; . . ... . 

( \ V ' Daima.l 

V, ■ ■ b l N O K “ 


■ . 


Mmatr^cKA : R EG I ONr / 

^ .. '. TWO 


Lakeo, 

Bosumtwl 


j CAMEROON - 
' HIGHLAND 


Me roe 

^ 1 KHartourn 


I Figure 1. Archaeological excavations in West 
Africa are dispersed throughout the region, 
: which is delineated by the Tropic of Cancer 
i and an imaginary line drawn north from the 
: Cameroon highlands. 


derived from the warm southwest 
winds blowing across the Atlantic; the 
coastal areas thus receive the most 
rain, with the rainfall gradient de¬ 
creasing in a remarkably regular 
fashion of approximately 200 mm per 
degree of latitude as one moves north 
toward the Sahara. This distribution 
results in a series of east-west vege¬ 
tation zones, the most northerly of 
which is the region of sparse, ephem¬ 
eral vegetation known as the Sahara 
Desert. The hulk of the population 
lives south of the desert’s southern 
margin, which is defined by a band 
tha t receives about 200 mm of rainfall 
annually. Below the Sahara is the 
Sahelian zone, characterized by 
grasses and the short, thorny acacia 
tree. The diverse fauna of browsers 
and grazers include domestic cattle, 
sheep, and goats. Wild game such as 
elephant, giraffe, lion, and gazelle 
were abundant before the introduc¬ 
tion of firearms. 

Between the 400- and 1,000-mm 
bands, or isohyets, Sudanic savanna 
supports a denser and more diversi¬ 


fied vegetation of tall grasses, shrubs, 
and trees. This is a well-settled zone 
where sedentary farmers grow 
groundnuts and cereals, especially 
millets and sorghum, and raise live¬ 
stock. South of the 1,000-mm isohyet, 
tree cover thickens and there is some 
savanna woodland, with trees up to 15 
m high. In this Guinea savanna zone, 
root crops such as yams and cassava 
predominate, although cereals are 
also grown, The presence of tsetse fly 
{Glossim morsitam), carrier of a 
sleeping sickness fatal to most large 
livestock, discourages cattle-raising 
in this zone and in the forest to the 
south. 

In the coastal zone receiving more 
than 1,400 mm of rain annually, the 
savanna yields to true forest, which is 
variable in species composition but 
which normally consists of a three- 
tiered canopy of trees—at 45,30, and 
15 m—below which little light pene¬ 
trates. Much of the original high for¬ 
est has been replaced by a mosaic of 
farmland and secondary growth 
(Grove 1978). Crops of the southern 


forest zone include tubers, especially 
yams, and maize, rice, and seeds of 
tended trees such as the oil palm, 
cacao, and kola. 

Within the last decade, considerable 
evidence has accumulated for dra¬ 
matic recent fluctuations in the West 
African climate. Data from such 
widely separated areas as the Atlantic 
coast and Hodh regions of Mauri¬ 
tania, the Lake Chad basin, and the 
Niger and Senegal river basins allow 
paleoclimatic reconstructions, all of 
which correspond in broad detail, 
confirming that the present Sahara 
and Sahel were far more attractive 
environments for human occupation 
in the recent past. Although most of 
the available paleoclimatic data 
comes from areas north of 15° N lat i - 
tude, research at Lake Bosumtwi, in 
the forest region of Ghana, has re¬ 
cently provided preliminary insights 
into the extent of paleoclimatic cor¬ 
relation between the northern and 
southern parts of West Africa (Talbot 
and Delibrias 1980). West Africa al¬ 
ready offers one of the best-docu- 
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THE ARCHAEOLOGICAL RECORD 




10,000 B.C, Sahara uninhabited 
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Figure 2. A comparison of the prehistoric cli¬ 
mate and the archaeological record of West 
Africa reveals interesting correlations between 
climatic fluctuations and human activity, 
especially in the Sahara and Sahel, 


mented sequences of dramatic recent 
climatic change in the world, and we 
may expect future work to clarify the 
details (Street and Grove 1976). This 
paleoclimatic sequence provides an 
opportunity for archaeologists to 
study the nature of human response 
to post-Pleistocene climatic change; 
Figure 2 shows the climatic sequence, 
and corresponding events in the ar¬ 
chaeological record, in the form of a 
time-line. 

Until fairly recently, it was believed 
that pluvials, periods of wetter cli¬ 
mate, in Africa corresponded to pe¬ 
riods of glacial advance in Europe and 
North America, and that drier Afri¬ 
can periods corresponded to inter¬ 
glacials, but this has been disproved. 
It is now clear that at the height of the 
last glacial advance in Europe (ca. 
18,000-13,000 B.C.), a previously 
well-watered Sahara had become 
hyperarid. Desert dunes were erected 
by the wind as far as 500 km south of 


the present limit of mobile Saharan 
dunes, and vegetation belts shifted' 
accordingly toward the equator 
(Grove 1978). Major rivers ceased 
their flow in mid-course, and Lake 
Chad, the largest of the West African 
lakes, dried up completely. It appears 
that West Africa north of 11°N lati¬ 
tude was virtually uninhabited at this 
time. 

The hyperaridity persisted for several 
thousand years; conditions began to 
improve around 10,000 B.C. By 8000 
B.C., the Sahara had been trans¬ 
formed into a mosaic of shallow lakes 
and marshes linked by permanent 
streams (Talbot 1980), Mediterra¬ 
nean vegetation, which at present is 
confined to coastal North Africa, grew 
in the Saharan highland regions of 
Hoggar and Tibesti. Elephant, gi¬ 
raffe, rhinoceros, and crocodile were 
widespread. Lake Chad, fed by 
streams emanating from the Saharan 
highlands, rose more than 40 m to 


cover an area many times its present 
size; this larger lake is known as Me- 
gachad. To the south of the present 
Sahara, the dunes that had formed in 
the preceding dry phase were deeply 
weathered and covered with wood¬ 
land. The forest at that time may 
have extended as far north as 13°N 
latitude (Grove 1978). Lake Bosum- 
twi was at its highest level between 
8000 and 6000 B.C. 

Beginning between 6000 and 5000 
B.C. a short but marked dry period 
interrupted the Holocene wet phase; 
at this time the sands of the earlier 
dune fields were reworked by the 
wind. Moister conditions had re¬ 
turned by 4000 B.c. However, a sec¬ 
ond widespread dry period began 
around 2000 B.C., initiating the fairly 
rapid decline of the West African 
climate to the conditions which pre¬ 
vail today. This decline was punctu¬ 
ated by minor oscillations, with 
higher precipitation returning around 
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Figure 3. Patterns of vegetation in West Africa shows the shrinkage from Lake Megachad into 

have a long history of dramatic reversals. The Lake Chad, total disappearance of a large area 
most recent transformation, brought on by the of Mediterranean-type vegetation, and con- 
widespread Holocene dry period of about 2000 siderable retraction of Sahelian and Saharo- 
B.C., marked the beginning of the arid condi- Sahelian areas, with the concomitant expan- 
tions that prevail in the region today. A com- sion of the Sahara Desert, (After Lauer and 
prison of present vegetation patterns with Frankenberg 1980.) 
those believed to have existed around 3500 B.C, 


A.D. 700-1100 and 1500-1700. Such It appears that prior to 10,000 B.C. the around permanent lakes, streams, 
short fluctuations continue to the hyperarid Sahara remained uninha- and marshes in the Sahara in the 
present day, most recently manifest- bited for thousands of years. Between seventh millennium B.C. The tech- 
ed by the much-publicized Sahelian 10,000 and 8000 B.C. the dry stream nology of these groups is broadly 
drought of 1968-74. channels began to flow with water similar over a wide area, combining 

again, draining the central massifs as Epipaleolithic elements such as mi- 
The precise reasons for widespread, the climate became more humid. The croliths and bone harpoons with the 
high-magnitude climatic fluctuations spread of grass and shrubland en- traditionally Neolithic components of 
in Africa are not well understood. The couraged repopulation of the Sahara pottery and grinding stones. The 


moisture balance of the Sahara, for 
example, may have been affected by 
changes in precipitation, tempera- 
; ture, and evapotranspiration rates 
: possibly stemming from any number 
1 of worldwide or local meteorological 
events. Whatever the reasons, we 
know that the resulting climatic 
changes brought about important 
shifts in the vegetation boundaries in 
l West Africa, as illustrated in Figure 
j 3. Although present reconstructions 
of these shifts are largely limited to 
; areas north of 15° latitude, it is clear 
j that the areas of West Africa favor- 
| able to human occupation have ex- 
j panded and retracted on an impres- 
] sive scale several times within the 
I past 12,000 years. 

1 Subsistence in the Late 
Stone Age 

The well-documented paleoclimatic 
) sequence in the west central and 
j southern Sahara is paralleled by 
j rapidly accumulating evidence for 
j extensive human occupation within 
this zone since 10,000 B.C. Preserva¬ 
tion of bone and plant material at 
Saharan Late Stone Age sites is often 
quite good, and the subsistence 
economy can be at least partially re¬ 
constructed. 


by browsers and grazers, and also, 
presumably, by the hunting groups 
who preyed upon them. Traces of 
human activities from 10,000 to 8000 
B.C. are sparse, however. Various 
small surface scatters of Epipaleoli¬ 
thic punched-blade industries found 
throughout the Sahara are thought to 
represent this period. 

Very few of the sites have been dated 
by chronometric methods. The na¬ 
ture of the material suggests that it 
was dropped by small, highly mobile 
communities of hunter-collectors 
(Clark 1980). It is possible that the 
most ancient Saharan rock art, typi¬ 
fied by engravings of elephant and 
wild buffalo, Homoioceras ( Bubalus) 
antiquus, were created at this time 
(Mori 1974). This period of Saharan 
repopulation is poorly understood; 
particularly enigmatic Is the apparent 
sparseness and mobility of the human 
population at a time when the Sahara 
was increasingly well watered. Pos¬ 
sibly, the major sites of this period 
remain to be discovered and are 
stratified under later occupation de¬ 
posits at favored locales near lakes 
and streams. 

Hunting-fishing-collecting com¬ 
munities became widely established 


unburnished ceramics of these la¬ 
custrine-based groups are frequently 
decorated with a “wavy line” motif 
created by dragging a comb over the 
wet clay in a sinuous motion, or with 
a “dotted wavy line” motif achieved 
by pressing into the clay a curved 
comb or fish jawbone. This very 
characteristic pottery was first rec¬ 
ognized at Khartoum, Sudan, in East 
Africa, where it was dated to the early 
fourth millennium B.C. (Arkell and 
Ucko 1965). 

The additional presence of bone 
harpoons with the dotted wavy-line 
pottery at Khartoum has suggested to 
various researchers that both ele¬ 
ments were part of a broad cultural 
complex, variously named the Sa- 
haro-Sudanese Neolithic and the 
aquatic civilization of Middle Africa, 
distributed from the upper Nile 
throughout the central and southern 
Sahara. Early dates in the seventh 
millennium B.C. for Saharan wavy- 
line pottery led several authors to 
conclude that pottery was indigen¬ 
ously invented in the Sahara, whence 
it spread to the Nile (Camps 1974; 
Sutton 1974; Hays 1975). Recently, 
radiocarbon dates of the seventh 
millennium for Khartoum variant 
pottery from the Western Desert of 
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Upper Egypt have weakened the case 
for primacy of the central Saharan 
ceramics (Close 1980), 

Although these same eighth- to sev¬ 
enth-millennium sites in the Egyp¬ 
tian Western Desert apparently doc¬ 
ument the shift to a fully food-pro¬ 
ducing economy, with cattle and do¬ 
mestic barley present at Nabta Playa 
by 6100 B.C. (Close 1980), contempo¬ 
raneous sites in the central and 
southern Sahara provide no concrete 
evidence of change from a subsistence 
strategy of hunting, fishing, and col¬ 
lecting. At Amekni, one of the best- 
known early Saharan lacustrine sites, 
people lived in rock shelters over¬ 
looking the ancient river, hunted 
warthog, wild buffalo (Homoioceras 
or Bubalus antiquus), and various 
antelopes, and fished for catfish 
( Clarias ) and perch ( Lates ). They 
also collected aquatic molluscs, 
hackberry seeds from the African 
nettle tree (Celtis integrifolia), and 
probably wild grain, to judge from the 
large numbers of millstones. The 
large hemispherical pots made by the 
Amekni inhabitants may have been 
used for storing grain, for cooking fish 
stew or porridge of wild grains, or 
even for fermenting a kind of beer 
from hackberry seeds (Camps 
. 1974). 

Amekni was apparently reoccupied 
many times from the seventh to the 
fifth millennia B.C. by hunter-fisher- 
collectors belonging to the same, 
continuing cultural tradition. A 
thorny issue is whether this tradition 
can appropriately be called Neolithic, 
based largely on the presence of 
technological traits such as pottery 
and millstones, in the absence of any 
convincing evidence for a food-pro¬ 
ducing economy. Many researchers 
who retain the term Neolithic for 
these early, lacustrine-based central 
and south Saharan cultures ac¬ 
knowledge that their use of it is lim¬ 
ited to the original nineteenth-cen¬ 
tury denotation of Neolithic as a 
technological level characterized by 
polished and ground stone tools and 
pottery, Other African archaeologists 
prefer to define Neolithic as a way of 
life involving reliance on domesti¬ 
cated plants and animals. Thus, it is 
difficult to justify grouping the 
food-producing Nabta Playa societies 
in Upper Egypt and the hunting¬ 
fishing-collecting economies of the 
Sahara together under the same ru¬ 
bric of Saharo-Sudanese Neolithic, 


despite general similarities in mate¬ 
rial culture, Until evidence of do¬ 
mestication is found at central and 
south Saharan sites, we prefer to 
identify these assemblages simply as 
Late Stone Age, 

The significance to West African 
prehistory of these pottery-using la¬ 
custrine-based Late Stone Age ad¬ 
aptations is just beginning to be as¬ 
sessed. An important question is 
whether aquatic resources together 
with wild grasses provided a suffi¬ 
ciently stable and predictable re¬ 
source base to permit a degree of 
settlement. If the normal lean period 
in the Sahara (December to April) 
could be reduced by grain storage and 
perennially available waterfowl and 
fish, the result might be larger, more 
permanent groupings and a steady 
increase of population (Clark 1980; 
Hays 1975). Because of the rarity of 
excavations undertaken so far in the 
central and southern Sahara, we must 
look to future research, designed with 
the questions of population size and 
seasonality in mind, to provide an¬ 
swers. These are issues of funda¬ 
mental importance to our under¬ 
standing of why central and south 
Saharan populations modified their 
economic base sometime after 5000 
B.C, to include domestic cattle. 

Herding and hunting 

This economic shift is well-docu¬ 
mented at Adrar Bous, in the Tenere 
sand sea, where a local variant of the 
lacustrine tradition called the Kiffian 
continued into the sixth millennium 
B.C, (A. Smith, unpubl.), Then, in the 
middle of the sixth millennium, Adrar 
Bous was abandoned. This hiatus in 
occupation coincided with a brief but 
locally intense dry period in the Sa¬ 
hara, evidenced at Adrar Bous by a 
fall in lake level of at least 5 m and by 
minor dune formation. As the climate 
became more humid in the late fifth 
millennium, Adrar Bous was reoccu¬ 
pied by pastoralists with domestic 
cattle, sheep, and goats (A. Smith 
1980a). An entire skeleton of short¬ 
horned, domestic Bos brachyceros at 
Adrar Bous has been dated to 3810 
B.C. ± 500, which matches other 
dates in the late fifth and early fourth 
millennia for short-horned domestic 
cattle in the Hoggar and other areas 
to the north. 

The Adrar Bous pastoralists lived, as 
did their Kiffian predecessors, on the 


borders of a large lake in a swampy 
lowland. The early pastoral assem¬ 
blage at the site, defined as belonging 
to the Tenerean facies of the Sa¬ 
haro-Sudanese Neolithic, has ele¬ 
ments which strongly resemble the 
earlier lacustrine tradition—micro- 
liths, comb-impressed pottery, mill¬ 
stones—as well as other components 
that are new, such as hollow-based 
projectile points, polished stone axes, 
and rings. This combination of old 
and new is paralleled in the economic 
evidence: cattle-herding supple¬ 
mented fishing and the hunting of 
warthog, antelope, and hippo (A. 
Smith 1980a). There seems to be a 
great deal of continuity in material 
culture between Kiffian and Tener¬ 
ean traditions, which suggests that 
the Tenerean does not represent a 
migration of pastoral peoples from 
North or East Africa. Rather, earlier 
local traditions appear to have been 
modified to accommodate the inclu¬ 
sion of domestic livestock in the 
economy (A. Smith, unpubl). There 
is no convincing evidence as yet for 
agriculture then in the Sahara. 

Abundant rock paintings in the Sa¬ 
haran massifs depict the activities of 
this Pastoralist Period. Herds of cat¬ 
tle numbering up to one hundred are 
shown, as on the cover, with domestic 
traits such as spotted hides and a va¬ 
riety of horn shapes. Some have rope 
leads around their necks. Several 
painted slabs portraying cattle have 
been recovered from occupation de¬ 
posits in Saharan sites; all date be¬ 
tween 5000 and 2500 B.c., effectively 
bracketing the Saharan Pastoralist 
Period. 

It is tempting to infer a causal rela¬ 
tionship between the occurrence of 
drier conditions in the Sahara and the 
domestication of livestock. Domesti¬ 
cation is thus seen as a response to the 
depletion of resources near lake ba¬ 
sins and river valleys, which may have 
supported fairly high population 
densities by 6000 B.C. However, the 
appearance of domestic cattle in the 
Sahara during a dry phase can Ire 
contrasted with the record at the 
Nabta Playa sites, in the Western 
Desert of Egypt, in which the ap¬ 
pearance of domestic stock is associ¬ 
ated with climatic amelioration and 
moister conditions (Close 1980; 
Wendorf and Hassan 1980). We are 
thus a long way from understanding 
the process by which livestock was 
domesticated and incorporated into 
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] the subsistence economy in Africa, 
j hut comparative studies among the 
I eastern, central, and western districts 
| of the present desert belt offer an 
j excellent laboratory for inquiry. 

.:} 

i It is generally held that domestic 
j sheep and goats must have been in* 
| Iroduced into Africa, since no wild 
( progenitors are thought to have ex¬ 
isted on the continent; however, the 
, route of introduction is unclear. Ovi- 
caprids could have spread westward 
j from the Near East via Egypt, or they 
\ may equally well have been intro- 
;; dueed along coastal North Africa by 
; people who colonized much of the 
J Mediterranean coast of Europe and 
J North Africa in the late seventh and 
| sixth millennia B.C. These maritime 

I : colonists used a distinctive impressed 
pottery and had a herding-hunting- 
collecting economy based on sheep 
j and goats (Phillips 1975), The reasons 
| that Saharan peoples began to herd 
1 ovieaprids and the timing of this 
I event, relative to the herding of do¬ 
ji mestic cattle, are unknown. It has 
I been suggested that sheep and goats 
j appeared earlier and were gradually 
) supplemented by cattle (Camps 
’1974). 

; The origin of Saharan domestic cattle 
\ is problematic as well, It has tradi- 
: j tionally been believed that domestic 
| Bos was introduced to Africa from the 
j Near East (Epstein 1971), but since 
j there were wild cattle in the Nile 
j valley and North Africa up until 
j Roman times, the possibility of in- 
j (ligenous domestication should not be 
I ruled out. The North African wild 
Bos, Bos primigmius, was large, with 
long, forward-curving horns, Another 
wild species, Bos ibericus, was similar, 
but smaller, and may merely have 
been the female of B, primigenius (A. 
Smith 1980b). All the domestic 
specimens recovered thus far from 
Saharan excavations have been of a 
smaller, short-horned variety, Bos 
brachyceros, which suggests that 
domestication, if indigenously 
achieved, involved a reduction in size 
and a selection for new shape and size 
of horns. The early presence of an¬ 
other domestic species in the Sa- 
hara—the long-homed ox, Bos afri- 
mus —is indicated by rock art in 
which long-horned bovids are de¬ 
picted with bicolor and tricolor hides, 
a condition not found in the wild 
(Camps 1974). Far more faunal ma¬ 
terial from both wild and domestic 
African Bos needs to be found and 
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Figure 4. The geographical distribution of el- Sahel in prehistoric times, present populations 
ephant and giraffe has changed greatly in the of giraffe are limited to relatively small groups 
pant 10,000 years, Whereas skeletal remains south' of 17°N latitude, and populations of el¬ 
and rock paintings testify that both animals ephant are to be found only from 15° N south- 
were abundant throughout the Sahara and ward, 


described before we can resolve the 
debate over the origins of these two 
domestic species, 

The Pastoralist Period in the Sahara 
is a fascinating episode in West Afri¬ 
can prehistory, particularly since it 
may document a way of life and an 
economic system no longer found in 
the world. We associate pastoralism 
today with marginal environments 
lacking the soil and the water re¬ 
quired for agriculture, Modern pas¬ 
toralism usually is markedly mobile, 
since grazing land for stock and water 
for man and beast must constantly be 
sought. The necessity for almost 
continual movement favors a material 
culture that is light and not easily 
broken. Among the present-day Kel 
Tamasheq (Tuareg), Fulani, and 
Masai, for example, gourd or wood 
containers are used instead of pottery 
(S. Smith 1980). An archaeologist 
excavating the campsite of modern 
pastoralists would probably find little 
in the way of inorganic artifactual 
debris, 

The abundant pottery and heavy 
grinding stones at many Pastoralist 
Period sites suggest that the re¬ 
quirement of mobility was far less 
severe then. With permanent water 
sources widespread and wild grasses 
seasonally abundant for at least six 


months of the year (during the rainy 
and cool seasons from June to De¬ 
cember), a semisedentary existence 
may have been possible. Although it 
would be extreme to characterize the 
Sahara as having been lush or teem¬ 
ing with wildlife, it is clear from the 
kinds of plant and animal remains 
recovered from Pastoralist Period 
sites that the region at least sup¬ 
ported a much higher biomass. Water 
and grazing were sufficient to ac¬ 
commodate a variety of fauna, in¬ 
cluding antelope, warthog, rhinocer¬ 
os, elephant, and giraffe (see Fig. 4 for 
distribution of elephant and giraffe). 
The nature and extent of seasonal 
movements of pastoralists living in 
this highly favorable environment 
bear further investigation. 

There is some evidence that, as might 
be expected, herding-fishing-col- 
lecting settlements clustered on the 
fringes of the Saharan highland 
around lakes and marshes. But the 
abundance of pastoralist rock art in 
the highlands themselves indicates at 
least seasonal forays, although other 
archaeological manifestations of 
pastoralist presence in the highlands 
are extremely limited (A. Smith 
1980a). Perhaps the highlands were 
seasonally exploited for wild game or 
for pasturing of herds during the hot, 
dry spring months, a pasturing 


1981 November-December 607 





strategy still practiced in Mediterra¬ 
nean countries today. 

The central and southern Sahara 
continued to be occupied by herder- 
fisher-collectors until 2500 B.C., when 
the final climatic decline to present 
arid conditions commenced, Sites like 
Adrar Bous were abandoned (2400 
B.C.) as lakes dried up and cattle 
herds became difficult to maintain. 
Pastoralists were forced to follow re¬ 
treating water supplies toward the 
south, although some undoubtedly 
remained in the Sahara, becoming 
increasingly nomadic. A concomitant 
southward migration of the tsetse fly, 
which formerly may have inhabited 
regions as far north as 17°N, may 
possibly explain why parts of the 
Sahelian and Sudanic zones appear to 
have been uninhabited by herder- 
fisher-collectors before 2500 B.C. (A. 
Smith 1979). In the Tilemsi valley, for 
example, the sites at Karkarichinkat 
were first occupied around 2000 B.C. 
by herder-fisher-collectors bearing a 
material culture with Saharan af¬ 
finities. 

Further west, pastoralists settled 
along the now-dry lake bed at Tichitt 
in approximately 1500 B.C. For 400 
years thereafter, the Tichitt inhabi¬ 
tants pursued a mixed subsistence 
strategy of herding cattle and goats, 
fishing, hunting, and collecting 
(Munson 1976). The placement of 
successive Tichitt settlements along 
descending beach ridges of the slowly 
desiccating lake portends the end of 
the herding-fishing-collecting way of 
life. The disappearance of aquatic 
resources in the archaeological record 
at Tichitt is immediately followed by 
the appearance of domestic cereals, a 
phenomenon which we shall discuss 
presently. 

It appears that other herding-fish¬ 
ing-collecting groups continued to 
push southward, colonizing the clay 
plains exposed by the receding Lake 
Chad before the early first millenni¬ 
um B.C. and the well-watered margins 
of the middle Niger River. In these 
areas, at the sites of Daima and Ko- 
badi, was preserved the old Saharan 
lifestyle attested by bone harpoons 
and remains of cattle and fish 
(Mauny 1967; Connah 1976). There is 
as yet no evidence for agriculture at 
these sites. It is possible that pasto¬ 
ralists penetrated even beyond the 
Sahel: the bones of small domestic 


cattle and dwarf goat, dating to the 
middle of the second millennium B.C., 
have been recovered from Kintampo, 
in the savanna region of Ghana 
(Carter and Flight 1972). From a 
culturally related and approximately 
contemporary site 95 km north of 
Kintampo have come almost one 
hundred hollow-based points of a 
type known thus far only from the 
Sahara. The same site has also pro¬ 
duced bone harpoons and dwarf-goat 
bones. On the basis of this evidence 
some authors hypothesize an invasion 
into Ghana from the north in the 
middle of the second millennium B.C.; 
however, it is by no means certain 
than an actual movement of people 
occurred (Davies 1966). 

The savanna and forest regions were 
not, of course, empty areas waiting to 
be inhabited. Very poor preservation 
of organic materials and the difficulty 
in identifying sites in heavily wooded 
terrain have conspired to limit se¬ 
verely our understanding of the Late 
Stone Age prehistory of the southern 
regions, 

It was formerly thought that human 
penetration of the forest did not an¬ 
tedate the introduction of iron tools 
for clearance of trees. However, the 
earliest phases of a microlithic in¬ 
dustry at Iwo Eleru rock shelter, lo¬ 
cated within the present forest zone 
of Nigeria, have been found to date to 
10,000 B.C. (Shaw 1978). The numer¬ 
ous microliths at Iwo Eleru may have 
been hafted obliquely along wooden 
shafts to make the points and barbs of 
arrows. Indeed, it has been suggested 
that bow hunting first opened the 
forest to human colonization by per¬ 
mitting hunters to exploit the rich 
fauna of the forest canopy (Shaw 
1978). Pottery and ground stone axes 
are added to the cultural inventory of 
Iwo Eleru soon after 4000 B.C. Several 
excavations in the savanna zone have 
revealed the same pattern of pot¬ 
tery-bearing levels with polished 
stone and microliths, stratified above 
an aceramic microlithic assemblage. 
At some sites, Late Stone Age mi¬ 
crolithic and pottery industries ap¬ 
parently continue into the first mil¬ 
lennium A.D. (Posnansky and McIn¬ 
tosh 1976). 

Other forest sites, however, have 
tendedto reveal a very different type 
of lithic assemblage dominated by 
large, flaked stone pick-like and 


hoe-like implements. These may be 
digging tools used to collect tubers, 
such as yams. Pottery also appears in 
these heavy-duty stone assemblages 
before 3000 B.C. Whether the intro¬ 
duction of pottery and ground stone 
in the savanna and forest zones sig¬ 
nals a shift in economy or a move¬ 
ment of peoples or ideas from the 
north is unknown. Similarly, the sig¬ 
nificance of the dichotomy between 
microlithic industries and those of the 
hoe and pick is unclear. It could be 
that the microlithic assemblages (e.g., 
at Iwo Eleru) and the hoe and pick 
assemblages simply represent dif¬ 
ferent seasonal activities. It has also 
been suggested that they reflect eco¬ 
logical differences, with microliths a 
savanna phenomenon and hoe and 
pick industries restricted to the for¬ 
est. Given the current limited state of 
knowledge concerning the changing 
position of the forest margin since 
10,000 B.C., these hypotheses are dif¬ 
ficult to evaluate. 

The origins of agriculture 

The questions of when and why 
domesticated plants were first in¬ 
corporated into Late Stone Age 
economies in West Africa continue to 
fascinate prehistorians. For several 
decades it has been assumed that 
plant domestication in West Africa is 
of considerable antiquity. Murdock 
(1959) suggested that the process had 
taken place by 4500 B.C., although no 
direct archaeological evidence was 
available to support this contention. 
Murdock’s theory generated the ex¬ 
pectation of a relatively early date for 
West African agriculture, and this 
expectation has endured remarkably 
in view of the continuing lack of direct 
supporting evidence. 

Much was written about early African 
domestication in the 1960s. ClaimB 
for sixth- and fifth-millennium agri¬ 
culture in the Sahara were based on 
rock paintings of "harvesting” scenes 
and on the large numbers of grinding 
stones and sickle blades found at 
many Late Stone Age sites. The pos¬ 
sibility That wild grain, rather than 
domesticated cereals, was collected 
and processed on a substantial scale 
in the Sahara during the Late Stone 
Age was not seriously considered. So 
strong was the presumption of early 
agriculture that domesticated cereals 
were identified at two Saharan sites 
on the basis of a single pollen grain. 


1 The 1970s were largely devoted to 
.j r econsidering the claims of the 1960s. 

' The fact is, even though large num- 
j (jers of wild grains and seeds or their 
T impressions in clay have been found 
I a t sites dating to the sixth through 
| third millennia B.C., no unequivocal 
1 evidence for domesticated plants has 
I teen recovered from any West Afri- 
■T ean site predating 1500 B.C. It thus 
j appears increasingly possible that 
agriculture is a genuinely late devel- 
; ppment in West Africa, in comparison 
, J with the early chronology for the 
i process documented in neighboring 
areas such as Egypt and the Near 
I East. At least in the cereal grass belt 
,1 of West Africa, pastoralism may well 
| have predated agriculture by several 
j millennia. Such a finding would pro- 
1 foundly alter our understanding of 
1 the evolution of pastoralism, which is 
1 now generally believed to be an off- 
■T shoot of agricultural systems. 

1 So far, only one site dated earlier than 
1 the first millennium A.D. has provided 
j definite proof of domesticated cere- 
J als. Evidence from the settlement 
| along the former lakebed at Tichitt 
j indicates that from 1500 to 1100 B.C. 
; people made their living by herding, 
I fishing, hunting, and collecting, in 
I much the same way as did earlier 
I Saharan Late Stone Age populations 
| located near permanent water 
I sources. Numerous impressions of 
I wild cereal grains occur on the Tichitt 
I pottery. Between 1100 and 1000 B.C., 
J as the lake dried up—fish disappear 
j from the local archaeological record 
j during this time—exploitation of wild 
grain resources seems to have in¬ 
creased greatly in importance. Im¬ 
mediately thereafter, in the period 
1000-900 B.C., domesticated bulrush 
millet appears, constituting an as¬ 
tounding 61% of all the identifiable 
grain impressions on the pottery 
(Munson 1976). 

This sequence appears to document 
the shift at Tichitt from the intensive 
collecting and processing of wild 
grains to a reliance on domesticates. 
The most intriguing aspects of this 
transition are its lateness, its rapidity, 
and its relation to severe climatic 
deterioration, This last point is cru¬ 
cial. Archaeologists have long theo¬ 
rized that agriculture may have orig¬ 
inated in response to a diminished 
food supply resulting either from an 
increase in population or from a re¬ 
duction in regional biomass due to 



Figure 5, Sculpted heads of terracotta are 
well-known from the Nok culture, named for 
its location in the Nok valley of central Nigeria. 
This statue (21 cm high) displays the elongated 
face and subtriangular eyes with circular holes 
for pupils that are characteristic of the statues 
produced in the Nok region between 600 and 
200 B.C. (From Meauze 1968.) 


climatic or physiographic change 
(Binford 1968). Clear archaeological 
evidence of a correlation between 
agricultural origins and either of these 
phenomena is rare, however. 

The evidence on West African agri¬ 
cultural origins is not all in, by any 
means. The available information 
suggests that the pattern of plant 
domestication in the cereal grass re¬ 
gions of the savanna, Sahel, and 
southern Sahara differs significantly 
from that documented in several 
other parts of the world by reason of 
its lateness and of the rapidity with 
which agriculture became a dominant 
element in the subsistence system. 
Research in Mesoamerica and the 
Near East, for example, indicates a 
much slower evolution, with several 
thousand years elapsing between the 
appearance of the first domesticated 
plants and their dominance in the 
subsistence economy, This shift may 
have been accomplished in 500 years 
or less in West Africa (Stemler 
1980). 

Another notable aspect of West Af¬ 


rican domestication is what has been 
called its noncentric pattern (Harlan 
1971), referring to the dozens of lo¬ 
cally important West African 
domesticated crops which must have 
arisen in many different areas from 
intensive manipulation of local 
plants. The West African cluster of 
locally important staple crops in¬ 
cludes several genera of millets, plus 
sorghum, African rice, fonio (another 
cereal crop), and groundnuts, not to 
mention the southern savanna and 
forest region staples such as yams, 
cowpeas, and tree crops. In the Near 
East, by contrast, a small constella¬ 
tion of staple crops—wheat, barley, 
flax, vetch, and pea—first appeared 
within a specific circumscribed area 
from which they spread outward, al¬ 
ways maintaining their position as 
basic crops in the areas they pene¬ 
trated, including most of Europe. 

It is significant that although the 
three West African sites dated earlier 
than 1000 A.D. which have so far pro¬ 
vided direct evidence of domesticated 
plants are all within the Sahelian 
zone, different cereals appear to have 
been adopted at each at quite differ¬ 
ent dates: bulrush millet ( Penniset- 
urn americanum) at Tichitt around 
1000 B.C., African rice (Oryza gla- 
berrima ) at Jenne-jeno by A.D. 50 
(McIntosh and McIntosh 1979), and 
sorghum (Sorghum vulgare) at 
Daima in the fifth or sixth century 
A.D. (Connah 1976). To understand 
why such diversity exists within a 
single ecological zone will require a 
meticulous documentation of the 
local conditions that may have en¬ 
couraged intensified exploitation of 
a particular wild cereal grass, or, as at 
Daima, adoption of a species origi¬ 
nally domesticated elsewhere. 

The already complex question of ag¬ 
ricultural origins in West Africa will 
certainly be further complicated by 
evidence from the forest and southern 
savanna. The major staple crop of •. 
these zones, the yam, does not leave 
much evidence for archaeologists. 
Although great antiquity has been 
claimed for yam domestication 
(Coursey 1976), no direct evidence for 
domesticated plants has been recov¬ 
ered south of 10°N latitude. It is cer¬ 
tainly possible that domestication of 
cereal in the north and yams in the 
south occurred millennia .apart, in 
response to different factors operat¬ 
ing on different ecosystems. 
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Figure 6, The 54 megalithic circles at Sine, clea were constructed as funerary monuments 
Senegal, comprise over 900 individually shaped in the later part of the first millennium A.D. 
stones, each measuring 1-2 m high. These cir- (Photo courtesy of C. Descamps.) 


knowledged that a probable source of 
the diffusion of iron technology was 
Meroe, in the present-day Republic 
of Sudan, From the sixth century B.C. 
until the fourth century A.D., Meroe 
was the capital of the ancient king¬ 
dom of Kush. The great slag heaps 
still visible testify to Meroe’s impor¬ 
tance as an industrial center as well. 
It was thought that iron technology 
diffused due west from here along the 
Sahel fringe, ultimately reaching 
West Africa. New radiocarbon dates 
from the iron furnaces at Taruga and 
Meroe have weakened this hypothe¬ 
sis, however (Calvocoressi and David 
1979; Shinnie 1977). It appears that 
the Nok and Meroitic iron industries 
were essentially contemporaneous, 
with the earliest dates for both in the 
sixth century B.C, 

It now seems more probable that 
West African iron technology was 
introduced from North Africa, where 
iron-using Phoenicians founded 
trading colonies, such as Carthage, on 
the northern tip of Tunisia, and 
Leptis Magna, near present-day 
Tripoli, from the ninth to the seventh 


Iron Age societies 

As far as we know, food production 
was the economic matrix for Iron Age 
cultures throughout West Africa. The 
earliest identifiable iron-using society 


smelting was independently invented 
in central Nigeria in approximately 
2500 B.C. By this view, knowledge of 
the process would then have diffused 
to Egypt, southwest Asia, and Eu¬ 
rope. This hypothesis assumes that 


centuries B.C. Several pieces of Car¬ 
thaginian-style bronze jewelry found 
in a sixth century B.C, context in 
western Mauritania testify to some 
contact between Punic North Africa 
and the southern Sahara. Berber 


in West Africa is the well-known Nok 
culture of central Nigeria (Shaw 
1978). The sophisticated terracotta 
heads associated with this culture 
were discovered before World War II 
in the course of open-cast tin mining 
in the alluvial gravels of the Nok val¬ 
ley; an example is shown in Figure 5. 
Early radiocarbon determination on 
charcoal from these deposits gave 
dates in the third, second, and first 
millennia B.C., and the circumstances 
of deposit suggested that cultural 
materials and charcoal in the alluvial 
gravels had been washed down the 
valley from several sites dating to 
different periods. Subsequent exca¬ 
vations at nonalluvial Nok sites have 
provided a firm radiocarbon chro¬ 
nology for the culture, with a dozen 
dates clustered from the sixth to the 
second centuries B.C. Many of these 
dates come from iron-smelting fur¬ 
naces at the site of Taruga. 

The origins of Nok iron technology 
are not well understood. Some au- 


the early radiocarbon results have 
accurately dated the iron artifacts in 
the Nok deposits. Most authorities 
agree, however, that these early dates 
are anomalous and can be explained 
by mixing of materials of widely dif¬ 
ferent ages through processes of ero¬ 
sion and secondary deposition. 

It is difficult, in any case, to see how 
the extremely complex process of iron 
smelting could have been invented in 
the absence of an earlier metallurgical 
tradition. The discovery of iron 
technology in southwest Asia and 
China, for example, was made only 
after more than 2,000 years of exper¬ 
imentation and the elaboration of a 
sophisticated copper and bronze 
technology. In West Africa the only 
metallurgy to precede the appearance 
of iron is the primitive molding and 
cold-hammering of unalloyed copper 
in restricted areas of the Sahara from 
the ninth century B.C. onward (Lam¬ 
bert 1971). 


tribes, such as the chariot-driving 
Garamantes mentioned by Herod¬ 
otus, may have been the intermedi¬ 
aries through whom the knowledge of 
iron passed from North Africa to 
south of the Sahara (Mauny 1978). 
Indeed, numerous rock engravings 
and paintings of horse-drawn chariots 
are found along a route traversing the 
Fezzan region, Tassili, Hoggar, and 
Adrar des Iforas, terminating at the 
Niger Bend. 

Why does iron show up earliest in 
central Nigeria, so much further 
south? And why is early iron so rare 
everywhere else? In fact, only two 
areas outside of Nok have yielded 
radiocarbon dates before 100 B.C. 
Two iron-smelting sites in Niger have 
given second- and third-century B.C. 
dates; a third site, Do Dimmi, pro¬ 
vided a seventh-century B.C. date, 
which is disbelieved by the excavators 
(Calvocoressi and David 1979). In 
southwestern Mali, iron slag and ar~ 


,i . . , ,i , , T . „ .... umuvw YToic AcwYwouuum ueuusiuj 

thors have seized on the third- and It is far more likely that iron was in- at Jenne-jeno which have been dated 
second-millennium dates from the troduced to West Africa from the to 280 B.C. ± 180 (McIntosh and 
Nok valley gravels to argue that iron outside. It was at one time widely ac- McIntosh 1980). 
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| Part of the answer certainly lies in the 
} small number of Iron Age sites that 
I have been systematically excavated 
j and dated. Yet there is also evidence 
(hat some Late Stone Age groups may 
not have accepted iron technology 
until the first millennium A.D. One 
( such site is Daima, located only about 
1800 km from Taruga, where iron has 
I not been found in deposits earlier 
■I than the fifth or sixth century A.D. 
; (Connah 1976). At several rock shel- 
j ters excavated in Sierra Leone and 
Liberia, iron appears even later. 

It is beginning to look as though iron 
technology did not spread through 
West Africa in a predictable, homo¬ 
geneous fashion. The actual pattern 
is perhaps more like a mosaic, with 
different chronologies for the process 
even in closely adjacent regions~a 
j pattern reminiscent of the spread of 
food production. If this is the case, 
then the major question of interest is 
no longer where the Nok technology 
originated, but why it was adopted 
there so early in comparison with 
neighboring regions. In the future, our 
understanding of the West African 
Iron Age may well be measured by our 
ability to answer this question. 

Although we still know very little 
about how the use of iron spread 
; through the subcontinent, we can 
: state with certainty that acceptance 
j of the technology had far-reaching 
1 consequences for West African so- 
| cieties. In regions lacking suitable 
stone for adzes and hoes, the intro¬ 
duction of iron agricultural tools may 
have opened up large areas of land to 
tillage. The new demand for high- 
quality iron probably intensified 
trade, with the concomitant appear¬ 
ance or elaboration of specialized 
castes of smiths. In many West Afri¬ 
can cultures today the blacksmith 
caste is an institution of fundamental 
significance to the texture of society, 
Blacksmiths figure prominently in 
the creation myths and oral traditions 
of many groups, and are often re¬ 
garded as being imbued with mystical 
powers. The origins of social stratifi¬ 
cation in West Africa may thus he 
intimately linked to the introduction 
of iron. 

Complex societies before 
A.D. 1000 

Little is known in detail about the 
evolution of West African societies 
from the beginnings of iron use until 



Figure 7, The site of Igbo Ukwu, in eastern 
Nigeria, contains many cast bronze vessels and 
copper objects of sophisticated design. An ex¬ 
ample is this leaded bronze vessel (32.3 cm 
high), a waterpot set on a pedestal and enclosed 
with ropework. (Photograph by D. Simmonds, 
courtesy of T. Shaw,) 


the historical period was inaugurated 
by Arab penetration of the West Af¬ 
rican Sahel at the end of the first 
millennium A.D. Yet it is clear that 
changes of great importance were 
occurring in certain regions during 
this period, transforming the non- 
centralized societies of the Late Stone 
Age into highly stratified systems, 
with power and wealth concentrated 
in the hands of godlike kings. By A.D. 
1000, large areas of West Africa were 
organized into empires, such as the 
empire of Ghana, which covered a 
large territory in the southeastern 
corner of present-day Mauritania and 
southwestern Mali, and which was 
replete with armies, cities, craft in¬ 
dustries, and long-distance trade. 
When and why did this happen? 

For many years it has been assumed 
that much of the impetus for the de¬ 
velopment of complex West African 
societies came from outside stimula¬ 
tion of the indigenous economy in the 
late eighth century A.D., as North 


African Arabs initiated trans-Sahar- 
an trade for gold and slaves from 
sub-Saharan regions, During the past 
decade, however, controlled excava¬ 
tions incorporating radiocarbon dat¬ 
ing programs have revealed evidence 
of complex social stratification, 
long-distance trade, and even ur¬ 
banism in West Africa by the middle 
of the first millennium A.D, We are 
thus on the brink of a fundamental 
revision in our views of the area’s later 
prehistory. 

We now have radiocarbon dates, for 
example, of the sixth to eighth cen¬ 
tury for two main types of funerary 
monument in the Senegal-Gambia 
region: tumuli and megaliths. The 
Senegalese tumuli are earthen or 
gravel mounds erected over the dead 
that range from 3 to 8 m in diameter 
and from 1 to 10 m in height, Only 
two of the 1,500 tumuli known have 
been excavated, but the results were 
spectacular, revealing at the site of 
Rao, in the north of the tumuli region, 
an individual buried with a superbly 
crafted gold pectoral and various 
other gold objects. At the Ndalane 
tumulus, toward the southern edge of 
the tumuli region, objects of iron and 
copper as well as gold beads accom¬ 
panied the collective inhumation of 
four or five individuals. This site was 
dated to A.D. 783 ± 119 (Descamps 
1979). 

Overlapping the distribution of 
tumuli is a zone of megaliths, which 
occur either individually or in align¬ 
ments of dressed cylindrical stones 
1-3 m high, painstakingly shaped out 
of lateritic rock. The most common 
setting is a circular alignment, which 
at some sites has been multiplied into 
a kaleidoscope of multicentric and 
tangential circles, as at Sine, which is 
located in the zone of overlapping 
tumuli and megaliths; here 900 me¬ 
galiths are grouped into 54 circles (see 
Fig. 6). The circular formations al¬ 
ways seem to contain at least one 
burial in the center, and collective 
burials of up to 59 individuals are 
known. Unlike tumuli, megalithic 
burials rarely contain grave goods, 
and these have consisted of a few pots 
or iron spears, bracelets, and beads 
(Descamps 1979). 

The precise significance of observable 
differences among the various me¬ 
galithic and tumuli sites is not known, 
although archaeologists often use 
differences in size of monument and 
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number of grave goods to infer the 
existence within a society of differ¬ 
entials in wealth, power, or status. 
Since we have yet to identify any 
Senegambian living sites contempo¬ 
rary with the megaliths and tumuli, it 
is difficult to cross-check the im¬ 
pression they give of considerable 
social stratification. But in this case 
the idea that burial treatment reflects 
status is supported by an Arab chro¬ 
nicle written in A.D. 1067, which de¬ 
scribes the construction of a large 
tumulus for the African king of the 
empire of Ghana. According to this 
account the dead king’s body, his 
ornaments, weapons, food, drink, and 
slaves (still living), were placed in a 
wooden chamber with a domed roof. 
The chamber was then closed and 
earth heaped Upon it until it resem¬ 
bled a hill. In actual fact several 
tumuli fitting this description, right 
down to the domed inner chamber 
and evidence of sacrificed slaves, were 
excavated early in this century in the 
Niger Bend region. Numerous tumuli, 
are visible in this flat region, some as 
large as 150 m in diameter and 15 m 
in height. 

At Tondidaro, along the Niger Bend, 
tumuli which have been radiocar¬ 
bon-dated to the seventh century A.D. 
stand among the remains of one of the 
most extensive megalithic alignments 
in West Africa (Salibge et al. 1980). 
Hundreds of the carved stones at 
Tondidaro were irreparably damaged 
by colonial administrators. Many 
questions remain unanswered con¬ 
cerning the relationship of Tondidaro 
megaliths to the Niger Bend tumuli, 
and the extent of possible connections 
between the Malian and Senegam¬ 
bian megaliths and tumuli. 

Recent excavations at an occupation 
site in the Inland Delta of the Niger 
River have provided insights into the 
process by which certain West Afri¬ 
can cultures expanded and became 
markedly more complex in the first 
millennium A.D. This site, called 
Jenne-jeno, is a mound of human oc¬ 
cupation debris measuring 2 km in 
circumference and 6-8 m in height. 
According to radiocarbon dates, it 
represents over 1,500 years of con¬ 
tinuous habitation, from about 250 
B.C. to A.D. 1400. During this period 
Jenne-jeno appears to have expanded 
rapidly in size, reaching a maximum 
area of approximately 330,000 m 2 by 
A.D. 800-900, and then undergoing 


gradual abandonment after A.D. 1150. 
This pattern of growth and decline is 
mirrored at settlements in the rural 
hinterland of Jenne-jeno, where the 
density of sites for the period A.D. 
700-1100 is almost ten times greater 
than the density of occupied villages 
in the area today (McIntosh and 
McIntosh 1980). Most, of these sites 
were apparently abandoned by A.D. 
1400, for reasons we do not yet un¬ 
derstand, 

Situated in an alluvial plain devoid of 
stone and iron ore, at the interface of 
Sudanic savanna and Sahel, Jenne- 
jeno is a natural candidate for the 
early development of interregional 
exchange. Iron and stone, whose 
nearest sources lie over 50 km distant, 
are both present in the earliest de¬ 
posits at Jenne-jeno. Copper orna¬ 
ments found in levels dated to about 
A.D. 400 must have come from Sa¬ 
haran sources; this is the earliest ev¬ 
idence for copper trade in West Afri¬ 
ca. It happens that copper and salt 
from the Sahara were particularly 
highly valued commodities in West 
Africa throughout historical times. 
Observers from the tenth through the 
fourteenth centuries A.D. reported 
exchanges of salt for equal its weight 
in gold, and copper for two-thirds its 
weight in gold. It has usually been 
assumed that long-distance trade in' 
these commodities between the Sa¬ 
haran and sub-Saharan regions did 
not really develop until Arabs orga¬ 
nized the trans-Saharan trade (Bovill 
1968). The evidence from Jenne-jeno 
suggests the existence of an earlier, 
indigenous trading system, which is 
confirmed at Marandet, in the Air 
region, where dates of A.D. 550 ± 100 
and 640 ± 100 were obtained on 
charcoal from refuse heaps containing 
over 30,000 crucibles used in copper¬ 
working, 

If the early trade in copper—and, 
presumably, salt as well—was as ex¬ 
tensive as the Marandet crucibles 
suggest, the easily navigable section 
of the Niger River between the Niger 
Bend at the edge of the Sahara and 
the western Inland Delta at the sa¬ 
vanna margin would have developed 
early as a major transport axis. The 
location of Jenne-jeno at the south¬ 
west extreme of the navigable Inland 
Delta favored the town’s growth as a 
point of exchange for Saharan copper 
and salt and for iron, gold, and agri¬ 
cultural produce from the savanna 


(McIntosh and McIntosh 1980), In 
return, Jenne-jeno could offer dried 
fish and rice from its rich agricultural 
hinterland. 

The development of indigenous, 
long-distance trade in West Africa by 
the first millennium A.D. provides a 
reasonable context for the increasing 
political centralization and growth of 
urban centers like Jenne-jeno. Let us 
recall that the empire of Ghana was 
fully extant when Arabs first pene¬ 
trated the southern Sahara in the 
eighth century. This fact has always 
been difficult to explain if one as¬ 
sumed that political consolidation in 
West Africa was a consequence of 
Arab-inspired long-distance com¬ 
merce. It now appears that Arab trade 
was merely superimposed on a 
preexisting system of Saharan and 
sub-Saharan trade networks. 

This reconstruction is supported by 
evidence for the rapid and very early 
dispersal of North African trade 
goods far into the interior of West 
Africa, which suggests movement 
along already extant routes. At the 
site of Igbo Ukwu, situated on the 
forest fringe of eastern Nigeria, ex¬ 
cavations have uncovered a stunning 
array of cast bronze vessels and finely 
modeled copper objects (Shaw 1970); 
a waterpot from this collection is 
shown in Figure 7. One of the exca¬ 
vation units revealed the burial 
chamber of a high-ranking individual, 
whose regalia included a bronze staff 
and whisk, chased copper pectoral 
and crown, and over 100,000 glass 
beads. Wood from the chamber has 
been dated to the ninth century A,D. 

The sophisticated bronze technology 
at Igbo Ukwu and the imported Is¬ 
lamic glass beads imply trading con¬ 
nections reaching into the Mediter¬ 
ranean world. The lour ninth-century 
radiocarbon dates for Igbo Ukwu, 
initially dismissed by scholars as 
centuries too early for such trade 
contacts with the forest, no longer 
seem anomalous in light of the grow¬ 
ing evidence for an extensive infra¬ 
structure of native trade, onto which 
Arab commerce was later grafted. It 
is increasingly clear that much of 
West Africa’s rapid development in 
the centuries after Arab penetration 
can be properly explained only in the 
context of earlier, indigenous pro¬ 
cesses of trade expansion, social 
stratification, and urbanism. 
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Topography of Venus and Earth: 
A Test for the Presence of Plate 
Tectonics 


New spacecraft data showing a nearly global view of 
the topography of Venus allow first comparisons to 
be made between Venus and Earth, the two largest 
terrestrial planets 


In the last two decades we have wit¬ 
nessed an unprecedented expansion 
in the exploration of the solar system 
and in the awareness of our planetary 
neighbors. We have walked on the 
moon, and automated spacecraft have 
revealed the surfaces of Mercury, 
Venus, Mars, and the satellites of 
Mars, Jupiter, and Saturn. Data de¬ 
rived from such spacecraft missions 
have allowed geologists to map the 
surfaces of planetary bodies and 
document the nature of geologic 
processes dating from the earliest 
years of. solar system history (Head 
1981). During the same two decades, 
the surface of the earth, particularly 
that part lying beneath the oceans, 
has become better known. The theory 
of plate tectonics, according to which 
the outer rigid lithosphere of the 
planet is divided into several large 
plates that are in continuous relative 
motion, was developed and generally 
accepted (Wilson 1963,1972; Dewey 
1972). 

This wealth of information about the 
planets produced a new discipline, 
comparative planetology. Analysis of 
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the interior and exterior of the earth 
and the other well-imaged planetary 
bodies revealed significant similari¬ 
ties and differences between them 
and led to the awareness of important 
factors in the evolution of planets 
(Head and Solomon 1981). For ex¬ 
ample, aside from the earth, all of the 
terrestrial planetary bodies whose 
surfaces are well-known (Mercury, 
Mars, the moon) have been charac¬ 
terized for most of their history by a 
single lithospheric plate covering the 
entire planet (Solomon 1978). These 
one-plate planets, all with diameters 
approximately half that of the earth 
or less, have stable surfaces, which 
have acted as passive recorders of 
surface geologic processes for at least 
the last four billion years. In contrast, 
the laterally moving litho¬ 
spheric plates of the dynamic earth 
have destroyed ancient rocks and 
have constantly created new surfaces. 
At present over 60% of the earth’s 
surface is less than 200 million years 
old, or less than 5% of the age of the 
planet. 

What accounts for this fundamental 
difference between the characteristics 
of the earth and those of the smaller 
terrestrial planetary bodies? Does the 
size of a planetary body govern its 
evolution? Are the conditions under 
which it originated, including those 
controlled by the temperature and 
pressure in the early solar nebula, 
significant factors? As planetary sci¬ 
entists have cast about for clues to 
these fundamental questions, their 
attention has again and again been 
focused on the cloud-shrouded planet 
Venus (Fig, 1) , Venus is a planet that 
has long been viewed as Earth’s twin. 
It is approximately the same size and 
density as the earth (Table 1) and is 
also the earth’s closest neighbor. De¬ 
tailed studies of Venus, therefore, can 


be expected to help us understand the 
factors responsible for the evolution 
of large terrestrial planets, including 
Earth. 

It was partly with these questions in 
mind that the National Aeronautics 
and Space Administration placed the 
Pioneer/Venus spacecraft in orbit 
around Venus in December 1978. A 
radar altimeter was placed on board 
the spacecraft in order to penetrate 
the dense cloud cover of Venus and 
begin to establish the nature of the 
planet’s topography. Since that time 
the Pioneer/Venus spacecraft has 
returned altimetry data for over 93% 
of the surface. The topographic data 
are obtained in the form of average 
elevations for areas of varying hori¬ 
zontal scale. The average horizontal 
surface resolution is between 100 and 
200 km, and vertical accuracy aver¬ 
ages about 200 m (Pettengill et al. 
1980a, b; Masursky et al. 1980). This 
information has been displayed on a 
color-coded elevation contour map of 
the surface of Venus (Fig. 2). This 
map reveals the configuration and 
distribution of the major topographic 
features and provinces of Venus, 

Venus topography 

On the basis of elevation and mor¬ 
phology, the surface of Venus has 
been subdivided into three major 
provinces (Masursky et al. 1980; 
Pettengill et al. 1980a, b). On Venus, 
because of the lack of a common 
datum, such as sea level, elevations 
are measured in terms of planetary 
radii. The lowlands province occupies 
the area lying between planetary radii 
of 6,049.0 and 6,051.0 km (deep violet 
through light blue in Fig. 2) and 
comprises about 27% of the surface 
viewed by Pioneer/Venus. Configu¬ 
ration of this terrain ranges from a 
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\ large, roughly circular depression 
;j (Atalanta Planitia, approximately the 
1 size of the Gulf of Mexico), through a 
j series of isolated discrete smaller 
I patches, to an extensive Y-shaped 
j lowland (Sedna Planitia and Guine- 
I vere Planitia). 

j The rolling plains province lies be- 
’ tween 6,051.0 and 6,053.0 km radius 
; (the four colors, dark blue-green 
■■ through bright green in Fig. 2) and 
occupies approximately 65% of the 
surface viewed by Pioneer/Venus. 
Within this province lie several large 
troughs of probable tectonic origin 
} and several plateaus (e.g., Alpha 
Regio) whose origin is uncertain. The 
rolling plains province also contains 
the highest areal density of circular 
■ structures that may represent impact 
craters (Masursky etal. 1980), 

; The highlands province lies between 
radii of 6,053.0 and 6,062.1 km (light 
green through white in Fig, 2) and 
1 occupies the remaining 8% of the 
; surface viewed by Pioneer/Venus. 
Highlands occur in three major areas 
of Venus. Ishtar Terra, at high 
northern latitudes, is a plateau-like 
area the size of Australia and includes 



a series of discrete mountain ranges, 
the most distinctive of which, Max- 
i well Montes, rises 11 km above the 
average planetary radius (6,051.5 
j km). Aphrodite Terra occupies an 
extensive equatorial region compa¬ 
rable in size to the African continent 
: and contains complex topography 
; including mountainous areas, a series 
j of distinctive troughs, and a large, 
; roughly circular area approximately 
2,600 km in diameter. Beta Regio is 
: dominated by two topographic fea- 
j lures rising about 4.5 km above the 
i mean planetary radius, Theia Mons 
and Rhea Mons, which may represent 
. large shield volcanoes (Malm and 
•: Saunders 1977). 

Comparisons to Earth 

A first-order comparison of the to- 
, pography of Earth and Venus can be 
made by plotting the percentage of 
j surface topography lying at different 
j elevations. Such plots are known as 
J hypsometric curves and have been 
j compiled for Venus (Pettengill et al. 

! 1980a, b; Masursky et al. 1980) and 
: Earth (Fig. 3). Examination of these 
: curves reveals that although the range 
. in topography is generally compara¬ 
ble, the distribution of elevations is 
radically different. The bimodal dis¬ 


tribution characteristic of Earth, and 
caused in part by the differences in 
composition and density between the 
continental and oceanic crust, is not 
seen on Venus, Rather, the topogra¬ 
phy of Venus is strongly unimodal, 
with 60% of the surface lying within 
500 m of the modal planetary radius 
(6,051.1 km) (Pettengill et al. 
1980b). 

What is the significance of this con¬ 
trast? Is it related to the small per¬ 
centage (~8%) of “continental-like” 
highlands on Venus relative to the 
one-third of Earth composed of con¬ 
tinents? Is the bimodality of Earth’s 
topography further accentuated by 


Table 1, Basic characteristics of terrestrial 
planetary bodies 

Mean 

Planetary Mass radius Density 
body (In Earth masses ) (Am) (sf/cm 3 ) 


Mercury 

0,055 

2,439 

5.43 

Venus 

0.815 

6,051 

5.24 

Earth 

1,000 

6,371 

5.51 

Mars 

0,107 

3,390 

3.93 

Moon 

0.012 

1,738 

3.34 


the weight of Earth’s ocean and its 
effect of further depressing the floor 
of the oceans? Or does the contrast 
result from fundamental differences 
in the composition, geologic processes 
(e.g., orogeny, erosion), and evolution 
of the two planets? 

One way to attempt to answer these 
questions is to look at the details of 
the surface topography and geomor- 
phic provinces on Venus (see Fig. 2), 
in order to document the nature of 
the surface geologic processes oper¬ 
ating there. On Earth, for example, 
we know that plate tectonics is the 
fundamental process responsible for 
the formation of folded mountain 
belts, the growth of continents, and 
the origin, evolution, and destruction 
of the seafloor. Do such processes 
operate on Venus? Recent consider¬ 
ations of the geochemistry, geophys¬ 
ics, and thermal characteristics of 
Venus have led to the suggestion that 
terrestrial-style plate tectonics is not 
possible on Venus (Anderson 1981) or 
is not active at present (Phillips et al. 
1981). 

Anderson argues that, because of the 
currently high surface temperature 
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Figure 2. This map of the topography of Venus 
is a computer rendering of radar altimeter data 
from the Pioneer/Venus spacecraft. The ver¬ 
tical resolution is approximately 200 m, the 
horizontal resolution about 100 km. Charac¬ 
teristics of the spacecraft’s orbit limited al¬ 
timeter coverage to between 74°N and 63°S 
latitude, covering 93% of the surface of the 
planet, The mean radius of Venus is 6,051,5 


t 


than the underlying mantle material. 
Inasmuch as terrestrial-style plate 
subduction is thought to occur be¬ 
cause of the negative buoyancy of 
oceanic lithosphere, subduction on 
Venus by this argument would not be 


km, occurring at the boundary between the 
medium blue and dark blue-green intervals on 
the map, The lowest topography is represented 
by a deep violet, corresponding to a planetary 
radius of less than 6,049.5 km. The elevation 
increases at 0.5-km intervals as the colors range 
from deep violet to brown. For elevations above 
6,056-km radius, corresponding to the colors 
brown to white, the contour interval is jn- 


, glob¬ 


ally thick crust of low density, 


The approach we take in this paper 
is to test the hypothesis that Venus 
has no plate tectonic processes oper¬ 
ating at present, relying solely on to¬ 
pographic evidence for such pro¬ 
cesses. 

Phillips and co-workers (1981) point 

to the lack of topographic features on If we examine the surface topography 
Venus analogous to the ocean rises on of Venus (see Fig. 2) in an attempt to 
Earth as an argument against answer these questions, we are im- 
present-day plate tectonics on Venus, mediately struck by the lack of fa- 
They suggest, however, that plate miliar geological features (lava flows, 
tectonics may have operated early in fault traces, crater ejecta, folded 
Venus history, prior to the destabili- mountains) that would allow us to 

L._i._.x._ 7gur _ . 


creased to 1 km. The highest contour interval, 
white, represents all planetary elevations above 
6,062-km radius, The topography is given a 
three-dimensional appearance by overlaying 
a computer simulation of shading, with the sun 
shining from the upper right. (This map of 
PioneerA^enus radar altimeter data [Pettengill 
et al. 1980a,b] was prepared by E, Eliason of the 
US Geological Survey.) 


been formed by specific geological 
processes. This lack of familiarity is 
due directly to the coarse resolution 
at which we are viewing the planetary 
surface. Resolution of less than a ki¬ 
lometer is required to characterize the 
geologic processes responsible for 


and Carr 1976). At a horizontal reso¬ 
lution of 100 km, we are often likely to 
include terrain formed or influenced 
by several different geologic pro¬ 
cesses. For example, a 100-km square 
superimposed on Washington, D.C. 
(Fig, 4) includes geological terrains 
ranging across the folded and faulted 


and metamorphosed rocks of the Blue 
Ridge Mountains and the Piedmont, 
the extensive fault troughs of the 
Triassic Period, and the flat-lying 
Coastal Plain sediments of the Cre¬ 
taceous Period, If the Pioneer/Venus 
spacecraft were in orbit around the 
earth, one altimeter data point cen¬ 
tered on the Washington, I). C., area 
would provide a single elevation for a 
series of complex geological features 
ranging from sea level to several 
} hundred meters in altitude. 

Carrying the idea of a Pioneer/Venus 
spacecraft in orbit around the earth 
one step further, we are faced with the 
intriguing question; If we viewed the 
planet Earth at Pioneer/Venus reso¬ 
lution, could we establish the pres¬ 
ence of plate tectonics on Earth with 
such information? 

Earth at Pioneer/Venus 
resolution 

Topographic data for Earth, with 
worldwide ocean depths and conti¬ 
nental elevations averaged for areas 
approximately 1° square in latitude 
and longitude MG0-km resolution) 
(Gates and Nelson 1973, 1975) are 
'displayed in Figure 5, Figures 2 and 5 
thus represent Mercator projections 
of the topography of Venus and Earth 
at comparable horizontal resolution. 
Note that the reference level for de¬ 
scribing Earth elevation is mean sea 
level, an equipotential surface rea¬ 
sonably well approximated by an el¬ 
lipsoid of revolution. The reference 
level for Venus is a sphere of mean 
Venus radius. 

.Since the method used to compile the 


chians, the ancient crystalline rocks 
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vat ion over a 100 km 2 area, the ex¬ 
tremes in topography for this plot are 
less (15.4 km) than the known range 
(10.7 km). For example, a single data 
point for the Himalayas will not 
rumple the top of Mi Everest but will 
produce an average elevation many 
hundreds of meters lower. This also 
means that the full range of topogra¬ 
phy fur Venus is not yet known, and 
that it may be several kilometers 
greater than that revealed by Pi- 
emeer/Venus. 

The difference in the total range of 
topography between Venus (13.7 km) 
and Earth (15,4 km) makes it impos¬ 
sible to produce exactly comparable 
maps. In constructing Figure 5, .we 
first correlated the topography of the 



-8 -4 0 48 

Elevation (km above sea level) 

Figure 3, Hypsometric curves of Venus and 
Earth show the percentage of global topogra- 


two planets using their mean eleva¬ 
tions, The mean elevation for Earth' 
(-2.3 km) (Balmino et al. 1973) is 
assigned the boundary between the 
same two contour-interval colors, 
medium blue and dark blue-green, as 
the mean elevation for Venus (6,051,5 
km radius), The contour intervals on 
the Earth map are then matched to 
those of the Venus map: 500 m until 
brown and 1 km for brown and higher 
elevations. Since Earth has a greater 
range below mean elevation than 
Venus, the lowest color slice on Earth 
(very dark purple) includes all to¬ 
pography deeper than 4,3 km below 
sea level, the deepest parts of the 


details of the deep topography of the 
ocean basins are lost in this map. As 
an alternative representation, Figure 
6 emphasizes the ocean basin topog¬ 
raphy: 500-m contour intervals begin 
at the bottom of Earth’s topographic 
spectrum and extend to the color level 
below white. The white includes the 


contour interval. 

Aliens first viewing Earth in the same 
way we are now seeing Venus (see 
Figs. 5 and 6) would initially notice 
two distinctive topographic prov¬ 
inces, the continents and the ocean 
basins. These provinces can be readily 


and distinctive topography. Conti¬ 
nental regions are primarily flat, with 
occasional linear and complex 


In contrast, oceanic 
are marked by continuous 


phy versus elevation for each planet. The data Plate-teCtOIliC features 


interval for the curves is 200 m. The terrain 
that contributes to the peak of the hypsometric 
curve for. Venus (top) encompasses the blue 
colors through the first three green colors on 
Figure 2, The data used for the curves for Earth 


over l°-square areas; the extremes of elevation 
are thus less than the known range. The curve 
in the center shows continental and suboceanic 
topography at different elevations as it actually 
exists, The curve at the bottom is the hypso¬ 
metric curve of Earth with the effect of the 
weight of the oceans on the ocean floor re' 
moved, The biroodality of the curve for Earth 
is in part a result of crustal differentiation, 
which creates large areal percentages of both 
lighter continental crust and denser oceanic 
crust. This bimodality can also be seen in Fig¬ 
ure 6, where the oranges and browns of the 
continents and the greens and blues of the 
ocean basins each constitute a large percentage 
of the map area. 


The distinctive topography associ¬ 
ated with plate tectonics on Earth 
occurs near the boundaries of the 
major lithospheric plates, where new 
crust is being formed and older 
lithosphere is colliding and being 
subducted and destroyed. We em- 


gions. The types of topography found 
at the various boundaries and their 
scales are illustrated in Figure 8. 


involve extensional stresses and 
faulting of the crust to produce a 
major rift valley. This rifting is often 
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is extremely distinctive, particularly 
in the North Atlantic and East Pacific 
oceans. 

The linear nature of spreading center 
topography is often offset by trans¬ 
form faults. These features form ap¬ 
proximately at right angles to the 
strike of the spreading center and 
offset the spreading ridge by dis¬ 
tances of up to several hundred kilo¬ 
meters. Identification of the distinc¬ 
tive topography of spreading ridges 
and their associated transform fault 
offsets would be an important step in 
establishing the presence of plate 
tectonics on Earth at this resolution. 
However, the number of places where 
this occurs is small relative to the 
large number of regions made com¬ 
plex by the topography associated 
Figure 4. The Pioneer/Venus altimeter obtains one shown here centered on Washington, D.C., with volcanic ‘hot spot ’ traces 

a single elevation measurement that is an av- may include a wide variety of geological units (Morgan 1971; Burke and Wilson 

erage of the topography over an area approxi- and topographic elevations, 1976) and aseismic ridges, and by the 

mately ioo km 2 . A ioo-km square, auch as the geometry and relationships of smaller 

plates and their boundaries. For ex¬ 
ample, the southern Atlantic, western 
Pacific, and Indian oceans appear as 

accompanied by extensive volcanic fact that the oceanic lithosphere acts a series of small, often isolated, to- 

■ activity. At the resolution of Figures as a thermal boundary layer, which pographic basins, the components of 

5 and 6, however, the East African rift cools as a function of time and dis- which are not clearly relatable to 

system appears as a broad regional tance from the spreading center. To- various aspects of plate-tectonic to- 

high, rather than a distinctive linear pographic elevation, e, decreases as pography (see Fig. 6). 

trough. This topography is due to a the square root of the seafloor age, t 



combination of broad thermal effects 
and a series of volcanoes (e.g., Kili¬ 
manjaro). The deepest parts of the 
rift valleys (the bottom of the East 
African lakes) can be seen as a series 
of spots or short linear segments. As 
continental rifting progresses, oceanic 
crust is created, and seafloor spread¬ 
ing begins. It is at this stage that the 
linear trough aspect of the, rift to¬ 
pography becomes clear. For exam¬ 
ple, the northern terminus of the East 
African rift in the Ethiopian-Afar 
area is a triple junction with the Red 
Sea rift and the Gulf of Aden, each of 
which is floored by oceanic crust. As 
spreading continues, the character¬ 
istics of the newly formed oceanic 
crust become more distinctive. 

The topography of the ocean floor 
surrounding a spreading center has 
three distinctive aspects: a median 
valley centered on the spreading ridge 
for most slowly spreading ridge sys¬ 
tems, a series of fracture zones ori¬ 
ented approximately orthogonal to 
the spreading ridge, and a broad to¬ 
pographic high decreasing in eleva¬ 
tion with increasing distance from the 
spreading center. This last charac- 


(Parsons and Sclater 1977): 

2flpm(Tj To) 

° (Pm-Pw) W 

where c 0 is the ridge elevation at t - 
0 (2.5 km below sea level), a is the 
coefficient of volumetric thermal ex¬ 
pansion (3.2 X 10“TO, p m is the 
mantle density (3.3 g/cm 3 ), p w is the 
density of seawater (1.0 g/cm 3 ), T; is 
the temperature of the base of the 
oceanic lithosphere (1,350 °C), To is 
the temperature at the ocean bottom 
(0°C), and k is the thermal diffusivity 
of the lithosphere (8 X 10 -3 cm 2 / 
sec). 

The shapes of ridge topographic 
profiles are a measure of seafloor 
spreading rates, with higher spread¬ 
ing rates giving rise to broad topo¬ 
graphic highs (e.g,, East Pacific Rise, 
spreading rate 6-17 cm/yr) and 
slower rates to narrower peaks (e.g., 
Mid-Atlantic Ridge, 2-4 cm/yr). The 
median valley, formed by normal 
faulting during the process of plate 
separation at most slowly spreading 
ridges, is not detectable at Pioneer/ 
Venus resolution. The thermal- 


Plate tectonics on Earth 

The major topographic characteris¬ 
tics of convergent plate boundaries 
are shown in Figure 8. The nature of 
such boundaries is generally deter¬ 
mined by the type of crust in the ad¬ 
joining plates, Ocean/ocean bounda¬ 
ries (e.g., western Pacific) result from 
subduction of one of the lithospheric 
plates and the formation of a trench 
(e.g., Tonga trench) at the surface 
boundary of the two plates, with an 
accompanying volcanic island arc 
within the overthrust plate (e.g., 
Tonga Islands). In ocean/continent 
boundaries (e.g,, the western coast of 
South America), the oceanic plate is 
subducted beneath the continental 
plate, producing a trench (Peru-Chile 
trench) and folded mountains with 
some volcanism (e.g., the Andes). In 
zones of continent/continent con¬ 
vergence, neither plate is subducted; 
instead the two plates collide, pro¬ 
ducing by a series of major over¬ 
thrusts a range of folded mountains 
(e.g., the Himalayas) and a broad 
zone of intracontinental deformation 
(Molnar and Tapponier 1975,1977). 


teristic is known to be related to the boundary-layer topography, however, Subduction zones are generally 
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characterized by distinctive topog¬ 
raphy. Trenches, however, are usually 
less than 100 km wide and thus at 
Pioneer/Venus resolution are not 
generally visible on Earth, although 
occasional isolated data points of very 
low elevation are encountered. 
Island-arc systems are visible (e.g., 
Japan, the Aleutians) but without the 
adjacent trench are not clearly iden¬ 
tifiable with plate tectonics; they 
often resemble hot-spot traces and 
ancient folded-mountain-belt to¬ 
pography. Young folded mountain 
belts are very distinctive as topo¬ 
graphic highs, particularly along the 
western coast of South America (the 
Andes) and in the Himalayas. How¬ 
ever, without more detail or associ¬ 
ated features, such as trench topog¬ 
raphy, they cannot be uniquely as¬ 
cribed to a plate-tectonic origin. For 
example, the Andes are in part com¬ 


parable to the rift-valley topography 
of East Africa, and the Himalayas are 
somewhat comparable to the topog¬ 
raphy of the Rocky Mountains of the 
western United States. However, 
these terrains are distinctly different 
in their mode of origin. Older folded 
mountain belts, such as the Alps, the 
Appalachians, and the Urals, are 
much less prominent, and neither 
their form nor location point un¬ 
equivocally to a plate-tectonic or¬ 
igin. 

On the basis of this analysis, we con¬ 
clude that, with the possible excep¬ 
tion of thermal-boundary-layer to¬ 
pography, the presence of plate tec¬ 
tonics on Earth cannot be uniquely 
established solely on the basis of 
Earth topographic data comparable 
in resolution to the Pioneer/Venus 
data for Venus. A knowledge of the 


general process of plate tectonics on 
Earth allows inferences to be made 
about the origin of some of the to¬ 
pography (e.g., the en echelon nature 
of some of the East Pacific Rise to¬ 
pography could be ascribed to trans¬ 
form fault offset of spreading 
ridges). 

The most promising aspect of our 
attempt to document terrestrial plate 
tectonics at these resolutions is the 
recognition of thermal-boundary- 
layer topography. Can we directly 
compare the maps of Earth and 
Venus in order to search for compa¬ 
rable topography on Venus? Two 
factors indicate that direct compari¬ 
sons should be made with caution, 
First, the volume of water in Earth’s 
ocean basins represents a load on the 
oceanic lithosphere; the floor of the 
ocean is thus depressed in proportion 


convergent plate boundary 

ocean/ocean 


divergent plate boundary 


convergent plate boundary 

continent/ocean 



divergent plate boundary 

continent/continent 


convergent plate boundary 

continent/continent 
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HH continental crust 
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Figure 8. A summary of major features associ¬ 
ated with plate tectonics is shown in these 
schematic drawings of generalized plate 
boundaries. Divergent plate boundaries are 
manifested by extensional rifting of the crust 
and lithosphere as the plate is pulled apart, and 
new material is upwelled from the mantle along 
the rift valley (e.g., East African rift: width 
225-900 km, height from surrounding terrain 
1.5 km; East Pacific Rise and Mid-Atlantic 
Ridge: 3 km elevation difference from crest of 


rise to abyssal sea floor), At convergent plate 
boundaries, trenches mark the locus of sub- 
duction of oceanic plates. Volcanism often oc¬ 
curs, on the overthrust plate at some distance 
from the boundary, caused perhaps by partial 
melting of the subducted plate. Where sub- 
duction occurs beneath continental crust, the 
overthrust plate is characteristically deformed, 
and mountain building can occur. (Typical el-, 
evation difference between top of mountain 
and bottom of trench: Marianas Islands and 


trench ~ 10 km; Java Islands and trench, ~7.5 
km; Andes and Peru-Chile trench, ~13 km). In 
the case of continent/continent convergent 
boundaries, neither plate is subducted; instead 
the plates collide with each other, producing 
extensive folding, widespread deformation, and 
a thickened and elevated continental crust 
(e.g., Himalayas and Tibetan Plateau: 1,100 km 
wide and 6 km high). 


to the thickness of the water load. 
Since Venus has no oceans, a more 
direct comparison would be to an 
Earth map with the influence of the 
oceanic load on the lithosphere re¬ 
moved (Fig. 7). Removal of this load, 
equivalent to setting p w = 0 in the 
equation, has the effect of broadening 
the topography associated with mid- 
oceanic ridges and reducing the 
magnitude of oceanic topographic 
relief (compare Figs. 6 and 7, and the 
middle and bottom curves in Fig. 3). 
A second factor has to do with the 
different surface temperatures on 
Earth (270°K) and Venus (740°K). 
The higher temperature on Venus 
means that the elevation of any ridges 


will be reduced by a factor of (1 - 
470°C/T’i) in the equation, an effect 
that will lessen the topographic sig¬ 
nature of a spreading center on Venus 
by an additional amount, comparable 
to the effect of the ocean loads. 

In conclusion, analysis of topography 
at this resolution in terms of geologi¬ 
cal processes is difficult; the difficul¬ 
ties are somewhat exacerbated by the 
presence of oceans on Earth and by 
temperature differences between the 
surfaces of the two planets. Given 
these problems, what can we say 
about the topography of Venus rela¬ 
tive to Earth and the other terrestrial 
planetary bodies? 


Further comparisons 

Topographic cross sections for Earth 
and Venus (Fig. 9) show many fea¬ 
tures that are comparable and yet 
distinctive from topography on the 
smaller terrestrial planetary bodies. 
For example, western Ishtar Terra is 
a steep-sided plateau capped by & 
prominent mountain range and is 
comparable to the topographic cross 
sections across Africa and South, 
America. Profiles across Ishtar Terra 
just to the west of Maxwell Montes 
look similar to those taken across the 
Himalayas. Both rise abruptly above 
the surrounding terrain and have 
steep-sided mountainous areas on top 


Figure 9. Topographic cross sections of Venus 
along latitudes ~65°N, ~37°N, and~5°S and 
of Earth along latitudes ~30°N and ~10°S 
show many similar features. Note that the 
vertical scale is greatly exaggerated. 


5,000 km 


Venus * 65° N 


I Maxwell Montes 
«—' s mil erra ''^ 

I .... l AtalantaPlanltia , 





620 American Scientist, Volume 69 




















of the plateau. Not only is the general 
shape of these two features compa¬ 
rable, but both rise about the same 
distance above the average radius of 
the planet. These examples differ 
from lunar topography and from the 
more gently sloping Tharis rise on 
Mars. 

The topography of the Indian Ocean, 
the Pacific Ocean, and Southeast Asia 
represents a combination of oceanic 
topography of complex origin 
(spreading centers, hot-spot traces, 
transforms) and a series of island arcs 
and back-arc basins. Much of this 
topography is comparable to the 
rolling plains province and parts of 
the uplands on Venus. Pacific Ocean 
topography is also comparable to 
Venus topography, with the Bast 
Pacific Rise being difficult to distin¬ 
guish from oceanic topography of 
other origins. Much of the short- and 
intermediate-wavelength topography 


on Venus is also comparable to cra- 
tered-terrain topography on Mars 
and the moon. For example, Masur- 
sky and co-workers (1980) have 
drawn attention to the similarities 
between Atalanta Planitia and lunar 
mare basins. Landforms of great re¬ 
gional extent are not grossly dissimi¬ 
lar between the two planets in several 
places. For example, Africa on Earth 
and Ishtar Terra on Venus are both 
large, high, plateau-like areas with a 
lowland trough separating them from 
an accompanying highland region; the 
Mediterranean Sea separating Africa 
from Europe and the N-S lowland to 
the east of Maxwell Montes separat¬ 
ing western and eastern Ishtar. Both 
also have marginal highlands, the 
Vesta Rupes on southwest Ishtar and 
the mountains bordering southern 
Africa. 

In spite of the difficulty in deter¬ 
mining a unique origin for the major 


Appalachian region near the Kentucky-Ten- 
nessee border has been processed to simulate 
the resolution expected from the proposed 
Venus Orbiting Imaging Radar mission. The 
area shown is approximately 100 km from top 
to bottom, comparable to a single Pioneer/ 
Venus radar altimeter data point. The struc¬ 
ture of the core of the folded mountain belt is 
clearly visible in the image as long parallel 
valleys and ridges. This allows geological in¬ 
terpretation of the area as mountain ranges of 
compressions! origin. 


topographic features of Venus, it is 
clear that Venus contains an array of 
landforms that are distinctive and 
different from much of the topogra¬ 
phy seen on the smaller terrestrial 
planets, Venus topography could 
represent many aspects of plate-tec¬ 
tonic processes that occur on Earth. 

Where do we find ourselves in terms 
of the stage of exploration and the 
level of understanding of the surface 
of Venus? Pioneer/Venus has pro¬ 
vided a major advance in our knowl¬ 
edge of the Venus surface, which has 
allowed the definition of major 
physiographic or geomorphic prov¬ 
inces (Masursky et al, 1980). The 
history of the exploration of the 
western United States offers an in¬ 
teresting analogy. The explorers of 
the 1700s and early 1800s returned 
with magnificent descriptions of the 
mountains, valleys, canyons, and 
plains. By the mid-1800s, the distri¬ 
bution of landforms was becoming 
increasingly well-known, so that a 
map of the broad physiographic 
provinces of the western United 
States could be compiled. Despite the 
years of individual observations and 
study required to compile sucha map, 
the distribution of surface landforms 
at this scale did not reveal the nature 
of the geologic processes responsible 
for the origin and evolution of these 
landscapes. Another century of de¬ 
tailed exploration was required to 
produce a geologic map of the West, 
In the exploration of Venus, we find 
ourselves in a position analogous to 
that of the mid-1800s for the western 
United States, We have done the 
preliminary reconnaissance and need 
further exploration to push back the 
frontier, How can we bridge the gap 
represented by a century of detailed 
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study on Earth, for a planet as distant 
and as cloud-shrouded as Venus? 

The National Aeronautics and Space 
Administration has proposed to un¬ 
dertake a mission to Venus that 
would bridge this gap and achieve the 
fundamental objective of providing 
the information necessary to charac¬ 
terize the geological processes re¬ 
sponsible for the distinctive topog¬ 
raphy of Venus. The mission, known 
as Venus Orbiting Imaging Radar 
(VOIR), would place in orbit around 
Venus a spacecraft containing radar 
instruments able to penetrate the 
thick Venus atmosphere and view the 
surface. The radar instrument is ca¬ 
pable of obtaining images of the en¬ 
tire surface of Venus at a resolution 
sufficient to detect and identify vol¬ 
canoes, folded mountain belts, cra¬ 
ters, and faults (Fig. 10). With such a 
mission completed and this infor¬ 
mation in hand, we could accomplish 
the geologic characterization of Venus 
in times measured in years rather 
than tens of decades. The exploration 
of Earth’s twin planet and the an¬ 
swers to fundamental questions con¬ 
cerning our planet’s uniqueness lie 
easily within our reach. 
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“The way I see it, the insectivores will take oyer the earth. 












Arthur a. Meyerhoff Energy Base of the 

Communist-Socialist Countries 

Whereas the USSR, strapped by outmoded 
technology and energy obligations to Eastern 
Europe, conceivably will be competing for OPEC and 
Mexican oil, China is moving toward energy 
independence through massive foreign assistance 


For many years the world outside the 
Communist-Socialist states has had 
increasing difficulty meeting its en¬ 
ergy requirements, In contrast, the 
Communist-Socialist countries have 
enjoyed much greater energy inde¬ 
pendence. This situation changed, 
however, when the USSR’s oil pro¬ 
duction began to stagnate during 
1980 at just over 12 million barrels 
(bbl) per day and its coal production 
declined between 1978 and 1980. 
Similarly, China’s oil production has 
leveled off at about 2.06 million 
bbl/day. The USSR appears to have 
decided to solve the problem inter¬ 
nally, with some purchases of foreign 
technology. China, in contrast, has 
turned openly to Japan and the West 
for financial and technological help. 
Both countries suffer from many 
years of isolation and the resultant 
development of a backward, inbred 
technology, but no nation has fallen 
as far behind in petroleum technology 
as the USSR. This—and not a lack of 
resources—is why the USSR petro¬ 
leum and coal industries are begin¬ 
ning to stagnate. 

The backwardness of the USSR is in 
part the result of national policy and 
national pride and in part the result 
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of a lack of hard currency with which 
to make critical purchases. If the en¬ 
ergy situation in the USSR and East¬ 
ern Europe continues to deteriorate, 
the Soviet bloc will ultimately have to 
turn to the non-Communist market¬ 
place—OPEC, Mexico, and elsewhere. 
Such competition with Japan and the 
Western powers for major energy 
supplies from abroad will aggravate 
already strained international rela¬ 
tions. Ironically, the USSR is fully 
capable Of making itself independent 
of foreign resources and technology 
for two decades or more if it can 
overcome the bureaucratic inertia 
that has led to postponement of cru¬ 
cial leadership decisions in the energy 
field for many years, decisions that 
should have been made at least a 
decade ago. 

In this paper, I concentrate on the 
three principal geographic entities of 
the Communist-Socialist world—the 
USSR, Eastern Europe, and China. In 
Eastern Europe, I discuss only the 
Warsaw Pact nations of Bulgaria, 
Czechoslovakia, East Germany 
(ddr), Hungary, Poland, and 
Rumania. Yugoslavia has long been 
more closely allied to the Western 
world, and Albania contributes a 
negligible amount to the total equa¬ 
tion, Similarly, other Communist- 
Socialist states and allies, such as 
Cuba, Grenada, Nicaragua, Vietnam, 
North Korea, Kampuchea, Angola, 
and Ethiopia, are not considered be¬ 
cause of their minor importance 
overall with respect to the energy 
problem. 

The importance of understanding 
what is happening in the three great 
Communist-Socialist blocs cannot be 
overstated. The problems of the 
USSR, Eastern Europe, and China 
are already becoming the problems of 


the Western industrial world and 
Japan. It is in the interest of world 
survival that the energy problems of 
the Communist-Socialist states be 
solved, as soon as, if not sooner than, 
similar problems elsewhere. It is en¬ 
couraging to know that two of the 
three regions have sufficient energy 
resources to solve their developing 
crises, but it is unfortunate that the 
USSR has waited so long to face up to 
its own situation. 

The Soviet Union 

The Soviet Union is the world’s larg¬ 
est energy-producing and energy- 
resource power. It is third in indus¬ 
trial output (after the US and Japan) 
and second in energy consumption 
(after the US). Its 22.5 million km 2 
contains the largest areas of cod- and 
petroleum-bearing basins on earth, 
the distribution of which is shown in 
Figure 1. Its 1979 production of oil 
and natural gas liquids was 11.71 
million bbl/day (Table 1); this rose to 
12.06 million bbl/day in 1980, or 4.38 
billion bbl/yr, which was 320,000 
bbl/day short of the original goal. 
This compares with 1980 US oil and 
natural gas liquids production of 10.2 
million bbl/day and with Saudi Ara¬ 
bian production of 10 million bbl/day 
(now down to 9 million bbl/day). 
Table 2 shows the USSR’s energy 
mix. 

The Soviet Union is the world’s sec¬ 
ond largest producer of gas after the 
US. Gas production in 1980 was 42 
billion cubic feet (bcf) per day, versus 
56 bcf/day in the US. [The units in 
which the measurements were origi¬ 
nally made have been retained 
throughout the article.] Coal pro¬ 
duction fell to 719 million metric tons 
(mint) in 1979,5 mmt less than the 
output in 1978 and 33 mmt below the 



Figure I. The Soviet Union includes within its Siberian Basin. Uncertain boundaries and 
boundaries many large sedimentary basins areas in which such basins are thought, but not 

Uhown in color) containing oil, gas, and coal, known, to exist are indicated by hatching. 
The most productive at present is the West 


goal for the year, and to 715 mmt in 
1980. By comparison, US coal pro¬ 
duction for 1979 was 686 mmt. The 
1979 decline was the first significant 
decrease in production in 20 years, As 
a result, all coal exports to the West 
had ceased by 1981. In terms of heat 
value, coal production fell by about 
1% in 1979. In fact, of the three hy¬ 
drocarbon fuels—oil, gas, and coal- 
only gas continued to show a steady 
rise in production, owing to the huge 
gas pools of West Siberia, which are at 
very shallow depths (700 to 1,900 m), 
well within the economic limits of the 
nation’s outdated drilling rigs, 

Thus, despite the stagnation in oil 
and coal extraction, the USSR at the 
end of 1980 was still an energy-inde¬ 
pendent nation, in sharp contrast to 
the US, which has to import much of 
its energy. In 1980 the US consumed 
per day about 17.2 million bbl of oil 
and natural gas liquids and 58 bcf of 


natural gas. It must, therefore, import 
both oil and gas, In contrast, the per 
diem consumption of the USSR is only 
8.9 million bbl of oil and 35 bcf of gas. 
The US, because of its large con¬ 
sumption, has huge annual import 
bills, which, by the end of 1980, had 
risen to about $87 billion. (This is 
expected to drop to about $70 billion 
in 1981 because of voluntary conser- 1 
vation.) The USSR still exports oil and 
is becoming a major exporter of gas, 

Western Europe shares the same 
problems as the US, except that the 
volume of oil and gas it must import 
is greater. It produces only 2.3 million 
bbl/day of oil and natural gas liquids 
but must import about 12.5 million. 
Coal production has been decreasing 
for decades and is now down to 362 
mmt. Japan is in even more dire 
straits, having to import all but a 
trickle of its oil, gas, and coal. It im¬ 
ports nearly 5.5 million bbl/day of oil 


and natural gas liquids, or 99.8% of its 
needs. 

Since the 1960s, however, the USSR 
has been acquiring an energy crisis of 
its own, albeit of a different type from 
the crises in Japan and the West. 
Most of its oil, which once came from 
the European USSR and the Cas- 
pian-Caucasus region, now emanates 
from the West Siberian Basin, a re¬ 
mote and inhospitable area far from 
population and manufacturing cen¬ 
ters. Since the shift, production in the 
“old” areas has begun to decline. 
While internal consumption rises 
steadily each year, so does the con¬ 
sumption of Eastern Europe, which 
receives about 80% of its petroleum 
supplies from the USSR, The energy 
mix of the USSR, which only 20 years 
ago was about 60% coal, is now 68% 
petroleum (see Table 2). 

Figures 2 and 3 show oil and gas pro- 
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Table 1. Production and consumption of oil, gas, and coal in Communist-Socialist countries in 1979 



Oil production 

Oil consumption 





Coal 

Coal 


(1,000 

(1,000 

(1,000 

(1,000 

Gas production 

Gas consumption 

production consumption 

Country/region 

bbl/day ) 

bbllyr) 

bbl/day) 

bbllyr) 

(bcf/day) 

(. bcflyr ) 

(bcf/day) 

(bcf/yr) 

(mmtlyr) 

(mmtlyr) 

USSR 

11,710 a 

4,274,150 

8,900 a 

3,248,500 

39.4 

14,381.0 

34.7 

12,665.5 

719 

693 

Eastern Europe 

313 

114,245 

2,122 

774,830 

5.3 

1,934.5 

7.8 

2,847,0 

692 b 

647 b 

Bulgaria 

3 

1,095 

320 

116,800 

M) 

~o 

0,3 

109.5 

25 

25 

Czechoslovakia 

2 

730 

387 

141,255 

0.1 

36.5 

1.1 

401.5 

124 

124 

DDR 

1 

365 

375 

136,875 

0.8 

292.0 

1.2 

438.0 

253 

253 

Hungary 

41 

14,965 

242 

88,330 

0.6 

219.0 

0.9 

328.5 

26 

26 

Poland 

7 

2,555 

389 

141,985 

0.7 

255.5 

1.1 

401.5 

235 

190 

Rumania 

259 

94,535 

409 

149,285 

3,1 

1,131.5 

3.2 

1,168.0 

29 

29 

People's Republic of China 

2,123° 

774,895 

1,784° 

651,160 

1.4 

507.9 

1.4 

507.9 

635 

635 


sources; Dienes and Shabad 1979; cia 1980a,b; Jones 1980; Meyerhoff 1980a 

a The difference between oil production and consumption, 2,890,000 bbl/day, is exported—about 1,900,000 bbl/day to Eastern Europe, the remainder 
to hard-currency nations, 

b The coal figures for Eastern Europe are projected from 1978 figures but are not in error by more than 5%, 

0 The difference between oil production and consumption, 329,000 bbl/day, is exported—mainly to Rumania and hard-currency nations. The volume 
of exports was cut in 1980 and 1981. 


duction, respectively, for the USSR as 
a whole. The only area in which there 
is a major increase is West Siberia, 
which now provides nearly 53% of the 
Soviet Union’s oil and natural gas 
liquids. The supergiant Samotlor 
field contributes significantly to this 
West Siberian production. Other 
areas in which oil production is not 
declining are the Komi Republic 
(Timano-Pechora Basin), Sakhalin, 
Central Asia, and the Georgian Soviet 
Socialist Republic, but they produce 
only about 550,000 bbl/day at 
present. This is not enough to offset 
declines in the Volga-Urals Basin, 
which until 1978 was the main center 
for oil production, and elsewhere. 

To make matters worse, the nation’s 
discovery rates per foot of exploration 
drilling have dropped steadily 
throughout the country, both within 
and outside West Siberia. Figure 4 
shows new well flows in the West Si¬ 
berian Basin, and the decrease, both 
during recent years and projected for 
the future, is very discouraging. Only 
one giant field has been discovered 
since 1965, the year in which the Sa¬ 
motlor field, which will produce at 
least 15.6 billion bbl, was found. This 
single giant is Fedorovsk, and it is just 
large enough to replace three giant 
fields that are nearly depleted. Unless 
several new Samotlors are found 
quickly, in West Siberia or elsewhere, 
the USSR will have severe problems 
before the end of the decade, not the 
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least of which will be strong compe¬ 
tition from Japan and the West for 
OPEC, Mexican, and other non- 
Communist oil. 

The USSR’s other major problems are 
of several kinds, none of them similar 
to those that face the West and 
Japan. In general, the US, Western 
Europe, and the USSR have favorable 
geology for the generation and accu¬ 
mulation of petroleum, but in West¬ 
ern Europe and the US, only a few 


Table 2. Energy mix (%) of Communist- 


Socialist countries in 1977 


Elec- 

Country! region 

Oil 

Gas 

Coal tricitf 

USSR 

44 

23 

30 

3 

Eastern Europe 

25 

16 

56 

3 

Bulgaria 

48 

8 

32 

12 

Czechoslovakia 

26 

9 

62 

3 

DDR 

20 

7 

71 

3 

Hungary 

39 

23 

34 

5 

Poland 

15 

7 

77 

1 

Rumania 

28 

51 

18 

3 

People's Republic 
of China 

20 

11 

68 

1 


sources: cia 1979a; Dienes and Shabad 1979; 
Meyerhoff 1980a 

a Includes nuclear in ussr, China, Bulgaria, 
Czechoslovakia, and ddr 


frontier regions remain to be ex¬ 
plored. In contrast, there are still 
more than a dozen major frontier 
areas in the USSR. Japan, unlike these 
other regions (except easternmost 
USSR), is a volcanic province unfa¬ 
vorable for the formation of petrole¬ 
um, and it produces less than 11,000 
bbl/day, down from a peak of-18,000 
in 1979. 

The USSR is vastly underdrilled, 
mainly because it lacks advanced 
petroleum exploration and produc¬ 
tion technology. This absence of ad¬ 
vanced technology extends even to 
pipeline and refinery operations. In¬ 
deed, lack of sophisticated equipment 
is the principal reason why coal pro¬ 
duction has also fared so badly during 
the last few years. 

In the case of petroleum, the tech¬ 
nology in use is 12-35 years out of 
date. It takes 90-400 days, for exam¬ 
ple, to drill wells to depths of 
3,000-3,400 m, versus 34 -45 days in 
the US. A 5,000-m well takes 3 5 
years to drill, versus 6 months or less 
in the West. If a field is discovered at 
5,000 m, therefore, it may take 10 15 
years to develop It and put it on 
stream, in contrast to 14 years in the 
West 

It is this backward technology that 
produced the sharp downturn in the 
rate of discovery of new fields in the 
Soviet Union and that, as a conse¬ 


quence, caused the rate of production 
to decline. Production, which rose 
steadily at annual rates of 6-7% 
through the late 1960s and most of 
the 1970s, is now increasing at a rate 
of less than 2%. In recognition of these 
declines, the production quota for the 
1981-85 Five-Year Plan has been 
lowered to far below the original tar¬ 
get—in fact, to the target originally 
set for 1980. The original quota for 
1980 was 12.4 to 12.8 million bbl/day; 
the new quota for 1985 is 12.4 to 12.9 
million bbl/day. Furthermore, new 
plans for utilizing less petroleum and 
more coal, hydro, and nuclear energy 
have been devised by the Ministry of 
Power and Electrification, as well as 
by other ministries; these are shown 
in Table 3 (Neporozhniy 1979). 

The gravity of the problems cannot 
be overstated. Many persons have 
made derogatory remarks about the 
CIA’s predictions (1977a, b), but the 
CIA has turned out to he more nearly 
correct than anyone, except for the 
USSR Ministry of Oil Industry itself, 
which in 1974 forecast a downturn in 
production, possibly by 1982 (sum¬ 
marized in Meyerhoff 1980c), It is 
also of some interest to note that the 
decline in USSR oil production was 
originally forecast by Communist 
Party economists in Poland (Albi- 
nowski 1966) and Hungary (Dobozi 
1973). 

Some of the implications of a down¬ 
turn, such as strong competition be¬ 
tween the Soviet Union and Western 
powers for OPEC oil, have been men¬ 
tioned. One must keep in mind that it 
is Soviet policy to be self-sufficient, 
and it now looks as if the Soviet 
Union may not be self-sufficient 
much longer. It is also Soviet policy to 
provide Eastern Europe with what¬ 
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Figure 2, From 1960 to 1979, the overall oil 
output of the USSR rose steadily. Most of the 
increase came from West Siberia, and in par¬ 
ticular from the enormous Samotlor field. 
Production from the Romashkino field and 
other fields in the Volga-Urals Basin, which 
once supplied the bulk of Soviet oil, has now 
started to decline, 
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Figure 3, Between 1960 and 1980, the largest 
' increase in USSR production of natural gas, as 
: of oil, came from West Siberia, Since 1970, 
production from other sources has either de¬ 
clined or risen more slowly than in West Si¬ 
beria, 


keep a tight rein on those countries 1 1 ,ooo 
that might wish more independence, ° 

Still another Soviet goal is to earn as | 
much hard currency as possible, in n 5Q0 


abroad. 


Early in 1980, the Eastern European 



partners wcie auv«™, .T , 

time at least, that the USSR could not 
export more oil to them than it did m 
1980, Thus, Eastern European 
countries are turning elsewhere to 
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Figure 4, Since 1972, there has been a decrease 
in the amount of oil flowing from new wells. 
The data shown here are taken entirely from 
Soviet sources; from Muravlenko and Krem- 
neva 1977 and Guzhnovskiy 1977 for 1970-75, 
from Filanovskiy 1980 for 1976-80, and, pro¬ 
jected for the current and next Five-Year 
Plans, from Lalayants 1980, 


grip on Eastern Europe against losses ; 
in hard currency. To date, hard-cur¬ 
rency earnings have not declined,: 
because the price of oil has risen as 
the volume of oil sold abroad has de-; 
creased, This situation, however, 
cannot last indefinitely. Thus, Japan 
and the West are faced with several 
possibilities, of which I mention just; 
two: first, that the USSR will become, 
dependent on foreign sources of en- j 
ergy while it builds up its own tech- i 
nology for more efficient exploration 
in the future; or second, that the USSR 
will be tempted into additional for-; 
eign ventures, including attempts to j 
control Middle East oil supplies. 

In a July 1976 speech reported in ; 
Pravda, Brezhnev told the visiting 
President of Somalia (then friendly j 
with the USSR), Mohammed Siad 
Barre, that “our aim is to gain control 
of the two treasure houses on which 
the West depends-the energy trea¬ 
sure house of the Persian Gulf and the 
mineral treasure house of central and 
southern Africa.” In this statement,: 
Brezhnev was enunciating a corner¬ 
stone of Soviet foreign policy that 
dates from at least 1958. Figure 5 
shows the locations of these two 
treasure houses. A crescent-shaped 
area passing from northern Algeria 
through North Africa and the Middle 
East to the West Siberian and Ti¬ 
mano-Pechora basins of the USSR 
contains at least 74% of the world’s 
proved oil and gas deposits. A second; 
area, adjacent to the outer edge of the 
crescent and passing through the 
mineral belts of Yakutia, Kazakhstan, 
southern Afghanistan, and central, 
and southern Africa, includes 61% of; 
the world’s proved deposits of non- j 
petroleum minerals. It is also within. 
these two belts that most of the; 
world’s future mineral discoveries can | 
be expected. 

How much oil and gas remain to be 
found in the Soviet Union is uncer¬ 
tain. My own studies of the USSR’s: 
basins (Meyerhoff 1980c) suggest that 
perhaps 400 to 500 billion bbl of oil 
and natural gas liquids and more than 
3,200 trillion cubic feet (tcf) of natural 
gas could ultimately be produced in' 
the USSR (Table 4). Of these 
amounts, 63 billion bbl of liquids and 
187 tcf of gas had been produced 
through 1980. Based on the volume of 
sediments, the 400-500-billion-bbl 
figure for oil seems very reasonable. 
With Soviet technology, it is possible 
that the ultimate recovery, from both 
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Table 3. Four schemes for changing the energy mix of the ussr 5 



Year 

Oil and 
condensate 

Gas 

Coal 

Nuclear 

Hydro 

Other 


1975 

43 

21 

30 

nil(0.06) 

1 

5 

Case 1 

1990 

36-37 

26-27 

27-28 

4-5 

2 

3 


2000 

28-30 

27-28 

28-31 

11-13 

2 

2 


1975 

43 

21 

30 

nil(Q,06) 

1 

5 

Case 2 

1990 

34-35 

26-27 

28-29 

5-6 

2 

2 


2000 

25-27 

26-29 

31-33 

13-15 

3 

2 


1975 

43 

21 

30 

n!l(0.06) 

1 

5 

Case 3 

1990 

33-35 

31-33 

25-27 

6-7 

1 .5-2.0 

2-3 


2000 

25-30 

25-30 

26-29 

8-10 

4-5 

2-3 


1975 

43 

21 

30 

ni 1(0.06) 

1 

5 

Case 4 

1990 

33-35 

31-33 

25-27 

6-7 

1 .5-2.0 

4-5 


2000 

25-30 

25-30 

27.5-33 

8-10 

2-3 

2-3 

source: Neporozhniy 1979 







because the results obtained are similar. 


and offshore, will not exceed 220 billion bbl. A study of Soviet litera- 


was between 25.5 and 51 billion bbl. 
The CIA estimate is within this range. 
On the basis of my own studies of 
most of the oil fields in the Soviet 
Union, I estimate that proved re¬ 
serves as of 1 January 1980 were 
about 43.5 billion bbl (see Table 4). 
The previously cited unpublished 
study by the USSR Ministry of Oil 
Industry in 1974 indicates that the 
proved reserve is closer to 25.5 than to 
43.5 billion bbl, and that the USSR 
will be entering the world market 
some 2 to 5 years after 1985. It might 
be in the best interests of the West 
and Japan if the USSR were permitted 
to purchase advanced technology for 
its oil industry, so as to keep it and its 
allies out of the world marketplace. 
Eastern Europe is already shopping 
for energy supplies in OPEC and other 
oil-producing states. In fact, Rumania 
today imports some oil from both the 
Middle East and China. 

Eastern Europe 

Eastern Europe, seized by the Soviet 
Union as a buffer zone during and just 
after World War II, has hardly turned 


billion bbl; with Western technology, ture suggests that, shortly after 1968, after World War 11, has hardly turner 
this volume would be increased the reserves-to-production ratio fell out to be a blessing for the USSR, be 
greatly below 12:1. Recent literature (sum- cause the Eastern European state: 


below 12:1. Recent literature (sum- cause the Eastern European states 
marized in Meyerhoff 1980c) suggests have caused many headaches, even 


Proved reserves, as opposed to re- that it could now be as low as 6:1. nightmares, for Soviet leaders. Two 

sources, however, are much smaller. Thus, on the basis of the 4.25-bil- countries, in fact, have long since left 

In 1977, the CIA (1977a) estimated lion-bbl production in 1979, the the Soviet orbit—-Yugoslavia and 

that proved reserves were 30 to 35 proved reserve as of 1 January 1979 Albania. 



Figure 5, .The giant oil and gas fields of the of the world’s proved oil reserves. Nonpetro- 
world are concentrated in a relatively small, leum minerals are somewhat less concentrated, 
crescent-shaped area (color) that contains 74% but 61% of the proved reserves are located in a 


semicircular area (gray) bordering the outer 
edge of the crescent, 


Table 4, Reserves and resources of oil, gas, and coal in Communist-Socialist countries in 1979 


Oil (billion bbl) Gas(tcf) _ Hard coal (bmt) Soft coal (bint) 

Reserves Resources Reserves Resources Reserves Resources Reserves Resources 

43 384° 850 2,150 147.0 4,553.0 108.0 1,982.0 


Eastern Europe 
Bulgaria 
Czechoslovakia 
DDR 
Hungary 
Poland 
Rumania 


i's Republic of China 


195.77 1,299.23 


sources: Petroconsultants 1978; cia 1979b; Dienes and Shabad 1979; Meyerhoff 1980b; and International Petroleum Encyclopedia 1980, For China. 
Jones (1980) gave 600 billion metric tons (bmt) of "verified" coal reserves and 5,000 bmt of "estimated" reserves but cited no source. She Implied 
that the source was Chinese and that the estimate was for early 1980. Smll (1976) provided several published estimates of China’s coal reserves 
and resources, including all published Soviet studies through 1960.1 have used the work of Petroconsultants (1978), because it provides a measure 
of consistency that is absent In other studies. Soviet figures include proved plus probable reserves and resources. Following Soviet custom, I have 
included sub-bituminous coal in the “hard coal" category. 

a This figure—384 billion bbl—is considered by many to be too high, It encompasses all areas of the ussr, Including the continental shelf and slope. 
The figure is also based on the assumption that Western technology will be used. If current Soviet technology is employed, I estimate that this figure 
will not exceed 115 billion bbl. 


Tables 1,2, and 4 explain why the 
Eastern European countries are 
problems for the Soviet Union, at 
least from the standpoint of energy., 
Table 2 shows that Eastern Europe’s 
energy mix is 41% petroleum and 56% 
coal, nearly the opposite of the USSR’s 
67% petroleum and 30% coal. How¬ 
ever, as Table 1 shows, Eastern Eu¬ 
rope produces only 313,000 bbl of oil 
per day, whereas it consumes 
2,122,000 bbl/day. All but a small part 
(20%) of the imported petroleum 
comes from the Soviet Union, which 
must therefore allocate steel goods 
and rail stock for transporting energy 
to Eastern Europe. Table 1 also 
demonstrates the surprising fact that 
the annual coal production of Eastern 
Europe is nearly the same as that of 
the USSR, and that Poland is a coal 
exporter, sending nearly 40 mmt per 
year to Italy. (These exports had 
dwindled to zero by December 1980 


because of strikes [Anonymous 
1980].) Table 4 indicates that reserves 
and resources of all forms of energy in 
Eastern Europe are miniscule, in 
contrast to those of the USSR. Eastern 
Europe will therefore become a 
steadily increasing energy burden to 
the Soviet Union. 

Shortly after the Eastern European 
trading bloc with the USSR was es¬ 
tablished, each country was assigned 
the task of manufacturing certain 
high-technology goods for the Soviet 
Union. In short, the Soviet Union saw 
Eastern Europe’s greater skills in 
producing various types of critical 
machinery as more than compensat¬ 
ing for any lacks in raw materials for 
manufacturing. Yet matters did not 
work so simply. Instead, the Eastern 
European countries, deprived of fi¬ 
nancial incentives, did not live up to 
their promise or realize their potential 


as suppliers of critical, finished 
manufactured goods for the USSR. 
Only Rumanian-built petroleum- 
exploration equipment—mainly 
drilling rigs—is available for export, 
but the USSR does not purchase Ru¬ 
manian equipment, even though it is 
much better than Soviet equip 
ment. 

Instead, the countries of Eastern 
Europe have become an increasing 
burden, as anti-Soviet political ac¬ 
tions from 1953 to the present have 
proved repeatedly. One need only 
think of the East Berlin riots of 1953, 
the Poznan troubles of 1956, the 
Hungarian revolt of 1956, the inva 
sion of Czechoslovakia of 1968, the 
Gdansk food riots of 1970, the wide¬ 
spread strikes in Poland in 1980-81 
and the noncooperation of Rumania’s 
leadership since Ceau§escu came to 
power. The fact that Eastern Euro 
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Figure 6, There are many oil basins in the extent by hatching. In the past, oil production decided to develop coastal and olMion; basins 
People’s Republic of China; those of known was concentrated largely in the north and nearer to the major population centum in 
extent are shown in color, those of uncertain northeast, More recently, however, China has southern and coastal areas. 


has suffered so much deprivation 
since World War II, the need to build 
the Berlin Wall, beginning in 1961, 
and other similar factors have re¬ 
sulted in great strains in Eastern 
European relations with the Soviet 
leadership, strains that will now 
worsen rather than diminish in in¬ 
tensity. Yet these relations are almost 
amicable compared to those that the 
USSR enjoys with China. 
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The People’s Republic of 
China 

At the end of World War II, the So¬ 
viet Union continued to help Mao 
Zedong in his war against the 
Kuomintang, and in 1949, the Peo¬ 
ple’s Republic of China conquered 
most of China. Massive Soviet eco¬ 
nomic aid programs began, which 
included the construction of a mod¬ 


ern coal industry and the beginning of 
a modern petroleum industry. The 
USSR began to impose on China the 
Soviet revolutionary model—i.e., tire 
construction of an industrial soci¬ 
ety—even before the agricultural 
problems of the country had been 
solved. Mao refused to go along with 
the Soviet plans, and, to teach China 
a lesson, Krushchev ordered all Soviet 
technicians out of China, By 1960, the 


last of these technicians had left. The 
Soviets confidently expected China to 
come to heel, but Mao decided that 
never again would China be under the 
total economic domination of for¬ 
eigners. What has happened between 
China and the USSR since then is 
history. 

China is well-supplied with oil (Fig. 6) 
and, with help from both Western 
and Eastern Europe, has completed 
refineries, replaced Soviet-built tur¬ 
bodrills with Rumanian rotary rigs, 
and introduced mining machinery of 
Japanese and Western designs. When 
rapport with the US was established 
in 1972, China’s imports of Western 
and Japanese technology began to 
increase steadily. After Mao Zedong’s 
death in September 1976, the new 
regime hastened to normalize rela¬ 
tions with the US, By 1977, the first 
talks were being conducted with 
Western and Japanese petroleum- 
and coal-exploration companies, and 
during 1980, the first contracts were 
signed. China had turned the corner 
and begun a massive program of 
modernization. 

By 1980, China had replaced all but a 
few of the primitive Soviet turbodrills 
with Chinese, Rumanian, French, and 
a few US rigs. The offshore drilling 
fleet, although modest in size (fifteen 
mobile rigs), was larger than that of 
the Soviet Union, During 1978, Chi¬ 
na’s production of oil soared to more 
than 2 million bbl/day, as Figure 7 
shows. (As early as 1966, China had 
become self-sufficient in oil.) In 1979, 
gas’ production, mainly in Sichuan 
Province, reached 1.39 bcf/day (508 
bcf/yr), and coal production rose 
sharply to 635 mmt, The energy mix, 
which is shown in Table 2, is more like 
that of Eastern Europe than that of 
the USSR. The oil discovery rate had 
dropped drastically since 1975, and it 
was projected that production would 
level off at near 2,06 million bbl/day 
in 1980. (Of this amount, about 20,000 
bbl/day is shale oil,) 

In the past, China’s industry was 
concentrated in the north and 
northeast, close to the Soviet and 
Mongolian borders, and therefore to 
the Red Army. The population cen¬ 
ters, however, are in the south, the 
northeast, and the coastal areas. 
China has therefore decided to de¬ 
velop the coastal and offshore basins, 
where any petroleum discovered 
would be close to population and 
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Figure 7. Since 1968, China's oil output has 
soared, and by 1978, it had topped 2 million 
bbl/day. 


manufacturing centers. More than 
forty foreign companies have been 
invited to compete for offshore con¬ 
tract areas, and nearly two dozen 
companies, including coal companies, 
have been invited to apply for con¬ 
tracts in onshore basins. Thus, China 
is seeking the road to energy inde¬ 
pendence by means of foreign loans, 
foreign technology, and foreign con¬ 
tractors. Unlike its great Marxist 
neighbor, China, for the time being 
anyway, has no intention of trying to 
“go it alone.” By 1995 or 2000, it 
should be well along that road to pe¬ 
troleum-technological independence 
and will probably have long since 
overtaken both Eastern Europe and 
the USSR.. 

While China exhibits an enlightened 
attitude toward foreign assistance 
and foreign technology, the Soviet 
Union continues to follow apolitical 
course separate from that of the rest 
of the world. Soviet technology has 
failed to make the USSR into what 
could have been the greatest techno¬ 
logical and natural-resource power 
base on earth. Determination to hold 
on to Eastern Europe only exacer¬ 
bates the Soviet Union’s problems* 
leading it to take paths that conceiv¬ 
ably will end in military adventurism 

or at best, in an economic war with 
Japan and the West. Until the Soviet 

Union decides to modernize its tech¬ 
nology and rebuild its enormous re¬ 
source base for constructive use, the 

world will become an increasingly 
dangerous place in which to live. One 
can only hope that the Soviet leader¬ 
ship will find enlightenment before it 

is too late. 
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Spencer R. Titley 


Copper runs the modern world, but 
most of us overlook, or are not aware 
of, the vital role it plays in bringing 
technological developments into our 
everyday lives. In North America, for 
example, a family of four may have 
more than thirty copper-wound 
.electric motors in their home. Such 
motors are components of clocks, 
record and tape players, kitchen ap¬ 
pliances, heating and cooling systems, 
vacuum cleaners, generators, and 
even electricity meters. Without 
copper, our ability to use electricity 
would be severely limited. Moreover, 
copper has such distinctive electrical, 
chemical, and mechanical properties 
that no other metal is completely 
adequate as a substitute. As a result 
of rising standards of living and 
growing expectations, more than 8 
million tons of copper are mined each 
year. Where does it come from? 

In much of the world, copper comes 
from two sources: recycling of scrap 
and used copper and mining of new 
copper from ore deposits. About 80% 
of the approximately 2 million tons of 
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Porphyry Copper 

Circumstantial evidence suggests that 
porphyry-related deposits, currently the world's 
principal source of copper, may have formed as 
by-products of volcanic activity 


copper consumed annually in the 
United States is new copper, while 
the remainder comes from recycling 
('-'20%). During the 1970s, production 
from these two sources was very close 
to consumption. 

Sources of copper 

Any sample of rock, soil, or water, if 
carefully analyzed, will be found to 
contain copper. But in ordinary rocks, 
the amounts are so small (~0.006%), 
and the cost of recovery is so high, 
that we cannot consider them as 
sources of this valuable metal. In¬ 
stead, we must look to the special, 
localized, all-too-rare concentrations 
of copper-rich rocks that we call 
copper ore deposits. 


produced by several different natural 
processes, the most important of 
which involves the circulation of hot 
saline waters, termed hydrothermal 
solutions, through the earth’s crust. 
These solutions collect, transport, 
and precipitate copper, most com¬ 
monly in the form of the minerals 
chalcopyrite (CuFeS 2 ), bornite 
(CugFeS^, and chalcocite (CU2S). 
The copper content of rocks that 
contain these minerals ranges from 
~0.1% by weight to more than 10%. 

A deposit of copper ore, which may 
consist of many other minerals be¬ 
sides copper minerals, most of them 
worthless, may also contain anywhere 
from a few thousand to more than a 
billion tons of metal-bearing rock. 
The ore deposit can take various 
forms, ranging from clearly demar¬ 
cated tabular veins to large, irregular 
masses of rock within which copper 
minerals are more or less uniformly 
distributed. Although well-defined 
veins of rich copper ore are what 


prospectors dream of, it is the large, 
low-grade masses of uniformly per¬ 
meated rock that actually provide us 
with most of our copper. Of the sev¬ 
eral different kinds of large, low-grade 
deposits, by far the most important is 
that found in porphyritic igneous 
rocks, the porphyry copper deposit. 
Porphyry copper deposits account, for 
almost half the new copper mined 
worldwide and nearly 95% of that 
mined in the United States, 

Although the term porphyry copper 
has specific connotations for most 
geologists and copper miners, it turns 
out to be somewhat ambiguous when 
we try to define it. Porphyry refers to 
a kind of igneous rock, of variable 
composition, in which large, well- 
formed crystals are set in a matrix of 
fine-grained crystals or glass (Fig. 1). 
The large crystals, called phenoerysts, 
are believed to have been formed by 
the slow cooling and crystallization of 
deeply buried magma or silicate melt. 
The porphyritic texture develops 
when partly crystallized magma, 
consisting of phenoerysts arid magma 
that is still liquid, is suddenly trans¬ 
ported upward into an environment 
of rapid cooling, where the remaining 
liquid is quenched, thereby forming 
glass or a mass of tiny crystals in 
which the phenoerysts become sus¬ 
pended. The upward movement may 
take place in one or several stages, 
and events occurring during the rapid 
cooling process initiate the flow of 
hydrothermal solutions that leads to 
the deposition of copper. It is this 
association with porphyry that gives 
porphyry copper deposits their 
name. 

While such deposits bear a spatial 
relationship to the porphyry respon¬ 
sible for their formation, the miner¬ 
alized rock is not necessarily confined 


within the boundaries of the por¬ 
phyritic igneous rock. It may be lo¬ 
cated partly, or even solely, in the 
older rocks surrounding the igneous 
body, its distribution being strongly 
controlled by the paths along which 
the hydrothermal solutions flowed. 
The copper minerals are contained 
within a mass of finely shattered rock 
\ (Fig. 2), the fragments of which 
commonly have dimensions in the 
range of 1 to 20 cm, and are largely, 

( but not entirely, confined to the 
fractures in the rock. 

I Rocks within the zone of mineraliza- 
j tion have all undergone alteration— 
I profound changes in composition 
I caused by the circulation of large 
volumes of hydrothermal solutions 
through the broken rock. Because of 
differences in both rock composition 
and the degree of fracturing, there are 
wide variations in the alteration 
processes, the kinds and amounts of 
minerals in the ores, and the shapes 
and sizes of the deposits. 

How porphyry deposits 
form 

The rapi 



Figure 1. This porphyry from Silver Bell, Ari¬ 
zona, shown to size, has a typical texture of 
large crystals of feldspar ( light color) and mica 
[black] set in a matrix of smaller crystals of 
silicate minerals. Hydrothermal solutions move 
through fractures that develop as magma cools, 
thereby forming various alteration products, 


the specific kind depending on the tempera¬ 
ture. One of these is the copper-bearing mineral 
chalcopyrite (CuFeSi which here occupies the 
crack. The vein with the wide, diffuse halo is 
one along which feldspar has reacted with, 
quartz to form aericite. (All photos are by the 
author,) 


for the formation of porphyry have 
important consequences for the evo¬ 
lution of porphyry copper systems. 
When confined under high pres¬ 
sures—equivalent to a column of 16 
km of overlying rock, for example— 
porphyry-forming magma can dis¬ 
solve up to about 10% by weight of 
water. When crystals of anhydrous 
minerals, such as feldspar (KA1- 
SiaOg), form in the melt, the water 
content of the remaining liquid melt 
increases. The ability of a magma to 
dissolve water, however, diminishes 
as the confining pressure decreases, 
and for pressures less than the pres¬ 
sure exerted by 4 km of overlying 
rock, it diminishes very rapidly 
(Burnham and Jahns 1962), as Figure 
3 shows. Thus, a saturated magma 
that is rising rapidly must rid itself of 
much of its water. We still do not 
know if porphyry-forming magma 
bodies were initially saturated with 
water, but the presence in the rocks of 
water-bearing minerals, such as mica, 
means that some water is always 
present. It is equally apparent that at 
some stage in their cooling history, 
porphyries may become saturated 



depend oni 


, one of which 


Figure 2. In this breccia (magnified ~L5 times) the copper mineral ch jj p ^ e ' 

from the copper deposit at Sierrita, Arizona, vertical lines are thin, quar Tilled cracks that 

thdangular rock fragments are cemented by formed after the breccia hardened. 
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is the chemical composition of the 
magma. 

Compared with most igneous rocks, 
the porphyritic rocks with which 
copper deposits are associated are 
enriched in silica (Si0 2 ). When 
magma cools and is crystallized, the 
residual liquid magma becomes in¬ 
creasingly enriched in silica, which 
tends to polymerize, thereby pro¬ 
ducing a more viscous magma 
(Burnham 1967). Water is retained 
until its vapor pressure exceeds both 
the strength of the melt and the 
pressure of the overlying rocks. It may 
then be released suddenly, causing 
the crystallized parts of the porphyry 
to shatter. Stresses in the crystallized 
magma and the surrounding rocks, 
due to thermal effects of the hot 
magma, may also cause cracking of 
the porphyry, Both processes are be¬ 
lieved to be responsible for the large 
volumes of fractured rock that host 
copper deposits. 

The depth of emplacement of the 
porphyry rocks can only be inferred. 
In many locations, geological con¬ 
siderations suggest that the depths to 
the tops of the porphyry bodies at the 
time of their formation were at most 
a few kilometers. In the American 
southwest, for example, some por¬ 
phyries are thought to have cooled 
within 2 km of the surface (Titley 
1972). At Mt. Fubilan, in New Guin¬ 
ea, a porphyry copper deposit that 
formed only about a million years ago 
is now exposed at the surface (Barn- 
ford 1972), which means that even if 
the rate of erosion of the overlying 
rocks was rapid, the deposit was 
probably never covered by more than 
2 km of rock. At depths of 2 km or less 
beneath the earth’s surface, porphyry 
magma retains less than 2% by weight 
of dissolved water. 

Following shallow emplacement and 
fracturing of the rock within and 
around them, porphyry bodies be¬ 
come large, high-temperature ther¬ 
mal engines, which start to circulate 
water. The temperature of the water 
ranges from the temperature at the 
earth’s surface-about 25°C—to that 
of the hot, shattered porphyry 
body—about 650 P C. The origins of 
the water whose circulation forms the 
ore deposit and of the copper and 
other metals that combine with sulfur 
to form the ore minerals have been 
the subjects of research and extensive 
discussion by many generations of 
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Figure 3, The solubility of water in magma 
depends in part on the pressure exerted by the 
overlying rocks, This dependence is steepest at 
shallow depths but tapers off lower down. It 
also depends on the chemical composition of 
the magma. The shallower curve is for magma 
with the composition of albite (NaAlSuOs), the 
steeper for magma rich in silica, alumina, and 
potash. The curve for most porphyry magma 
probably lies somewhere near the curve for 
albite magma, The colored area 'shows the 
probable range in the water content of por¬ 
phyry magma and in the depth at which copper 
deposits are most likely to be found. The sud¬ 
den release of water as magma rises rapidly to 
the surface is believed to contribute to the ex¬ 
tensive fracturing of copper-bearing rocks, 
(After Burnham 1967.) 



Figure 4, The angle at which oceanic crust 
moves beneath continental crust depends on 
the rate at which the two blocks of crust con- 
1 verge. When the rate is slow, the oceanic crust 
descends steeply, and the rise in temperature 
with depth and the friction resulting from the 
motion are believed to cause melting of the 
down-going slab at depths of -150 km or 
below. The bodies of magma that give rise to 
porphyry copper deposits may derive from 
melting of oceanic crust at this depth or from 
melting of rocks higher in the mantle and at the 
base of the crust. Such bodies may ultimately 
find their way to the surface through zones of 
weakness, or faults, caused by the complex 
forces involved in the subduction process. 


geologists. An understanding of how 
copper deposits evolved is important 
not only scientifically but also eco¬ 
nomically. 

In the late nineteenth and early 
twentieth centuries, the debate was 
polarized between those who ascribed 
to the water a meteoric (surface-de¬ 
rived) origin and saw the metals and 
sulfur as originating in the rocks of 
the shallow crust and those who 
viewed the metals, sulfur, and water 
as all derived entirely from magma. 
Research during the past two dec¬ 
ades, based on the relative abun¬ 
dances of the stable isotopes of oxy¬ 
gen and hydrogen (summarized by 
Taylor 1974), indicates that the 
source of water varies from one de¬ 
posit to another. Such isotope studies 
have shown that within the central, 
hotter, less fractured parts of a por¬ 
phyry system, the water is predomi¬ 
nantly of magmatic origin, presum¬ 
ably derived from the parent por¬ 
phyry. In the more fractured parts, 
usually around the periphery of the 
fractured rock, on the other hand, 
some of the water is of meteoric ori¬ 
gin. Because the water in porphyry 
ore deposits does not come from a 
single source, it seems likely that the 
copper and associated metals, as well 
as the sulfur, may also derive from 
more than one source. The rocks of' 
the shallow crust in which the por¬ 
phyry intrusions are embedded and 
through which the hydrothermal so¬ 
lutions circulate constitute one pos¬ 
sible source, the porphyry intrusion 
itself another. 

The first minerals formed by crys¬ 
tallization of magma tend to be an¬ 
hydrous minerals, such as calcium 
feldspars (CaAbS^Os) and pyroxene 
(CaMgSi 2 0 6 ), which contain no water 
of crystallization. At later times dur¬ 
ing cooling, water and other volatiles, 
such as carbon dioxide, that had be¬ 
come concentrated in the magma are 
released; the solution carries various 
ions, such as phosphate, arsenate, and 
halide ions, that cannot be incorpo¬ 
rated readily in the silicate and oxide 
minerals that are crystallizing in the 
magma. The escaping solution also 
contains sulfur and metals, such as 
copper, lead, zinc, and molybdenum, 
which form ore deposits. 

In seeking the origins of the metals 
and sulfur, consideration must be 
given to the parent material of the 
porphyry melts. According to the 
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(theory of plate tectonics, oceanic 
: crust is thrust beneath continental 
i crust around the edge of the Pacific 
I Basin (Fig. 4). When the subducted 
| crust reaches depths of about 150 km 
| below the surface, melting begins, and 
1 parent material for magma bodies is 
generated. Judging by their chemis- 
I try, the distinctive types of rocks as¬ 
sociated with some porphyry copper 
deposits seem to derive from the 
melting of the various kinds of basalt 

I that make up the oceanic crust. In 
other cases, the rock chemistry is in- 
. dicative of a complex melting process 
I that involves not only oceanic crust 
| but mantle and deep continental 
J crust as well. 



Figure 5, Most porphyry copper deposits are through the south of the Soviet Union, (After 
located either along the rim of the Pacific or in Titley and Beane 1981.) 

a band extending from the Middle East 


] Porphyry melts derived solely from 
j the basalts of the ocean floor have 
! certain characteristics that are im- 
portant in the generation of porphyry 
j copper deposits. The copper content 
j of such basalts is greater than the 
; average value for the crust as a whole 
; (0.006-0.009%) and for some types of 
basalt is as much as 0.025%. Thus, the 
parent material of the porphyry is 
j already somewhat enriched—its 
1 copper content is 0.0087%, and its 
; molybdenum and gold contents are 
j 0.00015% and 0.0000004%, respec¬ 
tively, according to Turekian and 
j IVedepohl (1961)—and most of the 
j copper may be freed when the basalt 
\ partially melts to form the porphyry 
: magma. 

' We cannot be completely confident 
I that the magmatic emplacement and 
j cooling processes outlined above are 
j wholly responsible for forming por- 
> phyry deposits, because we cannot 
; view the dimension of depth from the 
j earth’s surface. Since the copper 
(minerals occupy fractures in the 
J porphyry, they must postdate the 
j time at which the rock was suffi- 
| ciently brittle to fracture. This means 
j that the progenitors of the water, 
| sulfur, and metals must be either 
j deeper or laterally displaced. 

j The uncertainty leads to an alternate 
[viewpoint, that the source of the 
| metals may lie within the mass of 
; porphyry located at the same level. 
I Since all silicate minerals contain 
| trace amounts of metals, which are 
i locked into their structures by iso- 
morphous substitution—for example, 
J copper in mica—it is possible that the 
j metals in porphyry deposits may have 
I been leached from the minerals by 
\ the hydrothermal solutions and then 


transported by the circulating fluid 
and deposited in fractures in the 
porphyry. Such an origin, by leaching 
and redeposition, is difficult to es¬ 
tablish, however, because the large 
volumes of rock that have been al¬ 
tered and the overwhelming evidence 
for the transfer of material within 
circulation systems make precise de¬ 
terminations of the chemical com¬ 
positions of the rocks before miner¬ 
alization unfeasible. 

Although we are unsure of where the 
water in such systems comes from and 
how the hydrothermal solutions col¬ 
lect the metals and sulfur that are 
found in the ore deposits, we think we 


understand how the solutions react 
with the rocks through which they 
pass. The moving volume of fluid, 
with all its dissolved components, 
changes composition as it seeks 
equilibrium with the different min¬ 
erals along its path under changing 
conditions of temperature and pres¬ 
sure. Successive volumes of fluid 
flowing along the same path thus en¬ 
counter slightly different mineralo¬ 
gies owing to past chemical reactions 
between the rocks and the solu¬ 
tions. 

Complicated reactions involving large 
numbers of components and phases 
have been, and continue to be, the 
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Figure 6. In the American southwest, erosion eralized cross section, The deposits formed in 

has largely stripped away the volcanic struc- a subvolcanic environment between 72 and 55 

tures that once covered the porphyry copper million years ago, 
deposits shown here in an idealized and gen- 
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Figure 7, In the El Tiro area at Silver Bell, Ar¬ 
izona, a cluster of porphyry intrusions lies in 
the center of a large volume of altered rock. The 
distinctive characteristic of this rock is its high 
content of pyrite (FejS), which was deposited 
in small amounts by hydrothermal solutions 
moving through the rocks. Individual porphyry 
intrusions within the area (gray ) have given 
rise to concentrations of minerals containing 
copper (0.30%, dark color; 0.10-0,29%, light 


drives this reaction toward equilib¬ 
rium with sericite. By studying many 
similar chemical reactions and by 
knowing the degree of chemical mass 
transfer in porphyry copper systems, 
we are making progress toward a 
better understanding of the processes 
that gave rise to such systems. 

A volcanic origin? 

From the foregoing discussion, it is 
apparent that porphyry copper de¬ 
posits came into being as a result of 
special geological conditions. Much 
evidence has now been accumulated 
that leads us to suspect that the de¬ 
posits were formed as by-products of 
volcanic activity where deep-seated 
magma bodies had suitable compo¬ 
sitions and properties and where 
crustal characteristics permitted 
those bodies to rise rapidly to shal¬ 
lower levels. The evidence is indirect, 
and hence inconclusive, however, 
because the volcanic structures that 
may once have existed above the de¬ 
posits would have been topographi¬ 
cally and compositionally unstable 
and thus would have been removed 
rapidly by weathering, and because a 
large percentage of known deposits 
are now exposed as a result of millions 
or tens of millions of years of ero¬ 
sion. 


remnants of volcanic rocks about the 
same-age as the porphyries (up to 200 
million years old) are found, and 
where porphyries containing copper 
deposits are present as intrusions in 
the volcanic rocks (Fig. 6). This co¬ 
incidence of porphyries and volcanic 
rocks in both time and space is strong 
evidence for a volcanic origin for the 
deposits. 

Third, the theory of the origin of 
porphyritic textures described pre¬ 
viously involves two stages of cooling: 
an early stage, during which crystals 
of silicate minerals started to form, 
and a late stage, in which the residual 
magma was quenched to form a fine¬ 
grained matrix. The late stage of 
cooling was thought to be the result of 
magma rising rapidly to the cooler 
environment of the shallow crust, 
According to the volcanic genesis 
theory, the porphyry intrusions, 
which have compositions similar to 
those of many volcanic rocks, formed 
when magma rose rapidly toward the 
earth’s surface through the core of a 
volcano. 

Fourth, a large percentage of por¬ 
phyry copper deposits contain bodies 
of breccia—angular fragments of 
rock, which, in some instances, are 
cemented with fine crystalline vol¬ 
canic-like rock or with rock “flour” 


color ) and molybdenum (25 ppm, in areas en¬ 
closed by colored lines), which are either cen¬ 
tered on the porphyries or located near their 
boundaries, This porphyry copper deposit, 
formed about 60 million years ago, has been 
subject to erosion, which has removed the 
higher parts of the original hydrothermal sys¬ 
tem; thus, what we now see is a deeper level of 
that system. (Adapted from Graybeal, in 
press.) 


object of research (Helgeson 1969, 
1970). The reactions that form the 
silicate alteration minerals and the 
sulfides are pH-dependent and are 
affected by the concentrations of al¬ 
kali and metals in the solutions 
(Meyer and Hemley 1967). Alteration 
of the feldspar orthoclase by a hy¬ 
drothermal solution to produce seri¬ 
cite (mica) and quartz is such a reac¬ 
tion: 


Nevertheless, a volcanic origin for 
many porphyry copper deposits is 
consistent with the following facts. 
First, by far the greatest number of 
deposits are of Mesozoic age or 
younger—less than about 230 million 
years old—and are located in either 
the “ring of fire,” the belt of volcanoes 
and volcanic rocks that encircles the 
Pacific Ocean, or the “Tethyan” belt, 
the east-west band of volcanic rocks 
and mountains that extends 
throughout the southern Soviet 
Union and into the Middle East (Fig, 
5). The association of the deposits 
with volcanic rocks and the style of 
occurrence are much the same in both 
regions. Moreover, both these parts of 
the world are currently the sites of 
much earthquake activity and vol- 
canism, which are believed to he 
manifestations of the same sorts of 
events as are known to have occurred 


derived from the mutual abrasion of 
porphyry fragments (Fig. 2). Such 
bodies are commonly irregular, es¬ 
sentially vertical columns, or “pipes,” 
with round or elliptical cross sections; 
less commonly, they assume a tabular 
form, such as that of a vertical sheet, 
or “dike,” The transportation and 
pulverization of rocks in breccias, as 
well as the geometry of the breccia 
bodies, suggest that there may have 
been an opening to the surface at the 
time that they formed, Moreover, 
breccias that look like these are 
present in active volcanic systems, 
where openings clearly exist. 

Fifth,-the distribution of deposits in 
well-explored regions of the Pacific ■ 
rim shows tendencies toward clus¬ 
tering, as in southwest North Ameri¬ 
ca, where clusters occur in areas about 
30 km by 30 km (Fig, 7), and toward 


m or near these regions ever since formation along lines on the earth’s 
3 KAlSi 30 8 + 2H + ^ about 230 million years ago. surface, as in the Andes. Volcanoes 


show similar tendencies to cluster or 


KAl 3 Si 3 Oio(OH )2 + 2K+ + 6Si0 2 

: sericite quartz 

Increasing the acidity of the solution 


Second, although most of the rocks 
that existed at the time the ore was 
formed have been removed by ero¬ 
sion, there are a few deposits where 


form along lines. This similarity in 
distribution of volcanic centers and 
porphyry ore deposits is not in itself 
compelling evidence for an associa- 
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Figure 8. The different colors in the southern leached and in which iron oxides remain are 
wall of the open-pit copper mine atSanta Rita, red; those containing iron sulfides that have 


i New Mexico, are the result of oxidation of 
I copper and iron sulfide minerals dispersed in 
1 the rock. Rocks from which copper has been 


tion, but taken together with the 
other pieces of evidence, it strength¬ 
ens the case. 

The inferred link between circum- 
Pacific volcanism and the formation 
of porphyry ore deposits is extremely 
important, because it establishes a 
rational basis for searching for such 
deposits. Moreover, the high success 
rate—the discovery of more than a 
hundred new deposits—over the past 
two decades of searching premised in 
part on the assumption that the 
theory is correct attests in some 
measure to its validity, 

Copper mining 

The discussion so far has been con¬ 
cerned with the geological features, 
origin, and distribution of porphyry 
mineral deposits. The conversion of 
a mineral deposit to an ore de¬ 
posit—that is, to an economically 
viable body of'minerals—depends on 
both the state of mining and metal¬ 
lurgical technology and the interplay 
of many economic and sociopolitical 
factors. Porphyry copper deposits are 


been, and are still being, oxidized are yellow; 
and recently exposed, secondarily enriched 
copper ore is gray. 


sources of other important metals, 
such as molybdenum and gold, which 
only rarely occur in sufficient con¬ 
centrations to justify mining in the 
absence of other valuable metals. 
Even when these other metals are 
present, porphyry copper ores are of 
low intrinsic worth; the content of 
copper ranges from 0.2% to 0.8% by 
weight, that of molybdenum is com¬ 
monly about 0.01%, and that of gold 
varies from 0.00001% to 0,00008% in 
some porphyry deposits. Because 
these percentages are so small, large 
quantities of material must be mined 
and processed cheaply if a profitable, 
continuing mining operation is to be 
sustained. Present-day production 
from porphyry copper deposits is 
variable and depends on many fac¬ 
tors, including the prices of copper 
and the other metals found with it 
and the actual amount of copper in 
the rock of a particular ore deposit. 
Many operations produce 50,000 tons 
of ore per day from open-pit mines, 
and a few produce comparable 
amounts from underground mines, 
where the rock is blasted and ex¬ 
tracted under controlled conditions. 


The earliest attempt at mining low- 
grade deposits on a large scale was 
made at Bingham Canyon, Utah, in 
1904 by Daniel Jackling, with the fi¬ 
nancial backing of Charles McNeil 
and Spencer Penrose. The same 
methods, albeit with more than sev¬ 
enty years’ worth of technological 
improvements, are being applied 
today, on a scale that Jackling and his 
colleagues may never have imagined, 
to the mining of large deposits con¬ 
taining as little as 0,4% of copper. 

Certain geological features of por¬ 
phyry copper deposits contribute to 
their amenability to the bulk-mate* 
rials-processing methods in use today. 
Thus, although such deposits are 
parts of large, diffuse mineralized 
systems, the high-grade portions— 
that is, the ore deposits—are smaller 
and more localized. Mining can thus 
be concentrated in relatively small 
areas and progress downward, rather 
than sideways, Furthermore, the 
closely spaced fractures of the rock in 
which the copper minerals are local¬ 
ized are lines of weakness. The rocks 
therefore fragment easily when 
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blasted: indeed, a million tons or more 
of ore may be broken by one blast of 
explosives. On such a scale, copper 
and associated metals tend to be 
uniformly distributed through the 
broken rock, which means that al¬ 
though some selective mining may be 
necessary to remove rock that does 
not contain valuable metals, in gen¬ 
eral, the entire rock mass can be 
profitably mined. The distribution of 
silicate alteration minerals, most 
commonly clay or fine-grained types 
of mica, is also fairly uniform, which 
permits establishment of fixed met¬ 
allurgical recovery circuits. 

Furthermore, chemical reactions in¬ 
volving rainwater and the atmosphere 
can, under certain favorable combi¬ 
nations of climatic and geographic 
conditions, produce a thin, but rich, 
zone of secondarily enriched copper 
ore near the top of a low-grade ore 
deposit (Fig. 8). Since many of the 
deposits are themselves located in 
areas of elevated topography, gener¬ 
ally as a result of accidents of erosion 
and uplift in the American southwest, 
mining of such zones is helped, rather 
than hindered, by gravity. Even 
though these enriched blankets are 
usually of comparatively small ton¬ 
nage, their high copper content has 
permitted rapid amortization of the 
large amount of capital invested in 
exploiting them. Because the process 
responsible for secondary enrichment 
also produces iron oxides, whose red 


search for porphyry copper deposits. 
Large amounts of potential copper 
ore certainly exist in other kinds of 
deposits, such as those formed by 
processes of sedimentation, but these 
occur most abundantly in countries of 
southern and central Africa, where 
political and economic factors have 
mitigated against extensive exploi¬ 
tation during the past two decades 
and the future for mining is uncer¬ 
tain. Thus, notwithstanding the ex¬ 
istence of exploitable deposits formed 
in other ways, porphyry-related de¬ 
posits seem destined to remain the 
premier source of the world’s copper 
supply. 
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coloration stands out, thereby making 
them obvious targets for exploration, 
we presume that most such secon¬ 
darily enriched deposits have been 
discovered. A few continue to be 
found—and they are certainly worth 
seeking—but their number is dimin¬ 
ishing, and the search for copper is 
now directed toward the discovery of 
higher-grade primary ores, which are 
much more difficult to find. 

Although'there are well over 150 
porphyry copper mines and potential 
mines around the Pacific Basin and 
perhaps more than 50 in the Tethyan 
belt, the search for new deposits has 
continued at the same fast pace for 
the past 20 years or so. Even in re¬ 
gions such as southwestern North 
America and western Canada, where 
large numbers of deposits have been 
found, the intensity of the search re¬ 
mains undiminished. Continuing 
demand and projected increases in 
copper consumption provide the 
economic incentive for the expensive 
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“You call this cold? When I was a boy, in the Ice Age... ” 




! 

I 

jCheryii Tickle Limb Regeneration 

j Regenerating a limb poses the same problems of 

pattern formation as developing a limb, but the 
\ solutions are different 


S The limbs of some animals, such as 
newts, show remarkable powers of 
regeneration. If a whole limb is cut 
off, the newt can grow a new one. 
Perhaps even more remarkably, when 
one thinks of the mechanisms which 
I must be involved, if just part of a limb 
I is cut off—for example, just the 
1 hand—then the missing part and only 

I the missing part—in this case a new 
hand—is regenerated in the course of 
a few months. 

The replacement tissue develops 
from a small mound of cells, the 
blastema, which forms on the cut end 
of the stump a week or so after the cut 
; is made. It is by the division and dif- 
j ferentiation of the cells of the blas- 
j tema that the new limb or parts of the 
i limb form. 

5 There are a number of fascinating 
] problems concerned with limb re- 
; generation, many of which remain 
i unresolved. For example, which cells 
\ in the blastema give rise to which re- 
J generated tissues? What is the role of 
j nerves in regeneration? Why don’t all 
;f vertebrate limbs regenerate? In re- 
j cent research, which has brought new 
j ideas to the problems of regeneration, 
| regeneration has been considered as 
1 a developmental process. From this 
| viewpoint, the problems of regener- 
1 ating a limb are much the same as 
j those encountered by the embryo in 
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making the limb in the first place: in 
both cases, the starting point is a 
small population of apparently simi¬ 
lar cells encased in epithelium. These 
cells give rise to the several tissues of 
the limb; for example, some differ¬ 
entiate into cartilage cells and others 
into muscle cells. But the under¬ 
standing of how a limb is generated 
and re-generated requires more than 
an understanding of how individual 
cells differentiate. It is necessary to 
understand as well how the differen¬ 
tiation of cells is spatially organized 
to form the precise pattern of tissues 
of the limb. 

In the development of a limb, the 
pattern of tissues is formed by cells 
differentiating according to their 
position rather than by rearrange¬ 
ment of cells that have already dif¬ 
ferentiated while in random positions. 
Much recent research on this problem 
of pattern formation has been stim¬ 
ulated by the ideas of Wolpert (J), 
who has proposed that the problem 
can be viewed in terms of positional 
information. Differentiation of a cell 
according to its position would thus 
be a two-step process: first the cell is 
provided with positional information 
and then it interprets this informa¬ 
tion to differentiate appropriately. 
On this basis, substantial progress baa 
been made in finding out how cells 
might be informed of their position 
within a developing limb and thus 
acquire a positional value, or posi¬ 
tional label. 

Assigning positional 
labels 

The early limb bud is made up of a 
mound of apparently undifferen¬ 
tiated mesenchyme cells—those de¬ 
rived from the middle germ layer of 
the embryo, from which the muscular, 
vascular, and connective tissues will 
develop. A cell may be informed of its 


position within this mound in terms 
of a three-dimensional coordinate 
system based on the three main axes 
of the limb (2), as shown in Figure 1. 
So far, clues to the mechanisms for 
allocating position along two of these 
axes have been obtained from exper¬ 
iments on developing chick limbs. 

Position along the proximal-distal 
axis appears to be measured by a 
timing mechanism: specifically, by 
the length of time the cells spend in a 
zone of undifferentiated mesenchyme 
at the tip of the developing limb, 
which is rimmed by a strip of thick¬ 
ened epithelium called the apical ec¬ 
todermal ridge. Cells which spend a 
short time in this zone—the progress 
zone—give rise to proximal struc¬ 
tures, whereas cells which spend 
progressively longer there give rise to 
progressively more distal ones (3). 

Position along the anterior-posterior 
axis appears to be measured by the 
distance from the polarizing region, a 
small group of mesenchyme cells at 
the posterior margin of the devel¬ 
oping limb bud (4,5), A way of mea¬ 
suring distance from the polarizing 
region might be according to the 
concentration of a diffusible mor- 
phogen produced by the polarizing 
region. Cells close to the polarizing 
region would be exposed to a high 
concentration of morphogen and 
form posterior structures, whereas 
cells farther away would be exposed 
to lower concentrations of morphogen 
and form more anterior structures. 
For the remaining axis, the dorsal- 
ventral one, the way in which position 
is specified is not so well understood; 
it does appear, however, that the ep -1 
ithelium of the limb has an important: 
function. J 

Limb development of all vertebrates 
seems to involve the same mecha¬ 
nisms. It has been observed that (§1 
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Figure 1. Within the developing chick wing 
bud, a particular cell may be informed of its 
final position along three axes: the proximal- 
distal, the anterior-posterior, and the dorsal- 
ventral, Along the proximal-distal axis, posi¬ 
tion seems to be designated in terms of length 
of time spent in the progress zone. On the an¬ 
terior-posterior axis, position is apparently 
specified by another group of mesenchyme cells 
called the polarizing region, (The mechanism 



for specifying position on the dorsal-ventral 
axis is not yet known, hut is thought to involve 
the epithelium, the thin cellular casing of the 
limb.) Thus, cell A, by “computing” the time 
spent in the progress zone, distance from the 
polarizing region, and cues from the epitheli¬ 
um, becomes a cartilage cell of the anterior 
forearm; cell B, with different values for these 
variables, becomes a cartilage cell of the middle 
digit. 


In the reciprocal experiment, which 
requires replacing the progress zone 
of a young bud with that of an older 
bud, some structures are missing from 
the resultant limb (see Pig. 2). Similar 
experiments can be carried out on 
regenerating amphibian limbs to find 
out whether regeneration blastemas 
also behave autonomously. A blaste¬ 
ma from a distal stump can be re¬ 
placed with a blastema from a proxi¬ 
mal stump and, in a reciprocal ex¬ 
periment, a blastema from a proximal 
stump replaced with that from a dis¬ 
tal stump (10). Interestingly, whereas 
the first experiment results in regen¬ 
erates with duplicated structures 
along the proximal-distal axis, the 
second does not result in regenerates 
with deleted structures along the 
proximal-distal axis. Instead, as is 


apical ridge of a mouse limb bud can 
replace that of a chick limb bud and 
allow orderly laying down of struc¬ 
tures along the proximal-distal axis of 
the chick limb (6'). In experiments in 
which tissue from the posterior mar¬ 
gin of limb buds of many vertebrates, 
including mice and humans, is grafted 
to a developing chick wing, polarizing 
activity has been demonstrated by 
the production of additional digits 
(7), Polarizing activity has also been 
demonstrated in amphibian limbs, in 
tissue posterior to the developing 
limb bud (8). 

The question remains whether these 
ideas apply to regenerating limbs— 
that is, how the cells in the blastema, 
which will differentiate to form the 
correct pattern of missing structures, 
are assigned positional values. One 
very simple answer is that the same 
mechanisms which were used to in¬ 
form cells of their position in the de¬ 
veloping limb are used again to in¬ 
form cells of their position in the re¬ 
generating limb blastema. By analogy 
with, limb development, position 
within the blastema would be speci¬ 
fied by a three-dimensional coordi¬ 
nate system and would follow in the 
regenerating limb the same principles 
as in the developing limb. 

Thus, the development of the correct 
sequence of structures along the 
proximal-distal axis of the regenerate 
would involve the forming of a prog¬ 
ress zone in the blastema. Cells which 
spent longest in the region of undif¬ 
ferentiated tissue at the tip of the 
regeneration blastema would give rise 
to the most distal structures. Since 


regeneration replaces only those 
structures which were removed, the 
cells of the blastema would most 
likely have the positional value of the 
cut end of the stump; distal structures 
would therefore be generated from 
the cut end of the stump, irrespective 
of the orientation of the limb. This 
hypothesis fits well with the results of 
an interesting experiment, in which 
the hand of a larval salamander 
(Ambystoma punctatum) was in¬ 
serted into its own flank and left to 
heal (9). Then the flexed arm, at¬ 
tached to the animal both at the 
shoulder and where the hand had 
been inserted into the flank, was cut 
across near the elbow. Both stumps 
regenerated structures distal to the 
cut ends: the stump attached to the 
shoulder regenerated to form a nor¬ 
mal limb, and the stump attached by 
the hand to the flank formed another 
hand—a mirror image of structures in 
the stump. 

Experimental evidence that the time 
spent in the progress zone specifies 
position along the proximal-distal 
axis of the developing vertebrate limb 
has been obtained from grafting ex¬ 
periments on chick wing buds which 
showed that development of struc¬ 
tures from the progress zone is auto¬ 
nomous and is not affected by the 
stump (3). If the progress zone from 
a young wing bud is grafted in place of 
a progress zone from an older bud, the 
wing that develops has duplicate 
structures along the proximal-distal 
axis, with upper arm and forearm 
structures, say, from the older bud 
stump and then an upper arm, fore¬ 
arm, and digits from the grafted bud. 


shown in Figure 2, a normal limb is 
formed. Thus there appears to be in¬ 
teraction between the stump and 
blastema in the regenerating am¬ 
phibian limb to replace missing parte 
along the proximal-distal axis; this 
constitutes a striking contrast to the 
mechanisms of a developing limb. 

The position of a cell along the ante¬ 
rior-posterior axis of the developing 
vertebrate limb is specified by its 
distance from the polarizing region. 
The signaling ability of the polarizing 
region has been demonstrated in the 
developing chick wing by cutting out 
the small region of tissue from the 
posterior margin of one wing bud and 
grafting this to an anterior position in 
another wing bud. The wing that de¬ 
velops following such an operation 
has duplicated structures along the 
anterior-posterior axis in mirror- 
image symmetry: instead of the nor¬ 
mal pattern of digits (2,3,4 from an¬ 
terior to posterior), the sequence is 
now 4,3,2,2,3,4. Grafting the addi¬ 
tional polarizing region to a series of 
progressively more posterior positions 
along the anterior-posterior margin of 
the wing bud brings to light a rela¬ 
tionship between the pattern of digits 
and the distance between grafted and 
host polarizing regions. Thus, digit 2, 
which is the most anterior digit and 
which develops farthest from the 
polarizing region, is the first digit to 
be lost as the grafted polarizing region 
is moved closer to the host polarizing 
region (5). 

Because small regions of blastema 
tissue cannot be grafted easily, pola¬ 
rizing activity of the posterior margin 
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such grafts. However, 180° rotation of 
I the tip of the developing wing bud is 
I another way of bringing the polarizing 

I region into contact with anterior tis¬ 
sue and leads to a duplicated wing 
pattern, and this operation can be 
i performed successfully on limb blas- 
f temas. When a limb blastema is ro- 
| tated through 180° and replaced on 
its stump, regeneration of duplicated 
: mirror-image distal structures fre- 
; quently results. A few regenerates 
; also show a set of distal structures in 
1 the same orientation as the stump, 
j either in addition to the duplicated 
| mirror-image set of structures or in- 
j stead of it. 

I These results are consistent with the 
idea that there is a polarizing region 
I at the posterior margin of the blas- 
f tema-stump border. However, dup- 
j licafed mirror-image structures and 
| supernumerary limbs also develop 
I when the blastema is transplanted 
from a right limb to a left limb with¬ 
out rotation, even though the poste¬ 
rior margin of the blastema now abuts 
the posterior margin of the stump 
ill). This result is never obtained 
I when the same experiment is per- 
’ formed on developing chick wings; 

■ instead, a normal wing is formed, 
j These findings are illustrated in Fig- 
' j ure 3. The production of supernum- 
\ erary limb structures in regenerating 
I limbs when dorsal and ventral tissue 
\ are apposed as well as when anterior 
j and posterior tissue are apposed ap- 
i pears to indicate that a signaling re- 
■ j gion is not localized at the posterior 
\ margin of the blastema. 

: We have seen that the experiments 
] which reveal clues to the way in which 
j position is specified along the proxi- 
| mal-distal and anterior-posterior axes 
} of the developing chick limb give 
| different results when performed 
J with amphibian limb regeneration 
! blastemas. This suggests that the 
j mechanisms used to inform cells of 
j (heir position in developing verte- 
1 brate limbs are not the same as those 
used to inform cells of their position 
i in regeneration blastemas. 

Cellular interactions in 
regeneration 

\ A central feature of the behavior of 
, amphibian limb regeneration blas- 
■ temas is extensive interaction be- 
J tween cells. In the experiments just 
* described, the cells of regenerating 
I am phibian limb blastemas interact 


young chick wing bud old chick wing bud 



abnormal chick wing 


Figure 2. Experiments apposing distal tissue to 
proximal tissue demonstrate an important 
difference between limb development and limb 
regeneration. In the developing chick wing bud 
(left), when distal tissue from the progress 
zone—the region that controls cytodifferen- 
tiaticm—of an old bud is apposed to proximal 
tissue of a young bud, the wing that develops 
is missing some forearm structures (compare 
the normal wing shown in Fig. 1). This is be¬ 
cause the cells of the progress zone of the old 
bud go on to make more distal structures in 
their new surroundings, the same structures 
they would have made if allowed to remain in 
their original setting. In the regenerating am¬ 
phibian limb (below), when the blastema—the 
region from which the regenerate cells de¬ 
velop—from a distal cut is made to replace the 
blastema of a proximal stump, a normal limb 
is formed. Thus it appears that in development 
the progress zone behaves autonomously, 
whereas in regeneration the blastema interacts 
with the cells around it. 


amphibian limbs 




normal amphibian limb 
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left amphibian limb right amphibian limb 
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Figure 3. Three experiments in apposition of 
tissues test whether a polarizing region, which 
signals position along the anterior-posterior 
axis, is located at the posterior edge of the limb. 
In the developing chick wing, anterior tissue is 
apposed to posterior, and dorsal tissue is ap¬ 
posed to ventral, when the tip of the wing bud 
is cut off, rotated 180°, and then replaced on 
the stump (above, left). The result is a wing 
with duplicated digits along the anterior-pos¬ 
terior axis. If only dorsal and ventral tissue are 
apposed (above, right), a normal wing is 
formed. In the developing limb, then, a polar¬ 
izing region does appear to be localized at the 
posterior margin, since supernumerary struc¬ 
tures are produced only when posterior tissue 
is apposed to anterior tissue. By contrast, when 
dorsal and ventral tissue are apposed in the 
regenerating amphibian limb, by grafting the 
blastema of a left limb onto a right limb 
(below), the result is abnormal, with a super¬ 
numerary limb from either the dorsal surface 
or the ventral surface, or both. Thus, apposition 
of dorsal and ventral tissue in the regenerating 
limb leads to the formation of extra structures, 
despite congruence of anterior and posterior 
tissue. This result indicates that in the regen¬ 
erating limb, a polarizing region cannot be lo¬ 
cated at the posterior margin. 


with cells of the stump to replace 
missing structures along the proxi¬ 
mal-distal axis of the limb, and cells 
from dorsal tissue interact with cells 
from ventral tissue to produce su¬ 
pernumerary limbs. The principles 
underlying these interactions can be 
formulated on the assumption that 
limb regeneration involves interac¬ 
tions between cells that already have 
positional labels (12). These princi¬ 
ples apply not only to regeneration of 
amphibian limbs but also to that of 
larval cockroach legs and drosophila 
imaginal discs. Indeed, regeneration 
of cockroach legs illustrates the 
principles most clearly, because the 
structure of the leg is so simple. 

The insect leg is basically a sequence 
of tapering tubes—femur, tibia, and 
tarsus—covered by cuticle that is laid 
down by the underlying sheet of epi¬ 
dermal cells (see Fig. 4). The cuticle 
bears bristles and hairs that provide 
many positional markers along the 
proximal-distal axis of the leg and 
around its circumference; thus re¬ 
generation of the epidermis can be 
recognized by the pattern of the cu¬ 
ticle. If we suppose that the cells of 
the epidermal sheet have already ac¬ 
quired their positional labels and that 
these are graded smoothly over the 
surface of each tapering cylinder and 
repeated in each segment, the results 
of many different grafting experi- 
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r inents reveal an underlying principle. 
When cells with positional labels that 
1, are not normally adjacent are brought 
? together by grafting, the discontinu- 
j ity is recognized; growth is stimulat- 
] ed, and cells with the labels normally 
■] intervening are generated in order to 
j restore continuity to the sequence of 
positional labels. 

| The positional labels of the cells in 
; the epidermal sheet of each cockroach 
1 leg segment, such as the tibia, have 
' ■ been represented as being composed 
J of two components. One component 
: of the label refers to distance along 
; the proximal-distal axis, and the 
: other to the position around the cir- 
; cumference of the leg (Fig. 4). Thus, 

: from cell to cell along the tapering 
sheet of the epidermis in any direc- 
; tion, there is a smoothly graded se¬ 
quence of positional labels. In the 
• notation introduced by French and 
j co-workers (12), the positional labels 
; are marked at intervals along the ep- 
j idermal cell sheet. An alphabetical 
| sequence is used to denote positional 
j labels at intervals along the proxi- 
I mal-distal axis, with cells at the base 
J of each segment labeled A and those 
at the tip labeled E. The smooth se- 
quence of positional labels around the 
'l circumference of the limb has been 
: represented at intervals by the num- 
I bers of a clock face, to emphasize their 
; continuity. 

Let us now look at some experiments 
on cockroach legs which illustrate the 
general principles of regeneration 
: mentioned above. Regeneration takes 
place to restore the continuity of 
positional labels along the proximal- 

■ distal axis of the leg. Thus, when part 
: of a tibia is removed and the distal tip 
: j is grafted to the stump, the missing 
5 part of the segment is replaced. A 
j graft of proximal leg tissue from the 

■ tibia onto a more distal stump of tibia 
•f also creates a discontinuity in the se- 
j quence of positional labels, and re- 
f generation occurs, as shown in Figure 

: 15, even though all parts of the tibia 
j are already present. The regenerated 
J tissue is in fact a mirror image of the 
I adjacent part of the graft, but in op- 
| posite polarity, and the end result is 
4 a grotesquely long tibia. 

I Regeneration also restores continuity 
-| of positional labels around the cir- 
; j cumference of the leg. The apposition 
I of tissue from different points around 
I the circumference of the insect leg 



Figure 4. The positional value of a ceil on the believed to be specified by ji "label ’ consisting 
epidermal sheet of an insect leg—as repre- of two elements; one to indicate distance along 
seated here by the tibia of a cockroach, shown the tibia from the body, and the other to indi¬ 
in an enlargement and a cross-section—is cate a point on the circumference of the leg. 


leads to the regeneration of the tissue 
which normally lies between the host 
and graft tissues (13). This filling-in, 
or intercalation, of tissue to restore 
continuity takes place with almost 
equal effectiveness at all points 
around the circumference. As a spe¬ 
cific example, illustrated in Figure 6, 
if a strip of tissue with labels 8-4 is 
grafted in place of the strip of tissue 
between labels 9 and 8, then interca¬ 
lation will result in filling in tissue, 
with labels 5-7 where cells of the graft 
with label 4 abut cells of the host with 
label 8. Intercalation will also occur at 
the other border of the graft, filling in 
the cells which lie between label 9 of 
the host and 8 of the graft. At the 
junction of the graft labeled 4 and the 
host labeled 8 there are two possibil¬ 
ities for intercalation, since positional 
labels are smoothly graded—the tis¬ 
sue to be filled in could be 3,2,1,12, 
11,10,9 or it could be 5,6,7. It turns 
out that intercalation always takes 
the shortest route; in this case, the 
tissue which is filled in is that with the 
labels 5-7. 

The same principles apply to regen¬ 
eration of both drosophila imaginal 
discs and amphibian limbs. In the 
amphibian limb, however, the posi¬ 
tional labels along the proximal-distal 
axis form a continuous sequence ex¬ 
tending along the whole length of the 
limb, rather than being repeated in 
each leg segment as in the cockroach 
leg. Thus, the replacement of missing 
parts that occurs when a distal blas¬ 
tema is grafted to a proximal stump 
(Fig. 2) can be explained in terms of 
intercalation to restore continuity in 
the sequence of positional labels. 
Around the circumference of the 
amphibian limb, there are no good 
markers which could be used to de¬ 


tect intercalation following grafts of 
strips of tissue from one position to 
another; however, the production of 
supernumerary limbs following 
rotation of the blastema on the stump 
can be explained in terms of interca¬ 
lation. Indeed, supernumerary limbs 
sprout at the graft-host border in 
cockroach legs just as they do in am¬ 
phibian limbs when a leg tip is rotated 
on its stump. The supernumeraries 
sprout at the point at which the cir¬ 
cumferential labels of graft and host 
are most widely separated. Thus, in 
amphibians, when a right limb tip 
blastema is grafted to a left limb 
stump, supernumerary limbs sprout 
from the dorsal and ventral sur¬ 
faces. 

The idea initially proposed (12) was 
that if intercalation could establish a 
complete set of circumferential labels, 
regeneration of all subsequent distal 
parts would be triggered; in other 
words, a complete circle of circum¬ 
ferential labels is a prerequisite for 
regeneration of distal parts. In sup¬ 
port of this idea was the failure of re¬ 
generation in surgically constructed 
amphibian limbs made up of two 
symmetrical half-limbs (14). How¬ 
ever, more recent experiments have 
shown that such surgically con¬ 
structed symmetrical limbs will re-j 
generate if amputated soon after their 
construction (15), as will symmetrical'; 
limbs which develop following grafts 
of tissue in young embryos (16). ThUB,; 
it seems that although the sprouting 
of supernumerary limbs occurs most; 
frequently in regions where a flo&r 
plete limb circumference has been 
established, a complete, set of cir¬ 
cumferential labels, is not 
prerequisite for the generation of 
■ . more distal structures. . 
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Figure 5. The principle of intercalation in re¬ 
generation is illustrated herein acockroach tibia. 
In the diagram at the right, the experimental 
grafting of proximal tissue (B-E) onto a more 
distal stump (A-D) creates a gap in the se¬ 
quence of positional labels; intercalation then 
takes place to fill in the gap and produces an 
abnormally long structure. In nature (below), 
with intercalation acting to restore the se¬ 
quence of labels between proximal and less 
pToximal structures, for example, this principle 
results in the regeneration of a normal limb. 
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This brings us to the question of how 
distal parts are replaced when an 
amphibian limb is amputated. For 
although these ideas of intercalation 
make predictions about what will be 
regenerated following various grafts, 
the ultimate goal is to understand 
how the missing parts of the limb are 
replaced following amputation. Is cell 
intercalation involved in the re¬ 
placement of parts amputated from 
limbs? This problem has been tackled 
by Bryant and Baca (17) for am¬ 
phibian limbs and discussed more 
recently in general terms by Bryant 
and co-workers (18), For the am¬ 
phibian limb, the following sequence 
of events following amputation is 
suggested (see Fig. 7), The superficial 
cells lying around the circumference 
of the cut surface of the limb are la¬ 
beled according to their position. 
Healing over the cut end of the stump 
brings together cells with different 
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circumferential labels but with the 
same proximal-distal labels. Cells 
recognize that they are not adjacent 
to their correct neighbors and divide 
to generate cells to smooth out the 
sequence of labels. The cells that are 
generated, however, acquire a more 
distal label These newly generated 
cells now notice gaps in the circum¬ 
ferential sequence of cells with this 
proximal-distal label, and they gen¬ 
erate cells to smooth out discontinu¬ 
ities at this level, and so on, until the 
most distal parts of the limb have 
been formed. 

The idea that the generation of cells 
with more distal positional values 
may be linked with cell division is 
reminiscent of the progress-zone 
model of limb development. We can 
check whether this conclusion is 
supported by intercalation of tissue 
along the proximal-distal axis. Recent 


experiments using color mutants of 
the axolotl ( Ambystoma mexicanum) 
have enabled the contribution of the 
stump and the blastema to be as¬ 
sessed (19). It turns out that when a 
distal blastema is transplanted onto 
a proximal stump, it is the proximal 
stump tissue which gives rise to the 
missing tissue. These experiments 
also indicated that there was some 
regeneration of tissue when a proxi¬ 
mal blastema was grafted to a distal 
stump, which could be recognized 
because of the color marker. In this 
case the extra tissue was derived from 
the grafted blastema and would have 
more distal labels, as in the cockroach 
leg. Thus it does seem that cell divi¬ 
sion, ip the regenerating amphibian 
limb at least, is linked to the produc¬ 
tion of more distal cells. 

The epidermis of the cockroach leg 
and drosophila imaginal disc are lit¬ 
erally sheets of cells; it is easy to 
imagine the smoothly graded se¬ 
quence of cellular positional labels 
and to understand how apposition of 
cells from different positions in the 
sheet cquld lpad to intercalation. But 
in the amphibian limb, which is a 
three-dimensional structure and not 
a two-dimensional sheet of cells, the 
cells in the center of the blastema 
must have a particular way of finding 
out how to behave. 

The best suggestion at present is that 
the reading of information from the 
superficial layer of cells, the dermis, 
around the outside of the limb could 
determine the pattern of differen¬ 
tiation of cells deep within the blas¬ 
tema; Such a mechanism could de¬ 
termine whether a cell becomes a 
cartilage cell or a muscle cell. This 
choice of pathway of differentiation 
has been of great interest in research 
on the developing limb. Recent work 
on the embryonic bird limb has 
shown that muscle cells have been set 
aside trope a very early stage in de¬ 
velopment, and positional cues in the 
developing limb are not involved in 
specifying their differentiation ( 20 ). 
Other findings suggest that the cells 
which give rise to the muscle cells of 
the mature regenerated amphibian 
limb may also have been set aside: 
marking experiments show that car¬ 
tilage cells cannot give rise to muscle 
cells in the regenerate/whereas cells 
from whole muscle, which includes 
connective tissue, can give rise to 
cartjlage and muscle ( 21 ). However, 
this finding is controversial ( 22 ). 
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the result is a grotesque limb. By 
contrast, during limb development 
when positional labels are being ac¬ 
quired, long-range positional cues 
appear to be involved—for example, 
the signal from the polarizing region 
which affects tissue at a distance (but 
see Iten and Murphy, 23, for an op¬ 
posing view). 
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I Figure 6. Intercalation can take place to restore 
1 a smooth sequence of clockwise labels around 
! the circumference of an insect leg, represented 
here by the tibia of a cockroach. When a strip 
, of tissue with labels 8-4 is grafted so that the 
f new 8 abuts a 9 and the new 4 abuts an 8, the 
| result at one end of the graft is the filling-in of 
I a few cells between the 8 and 9; at the other 
| end, all the cells with labels 5 through 7 are 
, I generated to fill the gap between 4 and 8, 


1 Intercalation and cell 
properties 

I The initial suggestion was that the 
1 problems involved in regenerating a 
:J limb are much the same as those in- 
J volved in developing a limb in the 
I first place. Although the impetus for 
1 this research has arisen from viewing 
j regeneration as . a developmental 
process, the results indicate that the 
| mechanisms involved in limb regen- 
eration are different from those in- 
. volved in limb development. In re- 
j generation, missing parts are pro- 
| duced by interaction of cells which 
«already possess positional labels; in 
development, structures form as cells 
I acquire positional labels. Further¬ 
more, the cell activities involved in 
1; pattern formation during regenera- 
j tion are quite different from those 
l involved during development. In re- 
generation, local cell-cell interactions 
i are involved, and a smooth sequence 
, of positional labels is restored even if 


The most dramatic aspect of these 
recent ideas about regeneration is 
that they imply a set of cell interac¬ 
tions which were not previously ap¬ 
preciated. The problem now is to 
unravel what is happening at this 
cellular level—to identify and to lo¬ 
cate the cell’s positional label. One 
possibility is that the label is carried 
on the cell surface; another is that the 
label is carried inside the cell and can 
be recognized by the exchange of in¬ 
formation via gap junctions. This may 
help a cell not only to recognize that 
it is not abutting its normal neighbor 
but also to keep a check that it is in 
the correct position. When cells find 
themselves next to cells with very 
different positional labels, how is 
growth stimulated? An under¬ 
standing of the mechanisms involved 
may shed light on other problems of 
growth control, such as those which 
occur in the development of tumors. 
How are cells with intermediate labels 
generated when tissue from one po¬ 
sition is grafted to a different posi¬ 
tion? It may be that cells are gener¬ 
ated sequentially from each tissue 
boundary until no discontinuity in¬ 
tervenes, or it may be that the cell 
with the label midway between that 
of the host and the graft tissue is 
generated first, then cells with labels 
midway between that cell and those 
of host and graft, and so on. These 
questions may soon be answered by 
experiments on cockroach legs or on 
imaginal discs, where adequate 
markers are available. 

In this context, one can speculate on 
the reasons for the failure of mam¬ 
malian limbs to regenerate. Perhaps 
the cells of the mammalian limb do 
not retain their positional labels. Al¬ 
ternatively, the cells may not be able 
to recognize the positional labels of 
their neighbors. A further possibility 
is that there is a defect in the ability 
to stimulate growth. Of course, it may 
turn out that there is another reason 
altogether. However, it is probably 
not too farfetched to suggest that the 
answers to these questions may 
eventually be found. 
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Figure 7. The principles of intercalation can 
account for the regeneration of distal structures 
of amphibian limbs—e.g., for the restoring of 
an entire foot and part of a leg after amputa¬ 
tion. The proposed sequence of events is based 
on the assumption that the superficial cells of 
the amphibian limb have positional labels 
similar to those of the epidermal sheet of the 
insect leg (see Fig. 4), After an amphibian leg 
is amputated the cut edges of the stump are 
drawn together in healing. The superficial cells 
of these edges “recognize” that although they 
all have the same proximal-distal labels, there 
are gaps in the sequence of circumferential la¬ 
bels. Intercalation takes place, filling the gap: 
in the circumferential sequence, but necessarily 
producing cells with a more distal label. Th 
new cells now recognize their own gaps in t 
circumferential sequence of labels, and int 
calation again takes place, recurring until 

most distal parts of the limb have been ci 

and a complete circumferential seque 
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“But this is just a simplistic way of looking at the problem. 


Herman H. Shugart, Jr. 
Darrell C. West 


Long-Term Dynamics of Forest 
Ecosystems 


Computer simulation models , which allow for 
numerous seedlings and the long lives of large trees, 
predict how forests will respond to different 
management techniques 


v Forests often represent a tranquillity 
| associated with the apparent 
■ changelessness of large trees. Ironi¬ 
cally, this tranquillity is largely a 
\ product of the human perception of 
i time. Forests are, in fact, dynamic 
ecosystems with continual mortality 
: in tree populations balanced by the 
\ tremendous reproductive capacities 
of trees. For each tree that grows to 
I the forest canopy, hundreds of mil- 
lions of seeds and seedlings perish 
(Hett and Loucks 1971). Heavy- 
seeded trees such as oaks or hickories 
may produce 200,000,000 seeds in a 
lifetime, and light-seeded trees like 
willows or cottonwoods may produce 
: billions (Bessey 1904). 

High rates of birth and death of trees 
i in combination with their great po- 
• tential longevity make actual obser- 
1 vations of the mechanisms of forest 
j dynamics beyond the realm of most 
investigations. However, there is an 
I increasing need to understand how 
I forest ecosystems are affected by 
natural and anthropogenic environ- 
f mental disturbances. How do certain 
i forests respond to altered atmo- 


| Herman Ii Shugart is a senior scientist at Oak 
I Ridge National Laboratory. He received his 
1 Ph.D.in zoology from the University of 
Georgia and has published on several topics, 
most of them involving the use of computers 
in ecology, tarrell C. West received his Ph.D. 

. in botany from the University of Tennessee 
§ and is a research scientist at Oak Ridge Na- 
: 1 tional Laboratory. He has worked in forest 
I ecology and has produced papers in forestry 
4 a nd botany. Their research has been sup- 
I ported by the Ecosystem Studies Program of 
the National Science Foundation and by the 
§ Department of Energy. Address: Environ- 
M mental Sciences Division, Oak Ridge National 
|| laboratory, Oak Ridge, TN 37830.' 


spheric pollutant levels and to major 
or minor climate change? How might 
responses of forests affect the global 
supply of atmospheric gases, partic¬ 
ularly carbon dioxide? What may he 
the consequences of new forest man¬ 
agement schemes? Can we ensure the 
survival of rare and endangered 
species in forests? Valuable tools that 
are being used to answer these and 
other more basic ecological questions 
are the computer models of the 
changing patterns of life in a for¬ 
est-called succession—that have 
been developed over the past decade 
(Fries 1974; Shugart and West 
1980). 

Forest ecosystems are dynamic en¬ 
tities that may not be static in either 
time or space. Many of our concepts 
of ecosystem management are based 
on the hope that if a forest is left alone 
it will gradually return to its natural 
state. “Succession,” “wilderness,” 
“virgin forests,” and “climax forests” 
are all concepts that appeal to the 
basic notion that forest systems 
should approach some, equilibrium 
state with time, However, research 
using detailed computer models in¬ 
dicates that forests in a highly dis¬ 
turbed landscape may remain in a 
perpetual state of effective nonequi¬ 
librium. If the scale of disturbance is 
large, then the amount of land needed 
to absorb the effects of the distur¬ 
bance is also large. A woodlotor even 
a small park may never become a 
pristine wilderness, simply because it 
is too small. 

The fundamental data for under¬ 
standing the dynamics of forests are 
the diameters and species of the trees 
that make up the forests. Tree diam¬ 
eter (typically measured at breast 
height and denoted dbh) changes for 
an individual tree as the tree grows. 


Over a given area, the statistical dis¬ 
tribution of tree diameters changes as 
a complex consequence of tree birth, 
growth, and death. Because a forest is 
composed of many trees and because 
the number of factors affecting the 
life of each tree is large, realistic 
models of forest dynamics based on 
individual trees have developed only 
as computing power has become 
available. 

Before 1970 there were only a handful 
of these models, but today, owing to 
the increased availability and the 
decreased cost of computing, there 
are over 100 models in the United 
States alone. These models vary in 
their mathematical form, level of de¬ 
tail, success rate, and in the type of 
forest they mimic. The most elabo¬ 
rate models include the shape and 
location of each tree to determine tree 
competition and growth. The need for 
detailed mathematical descriptions of 
the shapes of trees limits the appli¬ 
cation of such models to commercial 
forests of one well-studied tree 
species (Shugart and West 1980). 
Simpler models, considering only the 
probability of one large tree being 
replaced by another of another 
species, are often used for more di¬ 
verse forests. In this paper we will 
treat models that simulate forest dy¬ 
namics by calculating the competitive 
interrelationships among trees in a 
restricted spatial unit—typically the 
gap in a forest canopy created by the 
death or removal of a large canopy 
tree. For this reason they are called 
gap models. 

Gap models 

Since gap models deal with birtl 
growth, and death of individual tree 
one can incorporate into the mod. 
unique biological features of differej 
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Table 1, Tests of gap models 3 showing structural and functional responses b 


Type of test Structural response Functional response 

Verification is consistent with structure and Predicts forestry yield tables for lob- 

Model can composition of forests In New lolly pine in Arkansas (forar) 

be made Hampshire (jabowa), Tennes- Predicts relations of forest types in 

to predict see (foret), and Puerto Rico succession in middle altitudinal 

known (forico), and floodplain of the zone in Australian Alps (brind) 

feature of Mississippi River (formis) Predicts response to clear-cutting in 

a forest Compares to subtropical rain forest Arkansas wetlands (swamp) 

of known age (kiambram) Predicts change in forest types as a 
Predicts Arkansas upland forests function of flood frequency in Ar- 

basedon 1859 reconnaissance kansas wetlands (swamp) and the 

(forar) Mississippi floodplain (formis) 

Validation Predicts frequency of trees of Predicts response of Eucalyptus for- 

Model various diameters in rain forests ests to fire (brind) 

independently in Puerto R ico (forico) and up- Assesses effects of the chestnut blight 

predicts lands in Arkansas (forar) on forest dynamics in southern 

some known Predicts vegetation change in re- Appalachian forests (foret) 

feature of sponse to elevation in New Predicts forestry yield tables for alpine 

a forest Hampshire (jabowa) and Aus- ash in New South Wales (brind) 

tralian Alps (brind) 

Determines effects of hurricanes 
on diversity of the Puerto Rican 
rain forest (forico) 

Application Predicts changes In a 16,000-year Predicts response of northern hard- 

Model pollen chronology from East wood forest to increased levels of 

predicts the Tennessee in response to cli- C0 2 in atmosphere (jabowa) 

response of mate change (foret) Predicts response of southern Appa- 

a forest to Assesses habitat management lachian hardwood forest to de- 
changed schemes for endangered creased growth due to air pollutants 

conditions species (forar), nongame bird (foret) 

species (foret), and ducks Predicts response of northern hard- 
(swamp) wood forest (jabowa), southern 

Appalachian forest (foret), Ar¬ 
kansas upland forests (forar), Ar- 
, kansas wetlands (swamp), and 
Australian subtropical rain forest 
(kiambram) to various timber man¬ 
agement schemes 

3 brind is a model of Australian Eucalyptus forests (Shugart and Noble 1981); forar of Arkansas 
mixed pine-oak forests (Mielke et al, 1978); foret of Tennessee Appalachian hardwood forests 
(Shugart and West 1977); forico of Puerto Rican Tabonuco montane rain forest (Doyle 1981); formis 
of Mississippi River floodplain deciduous forest (Tharp 1979); jabowa of northern hardwood forest 
(Botkin et al. 1972); kiambram of Australian subtropical rain forest (Shugart et al. 1981); swamp 
of Arkansas wetlands forest (Phipps 1979), 


b Structural responses describe a forest at onetime, or on the broad level of species composition 
only, Functional responses allow for more quantitative detail, examining a forest over a period of 
time. 



determined by whether or not sites 
have been burned or flooded. 
Whether the ground surface is ex¬ 
posed mineral soil or organic matter 
can eliminate, reduce, or amplify the 
reproduction of a given tree species. 

Gap models all use a basic growth 
equation that balances the increased 
photosynthate production of a large 
tree with the growing respiratory 
costs of maintaining living tissue as 
trees increase in size. The models all 
consider shading from taller trees as 
an influence on the growth of subor¬ 
dinate trees, based on use of the light 
extinction equation referred to as 
Beer’s law. As conditions differ from 
the climatic optimum for a given 
species, or when there is crowding, 
growth is also reduced. The growth of 
each tree is computed each year. 

Trees in a gap model are killed as a 
stochastic function of each species’ 
expected longevity. Further, trees 
that are growing slowly or that have 
been damaged by fire are subject to 
an increased probability of mortality. 
Trees may also be killed by wildfire, 
blown down by a hurricane, or 
knocked over when a larger tree 
falls. 

A model can be used in three ways 
(Shugart and West 1980), and these 
uses can be considered tests. The first 
test—verification—is whether a 
model can be made consistent with 
some set of observations. The sec¬ 
ond—validation—is whether the 
model agrees with observations that 
are independent of those used to 
structure the model and estimate its 
parameters. The third test—-appli¬ 
cation—is whether it provides correct 
insights into either basic or applied 
problems. Applying a model often 
produces interesting predictions to be 
tested by future observations or ex¬ 
periments. 


tree species from different parts of 
the world. Each model begins with 
the random establishment of small 
trees in a gap. The models may com¬ 
pute survival based on the number of 
seeds or vegetative reproductive 
structures such as below-ground lig- 
notubers, as found in some Eucalyp¬ 
tus trees, or on the production of 
stump and root sprouts by individual 


trees that are of appropriate size and 
species. 

A model for a particular forest should 
include any other factors affecting 
tree reproduction in that ecosystem. 
For instance, certain conditions are 
needed for transporting seeds to a 
germination site. Seed germination 
and seedling establishment may be 


Gap models have been tested exten¬ 
sively, often at a very detailed level 
(Table 1). They have been used to 
simulate species composition and 
behavior through time in response to 
changed environmental conditions, 
and to provide qualitative descrip¬ 
tions of forests. For example, one test 
of a forest simulator is to predict the 
locations of changes in forest com¬ 
position or structure along real or 
abstract environmental gradients 
(Shugart et al. 1980). An advantage of 
such a test is the ease with which the 


test can be validated. By changing the 
climatic conditions in a model to 
agree with those at different eleva- 
j lions on a mountain, and examining 
'the mountain to determine if the 
j predicted ecosystems occur in nature, 
| one can assess the accuracy of the 
model. 

(Shugart and Noble (1981) used the 
(BRIND model to predict the changes 
tin Eucalyptus forests at different 
(altitudes in the Brindabella Range in 
the Australian Capital Territory (Fig. 
*1). The transitions from one forest 
type to another appear to be a con¬ 
sequence of some kind of environ¬ 
mental alteration, such as climatic 
( change, that affects the competitive 
(relations of the tree species and could 
(not be inferred from a knowledge of 
(the physiology of each species alone; 
yet the structure and dynamics sim¬ 
ulated by the model for different cli¬ 
matic conditions match the various 
(real forests. Further, the simulated 
response of the forests to wildfires of 
(different intensities agrees well with 
patterns observed on the mountain¬ 
sides in the region and, more gen¬ 
erally, for wet scierophyll forests 
throughout New South Wales, Vic¬ 
toria, and Tasmania (Ashton 1980). 



Figure 1. Computer models of a forest can allow photograph of the Australian Brindabella 
for the different climatic conditions al various Range, Next to the lake in the foreground is a 
elevations on a mountain. The BRINK model mixed peppermint forest; in the middle ground 
successfully predicted the three vegetation is alpine ash; in the background is snow gum. 
zonations and their locations shown in this 


Other gap models have been tested by 
simulating different environmental 
gradients. The JABOWA model cor¬ 
rectly predicted the elevation of the 
transition from hardwood to spruce/ 
(fir forest in the White Mountains in 
New Hampshire (Botkin et al. 1972), 
(and the formis model accurately 
reflected changes of forests in re¬ 
sponse to different degrees of in¬ 
undation in the- floodplain of the 
(Mississippi River (Tharp 1979). 

(Forest ecosystems 

i ■ 

(Many tests of the gap models have 
(produced results that could not easily 
(to inferred from a simple tabulation 
’of the attributes of the dominant 
t species in an ecosystem. These results 
(indicate that the whole ecosystem 
must be considered in attempts to 
Extrapolate from the response of in- 
Jdividual species of trees to the dy¬ 
namics of forests. It is particularly 
Important that such extrapolations 
[should employ models based on 
jspecies-level attributes of tree popu- 
Jlatkms. 

J . ' 

Ip: 

|By comparing simulated behavior of 
iseveral different forest systems, we 

fc’.V-:- ‘ V 


are beginning to formulate general 
predictions of the responses of forest 
ecosystems to disturbance. This 
amountsto using a model as if it were 
a single data point in a study on the 
long-term dynamics of a forest, The 
results that follow are derived from 
the gap models developed at Oak 
Ridge National Laboratory, but these 
results are consistent with those ob¬ 
tained from the JABOWA model (as 
discussed by Borman n and Likens 
1979a, b) and Phipps’s SWAMP model 
(1979). 

A single, small patch within a forest 
is characterized by the growth of a 
number of small trees until one or two 
trees grow large enough to gain dom¬ 
inance over the others. After a hun¬ 
dred years or more these dominant 
canopy trees die, and a new cohort of 
more or less even-aged individual 
trees begins to grow. These young 
trees compete, grow, and die until one 
gains dominance and closes the 
cycle. 

If the mass of plant material on a Via 


ha plot in a forest were weighed, a 
graph of this biomass over several 
centuries would be a cyclical saw¬ 
toothed curve (Fig. 2). We can think 
of a landscape as a mosaic of patches 
of this size, and a gap model can he 
used to predict the fate of each tree on 
each patch. By tabulating the re¬ 
sponses of, say, a hundred of these 
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Figure 2. The biomass in a typical small patch 
of forest, a 1/12 ha plot simulated here by the 
FORET model, fluctuates In response to the 
death of canopy trees and growth of their suc¬ 
cessors, 





patches, the effect of random events 
(particularly events causing the death 
of canopy trees at a given location) 
begins to average out, and a larger- 
scale pattern of response becomes 
observable. 

Bormann and Likens (1979a, b) noted 
this larger-scale response in what they 
call the “shifting-mosaic steady- 
state” concept of ecosystem dynam¬ 
ics. According to this concept, if all 
the patches that comprise a landscape 
are simultaneously altered, as by a 
fire or clear-cutting, the landscape 
will respond by an increase in the 
mass of. total living material, reaching 
a maximum as, after a period of 
reorganization, each patch comes to 
be occupied by a large, mature canopy 
tree. Bormann and Likens felt that 
such a response was typical of the 
hardwood forests of the northeastern 
United States. 

We found this general response in 
forests that are dominated by a single 
species or, as in the forests described 
by Bormann and Likens, when the 
important species in a forest have 
similar growth rates and longevities. 
In these cases, the biomass response 
of the forest through time depends 
largely on the estabiishment of a 
mature forest structure, 

Following a large-scale disturbance all 
the plots representing a forest are si¬ 
multaneously covered by trees of the 
same age. As these trees grow, the 
biomass across all the plots increases. 
One or two large trees on each plot 
become dominant through competi¬ 
tion for light and nutrients. If the 
species that comprise the forest have 
similar longevities and growth rates, 
there is synchrony across the plots, If 
the species also are of similar size at 
maturity, then maximum biomass of 
the forest is attained at this stage 
because all plots are simultaneously 
occupied by large trees. 

As these canopy trees die, there Is a 
loss of biomass. Eventually, a mature 
forest structure emerges as growth/ 
death cycles of the forest patches 
become nonsynchronous. Quasi 
equilibrium is reached as the average 
biomass across the plots remains rel¬ 
atively constant. This quasi equilib¬ 
rium is directly analogous to the 
“shifting-mosaic steady-state” con¬ 
cept of landscapes, and is consistent 
with several other interpretations of 
equilibrium in landscape systems 
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(Heinselman 1973; Forman 1979) and 
in ecosystems in general (see, for ex¬ 
ample, Levin and Paine 1974). A 
mature forest of this stage in south¬ 
ern Appalachia features large trees 



Figure 3. Natural disasters can cause the 
maximum biomass to occur at different stages 
of forest , development. Fire in an Arkansas 
forest changes the dominant species from pine 
to the larger oak; prolonged flooding in a cy¬ 
press swamp kills seedlings, thus delaying the 
biomass peak. A rain forest containing diverse 
species has no peak at all. For ease of compar¬ 
ison, each response is scaled to have a value of 
1,0 at year 600, 


in stands with up to 600 metric 
tons/ha of biomass. Interspersed 
throughout the forest are patches 
where a canopy tree has recently died, 
containing several thousand stems 
per hectare and biomass values of 20 
to 40 metric tons/ha; and older 
patches with larger trees of nearly 
equal age (Shugart and West 1977). 

We call this dynamic forest response 
the intrinsic biomass response, A 
particularly clear case of such a re¬ 
sponse is found in the alpine ash 
[Eucalyptus delegatensis) forests as 
simulated by the BRIND model (Fig. 
3) (Shugart and Noble 1981). This 
intrinsic response is essentially that 
reported by Bormann and Likens 
(1979a, b) as well. 

When forest growth is modified by 
external disturbances or when the 
dynamics of the forest involve 
changes in composition as well as in 
biomass, the intrinsic biomass re¬ 
sponse can be altered considerably 
(Doyle 1981). For instance, in diverse 
forests such as tropical and subtro¬ 
pical rain forests and southern Ap¬ 
palachian hardwood forests, trees on 
disturbed patches have less syn¬ 
chrony of growth, the biomass peak is 
lost, and the maximum biomass oc¬ 
curs during the mature phase. How¬ 
ever, in other diverse forests the first 
species to colonize disturbed sites 
attain a larger size than the species 
that are found in mature forests, and 
the biomass peak is amplified and 
greatly overshoots the mature phase 
biomass values. Examples are when 
oak (largely Quercusfalcata) replaces 
pine [Pirns taeda) as the dominant 
species in an Arkansas forest, or when 
alpine ash [Eucalyptus delegatensis) 
gives way to other Eucalyptus species 
in Australia after a fire. 

In general, stresses that tend to re¬ 
duce the rate of establishment of 
young trees also tend to modify the 
intrinsic biomass response. This oc¬ 
curs, for example, in FORMIS simu¬ 
lations of bald cypress [Taxodium 
distichum) swamps under conditions 
of regular prolonged flooding (Tharp 
1979). Because bald cypress seedlings 
cannot be immersed in the floods ex¬ 
cept for short periods, in many sites 
the establishment of the species is 
episodic, requiring two years without 
prolonged flooding so that seedlings 
can survive. Frequent wildfires in a 
snow gum [Eucalyptus pauciflora ) 
forest in Australia are another kind of 


i stress that can drastically affect the 
: regeneration of young trees. 

i For a mature forest to approach a 
j state of biomass quasi equilibrium, it 
■j must contain 50 to 100 patches, each 
‘ of which responds to independent 
; small-scale disturbances such as the 
' fall of a tree. This number tends to he 
; larger in diverse forests, where the 
j vegetative composition and thus the 
j forest structure at a given point can 
\ be more variable. As the processes 
:j that disturb small pieces of a land¬ 
scape are largely stochastic, the 
i minimum number of patches needed 
j to represent a landscape depends on 
how much variation around the 
landscape equilibrium is acceptable. 

»We have found that forest landscape 
; responses averaged over fewer than 
; 50 plots, where each plot is the same 
1 size as the area of disturbance, are 
i highly variable as they are overly in- 
; fluenced by the particular local his- 
! tory of disturbance. 

; Nonequilibrium 
[landscapes 

The need to average the behavior of 
50 or more patches to obtain quasi 
: equilibrium at the landscape level 
; means that some landscapes may not 
: be large enough to reach equilibrium 
(Fig. 4). Because the patch disturbed 
by the fall of a large canopy tree is on 
the order of 100 to 1,000 m 2 , the 
/minimal landscape large enough to 
j absorb the effects of tree falls without 
leaving equilibrium is on the order of 
10 4 to 10 B m 2 . As the size of the dis¬ 
turbance increases, proportionately 
! more area is needed to average out its 


hurricanes 



tree falls 


10 4 10 “ 10 ’° 10 ” 

Landscape area (m s ) 

Figure 4. Some forested areas are too small to watershed can be relatively unaffected by the 
reach quasi equilibrium because they are fall of a tree, but drastically altered by a mas- 
subject to large-scale disturbances. A small sive fire. 


For instance, most small watersheds 


■ eastern United States are large 
enough to remain in quasi equilibri- 
; um when a tree falls, or some other 
/ small-scale disturbance occurs. 

• However, a wildfire of the size com- 
\ monly found in the southern Appa¬ 
lachian region would reduce these 
j: same watersheds to nonequilibrium, 
j These systems are therefore effec¬ 
tively nonequilibrium landscapes, 

J since large proportions of the small 
watersheds synchronously respond to 
| each wildfire. The amount and type 
| of vegetative cover may differ over 
| time. It appears that only the larger 
.-4 national forests and recreational 
parks in the southern Appalachians 


random wildfires and remain in quasi 
equilibrium. 

It is difficult to provide constant 
levels of habitat for some plant or 
animal species in nonequilibrium 
landscapes, Such habitat constancy 
could be obtained by altering the 
scale of disturbance or by increasing 
the area under management, but 
often neither of these strategies is an 
available option. In the case of the 
Appalachian forest landscape, suffi¬ 
cient area is involved so that a na¬ 
tional park could be managed with 
the diversity of landscape patches 
remaining in relatively constant 
proportions, even given the scale of 
wildfires in the region. 

However, the amount of forest 
burned annually by wildfire in Aus¬ 
tralia approaches the size of the entire 
range of many of the Eucalyptus 
species that make up these forests 
(Luke and McArthur 1978). For ex¬ 
ample, the effects of a holocaust in 
1939 are manifested today in the un¬ 
stable age and size structure of the 
total population of the alpine ash 
(Hillis and Brown 1978). Dispropor¬ 
tionately large numbers of the popu¬ 
lation were established in 1939 in re¬ 
sponse to favorable conditions for 
germination caused by the fire. Trees 
older than 1939 are relatively rare. 


Only the largest island of the Carib¬ 
bean, Cuba, might possibly have a 
landscape in equilibrium despite 
hurricane disturbance. Given the 


the Caribbean, the vegetation on any 


in an effectively nonequilibrium state 
(Doyle 1981). An instance is Domin¬ 
ica, where some of the most extensive 
stands of mature rain forest in the 
Caribbean were severely damaged by 
hurricane David in 1979. 

All the landscapes discussed above 
have a common feature. Computer 


gap model, indicates that if enough 
landscape patches can be averaged 


of these landscapes tends, over time, 
to approach an equilibrium. However, 


the theoretical possibility that 


regimes are intrinsically nonequilib¬ 
rium (Shugart and Noble 1981; Shu¬ 
gart et-al. 1980). 


it IS 


tation types at a given location 

(Walker 1981). The results from the 

\ -- -’-somewhat 


less detailed, models (Cattelino et al. i 
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1979; Noy-Meir, in press; Noble, in 
press) indicate that these landscapes 
would most likely occur in transition 
zones between different types of 
vegetation. Griggs (1946) and Leak 
and Graber (1974) have found evi¬ 
dence on mountains of the presence 
of more than one potential and per¬ 
sistent vegetation type; Marie-Vic- 
torin (1929) and Polunin (1937) have 
found similar evidence for larger 
areas. The simplest case involves two 
different types of vegetation that, 
once established in a landscape, 
would each be self-sustaining in rel¬ 
atively constant proportions, 

If a management decision changed 
the proportion, the landscape would 
not return over time to its former 
proportion, but would remain at the 
new one. These landscapes could be 
most unforgiving to a land manager 
who made an incorrect decision re¬ 
garding the stewardship of the land. 
An undesirable landscape configu¬ 
ration, once produced, would not re¬ 
vert to its former state when left 
alone; it would remain in the unde¬ 
sirable state until it was actively 
transformed to some other state. 

Other aspects of these results should 
be considered in developing plans for 
forest management. The ability of 
gap models to simulate independent 
data from a variety of contexts with 
great detail gives increased credibility 
to their results. The models use at¬ 
tributes of individual species to de¬ 
termine the growth of each tree in a 
sample plot, but they consistently 
indicate that there must be an explicit 
consideration of interactions among 
species to predict ecosystem response. 
The implication is that, for example, 
pollutant effects measured on indi¬ 
vidual trees will not necessarily be the 
same in magnitude or even direction 
when applied across an entire forest 
(West et al. 1980). The development 
of experimental programs to assess 
environmental effects in forests must 
take into account ecosystem dynam¬ 
ics of forests as well as data collection 
on the performance of trees. 

Our studies indicate that to under¬ 
stand and manage forests we must 
think of them as large ecosystems. 
The studies also indicate that a static 
concept of ecosystems as unchanging 
in time is not a necessary part of a 
theory of ecosystem dynamics. A 
.pattern of great change in the forest 
composition over the past several 


thousand years, borne out by much 
evidence on fossil pollen (Brubaker 
1975; Davis and Webb 1975; Davis 
1981), casts doubt on the concept that 
the forests of eastern North America 
are, in toto, ecosystems of great an¬ 
tiquity. The importance of under¬ 
standing forest ecosystems lies not in 
their age, but in the relevance of what 
is happening in forested landscapes at 
present. 
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Peter R. Grant 


Speciation and the Adaptive 
Radiation of Darwin’s Finches 

The complex diversity of Darwin’s finches may > 
provide a key to the mystery of how intraspecific _ 
variation is transformed into interspecific variation 


Darwin’s finches provide a textbook 
example of adaptive radiation, the 
evolutionary diversification of a single 
lineage into .a variety of species with 
different adaptive properties. The 
diversity of form and function within 
this single subfamily (Geospizinae) 
of birds is remarkable, especially in 
beak structure and feeding habits 
(Fig. 1). AH species feed on a variety 
of foods, but some feed in unusual 
1 ways. One species, Cactospiza pall¬ 
ida, uses twigs, cactus spines, or leaf 
petioles to pry insect larvae or ter¬ 
mites out of cavities in the dead 
branches of trees in an arid zone 
habitat on the Galapagos Islands 
(Lack 1947), and a related species, 
Cactospiza heliabates, performs 
similar maneuvers in mangroves 
(Curio and Kramer 1964). Members 
of one population of Geospiza diffi- 
cilis are sometimes called vampire 
finches because they perch on large 
seabirds (Sula spp.), peck around the 
base of the tail, draw blood, and drink 
it (Bowman and Billeb 1968). Other 
finches (G. fortis, G. fuliginosa, and 
G. difficiUs) remove ticks from tor¬ 
toises and iguanas, in some instances 
by responding to ritualized soliciting 
behavior of the reptiles (MacFarland 
and Reeder 1974 ). Other less bizarre 
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but equally unusual feeding behaviors 
are also known. Lewontin (1978) 
wrote that birds have not developed 
the habit of eating mature leaves of 
trees, but in fact one of the Darwin’s 
finch species, Platyspiza crassiros- 
tris, eats the mature leaves of the tree 
Solarium, erianthum, a relative of the 
potato, as well as the leaves of other 
tree and herb' species. 

The frequent use in textbooks of 
these and other patterns of variation 
in Darwin’s finches belies the com¬ 
plexity of the evolutionary processes 
they illustrate, the ambiguities of the 
evidence, and the differences of 
opinion among biologists about just 
how these birds evolved. In this arti¬ 
cle I shall trace the historical devel¬ 
opment,of current ideas about the 
evolution of the finches, discuss the 
areas of contention, and indicate 
where I believe present and future 
studies are likely to further our un¬ 
derstanding. 


lection. In short, he made them fa- 


Darwin was not the first person to see 
the finches; the first Europeansto see 
them were Spaniards on their initial 
visit to the Galapagos Islands in the 
sixteenth century (Beebe 1924). Nor 
did he first describe them: they were 
first mentioned in the writings of 
Colnett (1798), and first described 

scientifically by Gould, The finches 

are named after Darwin (Lowe 1936) 
because he was the first person to 
collect them. It was the specimens he 
gathered with Captain Fitzroy and a 
number of assistants that were de¬ 
scribed by Gould, They are named 
after him also because his observa¬ 
tions on them, and on the GalApagos 
mockingbirds and tortoises, are gen¬ 
erally believed to have contributed 

substantially to his formulation of 

that great organizing principle m 
biology, the principle of natural se- 


What Darwin did not do was offer an 
explanation for the evolution of all of 
the species of Darwin’s finches. There 
are several reasons for this. The small 
differences between species on the 
same island, and between populations 
on different islands, made it difficult 
for him to define the limits to varia¬ 
tion of a single species and hence to 
determine the number of species, 
given the small number of specimens 
he had. His problems were com¬ 
pounded by failure to record which 
island each of the specimens was 
collected on during his five-week visit 
to the Galapagos. To some extent 
these problems were resolved after his 
return to England by Gould. But he 
was confronted with an additional 
difficulty. He lacked clear evidence of 
geographical replacement of finch 
species-that is, of the occurrence of 
similar species on different islands. 
Geographical replacement was a re¬ 
quirement for his argument that 
species were mutable. The mocking¬ 
birds and tortoises, but not the 
finches, provided this evidence. So 
although he was able to devise a gen¬ 
eral explanation for evolution ana 
adaptive radiation on islands he did 
not apply it specifically to the finches, 
and in fact the finches are not even 
mentioned in any of his four note- 
, books on transmutation of speciesor 
, in the Origin of Species itself (bullo- 
i way, in press). 


We had to wait a long time for the 

resolution of problems of taxonomy 

and distribution and for an adequate 
description of subspecific variation, 
A great deal of collecting activity for 
museums took place at the turn of the 
last century, culminating m the 
year-long expedition of the California 
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Academy of Sciences in 1905-06. It is 
fortunate that this expedition was not 
mounted a year earlier, for while its 
members were assembling thousands 
of specimens in the Galapagos, the 
San Francisco earthquake destroyed 
the collections in the parent institu¬ 
tion. From all the museum material a 
taxonomic synthesis appeared many 
years later (Swarth 1931). It included 
treatment of some finch species that 
were discovered only at the end of the 
nineteenth century, and hence were 
unknown to Darwin. Lack (1945) 
later simplified the taxonomic results, 
and rendered the verdict that is gen¬ 
erally accepted today: there are 14 
species of Darwin’s finches, 13 on the 
Galapagos Islands of Ecuador and 1 
on Cocos Island, off the coast of Costa 
Rica, 

The allopatric model 

The resolution of taxonomic and 
distributional problems was the 
stepping-stone to a comprehensive 
explanation of the evolution of this 
group. The first detailed model was 
provided by Lack (1945,1947). Often 
referred to as the allopatric model of 
speciation, it incorporated the ideas 
sketched out and applied to Darwin’s 
finches a little earlier by Stresemann 
(1936) and was remarkably faithful to 
Darwin’s general reasoning (1859) on 
the causes of adaptive radiation. Lack 
acknowledged these sources of the 
framework of his ideas, but Strese- 
mann’s contribution in particular was 
eclipsed by Lack’s far more compre¬ 
hensive treatment. Strictly speaking, 
then, the allopatric model might be 
referred to as the Darwin-Strese- 
mann-Lack model. In describing it I 
will rely on Lack’s exposition. 

The allopatric model postulates four 
steps. Step one is a single over-water 
colonization of the Galapagos archi¬ 
pelago (Fig. 2). A single colonization 
event is hypothesized because all 
species of Darwin’s finches are more 
similar to each other morphologically 
and behaviorally than to any species 
in Central or South America. The lack 
of an obvious phylogenetic connec¬ 
tion with mainland species has made 
it impossible to identify the mainland 
point of departure. If Melanospiza 
richardsoni on the island of St. Lucia 
in the West Indies is the closest rela¬ 
tive of Darwin’s finches (Bowman 
1961), then a Central American origin 
and a colonization of the Galapagos 
via Cocos Island seem most likely, 



\ 

G. luliginosa 



\ 


G. forth 



G.magnirostris 


Figure 1. The beaks of six species of ground 
finches comprising the genus Geospiza , one of 
three main branches of Darwin’s finches (see 
Fig, 3)1 illustrate some of the morphological 
variation exhibited by this subfamily of four¬ 
teen finch species, Beak size and shape have 
been found to be closely related to diet. Species 
with large, stout beaks, such as G, mgnirostris , 
can crack large, hard seeds, whereas species 
with pointed beaks, such as G. scandens, are 
more adept at probing flowers for nectar. 


followed by the demise of the ances¬ 
tral population. If, on the other hand, 
Volatinia jacarina is the closest rel¬ 
ative (Steadman, in press), a South 
American origin is most likely. 
Whatever the direction, the coloni¬ 
zation is thought to have been trans¬ 
oceanic because the great depth of the 
ocean between the Galapagos and the 
continent does not suggest an earlier 
connection. In fact, recent studies of 
continental drift and plate tectonics 
show that the Galapagos originated, 
if anything, further to the south and 
west of their present geographical 
position (Hey 1977). 

In step two the population of the 
colonists on the initial island in¬ 
creases, some individuals disperse to 
other islands as the carrying capacity 
of the first island is approached or 
reached, and a small amount of ge¬ 
netic change takes place in the new 
environment. Step two might be re¬ 
peated several times, with each oc¬ 
casion producing the colonization of 
a new island and a small degree of 
differentiation. The result is the es¬ 
tablishment of allopatric populations 
of a single species isolated on differ¬ 
ent islands. 

Secondary contact between original 
and derived populations occurs in 
step three. The particular island on 
which this occurs is not important; 
what is important is how different the 
two groups are at the time of contact. 
If the differences are small, inter¬ 
breeding will occur freely and the 
groups will fuse. If the differences are 
moderate to large, individuals of the 
two groups may show only a slight 
tendency to interbreed, and those 
that do interbreed will produce off¬ 
spring less fit than those that breed 
within groups. Natural selection will 
thus favor those individuals that 
breed “true ” and the differences 
between the groups in the signals and 
responses which are involved in pair 
formation and mating will become 
enhanced. 

The overall result is that reproductive 
isolation between the groups initiated 
in allopatry—on different islands-is 
perfected in sympatry—on the same 
island. Lack recognized that repro¬ 
ductive isolation might be complete 
at the time secondary contact is 
made, but thought this was generally 
unlikely. Thus at the end of step 
three, two species have been pro¬ 
duced from one. Their continued 
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(coexistence is dependent upon the 
; presence of a sufficient ecological 
I difference. This is brought about by 
i a Selective process similar to the one 
(described above; selection acts 
j against individuals of the two incipi- 
i ent species which so resemble each 
! other that they are likely to compete 
; severely for resources such as food, 
and the outcome is divergence in re- 
) source-exploiting traits. 

Step four is a simple repetition of this 
( cycle of events, resulting in the gen- 
1 eration of all 13 species (the foup 
! teenth species, on Cocos Island; was 
I not involved in the four-step process). 
(Lack offered a tentative evolutiqnary 
tree to represent these multiple dif- 
ferentiations (Fig. 3). Species were 
• grouped according to their similarity, 


and were aligned in the tree according 
to Lack’s assessment pf primitive and 
derived character states—that, is, 
morphological characteristics which 
developed respectively early and late 
in the evolutionary history of the 
group. Recent biochemical studies 
(Yang and Patton 1981) have sup¬ 
ported his reconstruction of the three 
major groups of fipches, but these 
techniques are not yet capable of as¬ 
sessing relationships within the 
groups reliably. The question of what 
constitutes a primitive character state 
is exceedingly difficult' to answer 
without fossils, but Lack’s scheme 
seems as good as any. 

Evidently the evolutionary radiation 
took place fairly rapidly in geological 
time, for the Galapagos are no more 


than three to five million years old 
(Bailey 1976). 

The role of competition 

About fifteen years later some of 
Lack’s views were challenged by 
Bowman (1961). To understand the 
challenge it is necessary to under¬ 
stand a problem encountered by 
Lack, and how he overcame it, Like 
Darwin, Lack was impressed by the 
similarity of habitat and physical 
features found among the islands at 
comparable altitudes. This presented 
him with a dilemma: If the habitat of 
the new island was similar to that of 
the original island, why did genetic 
change take place in a population 
following the colonization of a new 
island? Adaptation to unique char- 
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acteristics of the new habitat was not 
the answer. 

Lack rejected random genetic drift as 
a mechanism of change, on the 
grounds that populations today 
comprise several hundreds and 
probably thousands of individuals, 
and are therefore not so small that 
random processes are likely to pre¬ 
dominate. The fact that finches move 
in flocks, and in Lack’s view were 
likely to colonize an island in sub¬ 
stantial numbers, argued against the 
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the forces of selection acted against 
members of the two populations that 
resembled each other most closely, 
and thereby reduced competition. I 
should mention parenthetically that 
this is where his views differed most 
from those of Stresemann. Strese- 
mann, who did not visit the islands 
and was not aware of their physical 
similarity, believed that most of the 
differentiation of all species occurred 
in allopatry, and even offered a ver¬ 
sion of the founder effect to explain 
how it started. 


1962; Bock 1966), in part because 
evidence in support of interspecific 
competition was being found far 
faster than it was being contradicted, 
and it was, moreover, rapidly ce¬ 
menting an expanding body of com¬ 
munity ecology theory (e.g., MacAr- 
thur 1972; Cody and Diamond 1975). 
Yet the chief merit of Bowman’s 
views lies in the feet that they provide 
a testable alternative explanation for 
many of the observed morphological 
and distributional characteristics of 
Darwin’s finches. Lack was interested 
in explaining the variation among 
Darwin finches; he did not test his 
hypothesis. Bowman likewise pro¬ 
duced an alternative hypothesis 
without testing it. 


[insectivorous! [ground-pinches] | cactus-feeding] 
\t£‘C.di/f«ilU 

ggffiSE \GE0SPIZA\ 
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Figure 3. In constructing a tentative evolu¬ 
tionary tree for Darwin’s finches, Lack distin¬ 
guished three major groups of finches: Cam- 
arhynchus, or tree finches; Geospiza, a genus 
divided into ground finches and cactus-feeding 
finches; and a third branch consisting of two 
warbler-like genera. The genus Camarhynchus 
is currently divided into Cactospiza (C. pallida 
and C. heliobates), Camarhynchus (C. psit- 
taculu, C. pauper, and C. paruulus), and 


so-called “founder effect,” in which 
change results when an island is 
colonized by individuals possessing a 
small, and perhaps atypical, portion 
of the total genetic variation in the 
parent population (see, e.g., Mayr 
1963; Lande 1980). 

Lack believed that the most likely 
explanation of differentiation in al¬ 
lopatry was Muller’s (1940) theory of 
differential mutations, which held 
that divergence of allopatric popula¬ 
tions occurs through the accumula¬ 
tion of different favorable mutations. 
But differentiation by this process 
would be small, and insufficient to 
account for the large differences be¬ 
tween species in sympatry. Lack 
therefore invoked the process of di¬ 
vergent selection, hypothesizing that 


Platyspiza (P. crassirostris). Of the 14 species, 
13 appear to have been formed in the Galapa¬ 
gos archipelago; the remaining species— Pi- 
narolmas inornata —is found only on Cocos 
Island. Fossil material recently discovered by 
Steadman (1981) may answer further questions 
about the evolution of Darwin’s finches and the 
suspected extinction of some populations. 
(From Lack 1947.) 


Bowman challenged the view that the 
islands were alike in their vegetation. 
While Darwin and Lack focused on 
the general appearance of the habitat, 
Bowman was able to show that the 
islands possessed different floras. 
Thus differentiation in allopatry 
could be explained most simply as 
adaptation to new flora. Bowman 
went further and suggested that such 
change in allopatry might be suffi¬ 
ciently pronounced to'account for 
large differences after secondary 
contact was made. He held that there 
was no interspecific competition and 
hence no divergent selection to reduce 
such competition. 

Until recently Bowman’s views were 
largely ignored, in part because of 
some inherent weaknesses (Selander 


Competition and food 
supply 

In 1973, some colleagues and I de¬ 
signed a program of field studies of 
Darwin’s finches with the explicit aim 
of gathering data that would allow a 
rational choice between Lack’s com¬ 
petition hypothesis and Bowman’s 
floristic, noncompetition hypothesis, 
or a reconciliation of the two views. 
Concentrating on species in the 
ground-finch genus Gempiza, we 
captured and measured finches at 
eight island sites, collecting data on 
the number of finches of each species, 
their diets, and. their food supply 
(Abbott et al. 1977). By devising an 
index based on the size and hardness 
of seeds and fruits, we were able to 
characterize the food supply at each 
site and to make a meaningful com¬ 
parison of the range of seeds and 
fruits available to the birds at differ¬ 
ent island sites. 

The results. supported Bowman’s 
view: the islands do indeed present 
different food environments to the 
finches. It is therefore reasonable to 
suggest that adaptation to a new set 
of food conditions is the principal 
reason for differentiation in step two 
of the allopatric model. The impor¬ 
tance of the food supply was further 
demonstrated by several other find¬ 
ings, for example that the diversity of 
finches increases as the diversity of 
seeds and fruits as measured by the 
size-hardness index increases from 
island to island. 

It would be possible to conclude at 
this stage that finch characteristics 
are determined solely by food, and 
that it is therefore unnecessary to 
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invoke interspecific competition as an 
important driving force of the adap¬ 
tive radiation. But this would over¬ 
look several regularities in the dis¬ 
tribution and morphology of the 
finches which are predicted by a hy¬ 
pothesis of interspecific competition 
for food. 

The first regularity is found in the 
frequency distribution of beak depths 
of coexisting species at the eight sites 
(Fig. 4). Although the spacing be¬ 
tween adjacent species on the beak- 
depth axis differs among different 
species assemblages, only the interval 
between G. fortis and G. scandens on 
the little island of Daphne Major 
clearly violates the trend toward even 
spacing. But these two species are 
quite different in another beak char¬ 
acteristic, that of length. G. fortis has 
a blunt beak suitable for cracking 
moderately hard seeds, whereas G, 
scandens has a long beak suitable for 
probing deeply into flowers (Bowman 
1961). In beak size and shape these 
two species, and other sympatric pairs 
of species, are discrete (Fig. 5). 

The biological significance of mor¬ 
phological differences among species 
lies in the fact that they reflect eco¬ 
logical differences. For example, there 
is a functional relationship between 
beak size and properties of diet. The 
larger the beak of a species, the 
greater the maximum size or hardness 
of the seeds and fruits it cracks and 
eats (Abbott et al. 1977; Grant et al. 
1976; Grant 1981), There is thus a 
significant positive correlation be¬ 
tween the difference in mean beak 
size and the difference in mean size 
and hardness of the seeds and fruits 
consumed (Fig. 6). 



Figure 4, Study of the distributions of beak 
depths in specimens from eight island sites 
reveals a regular pattern of spacing compatible 
with a hypothesis of interspecific competition 
for food. Only G. fortis and G. scandens, on the 
island of Daphne Major, show a similar distri¬ 
bution of beak depths, violating the tendency 


toward a regular spacing with no overlap. 
However, their beaks differ strongly in length 
and are thus suited to very different diets. Most 
of the overlap between other species is pro¬ 
duced by the inclusion of juvenile birds. (After 
Abbott et al. 1977.) 
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sirable to test the observed differ¬ 
ences between species against the set 
of values expected from a null hy¬ 
pothesis—that is, a hypothesis of no 
interaction between species. How¬ 
ever, designing a realistic null hy¬ 
pothesis for such data has so far 
proved to be impossible, for reasons 
associated with small samples, the 
necessity of considering two beak di¬ 
mensions jointly, and the fact that in 
the archipelago setting there is no 



1.0 1.5 2.0 2.5 

Ratio of beak depths 

Figure 6. In general, the more a pair of species 
differ in beak size, the more they differ in diet. 
Conversely, two species that are similar in av¬ 
erage beak depth are also similar in diet, Each 
dot represents a comparison of two sympatric 
species on an island. The positive correlation 
(p < 0.01) is statistically significant. (After 
Abbott etal. 1977.) : 
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nearby mainland area from which 
data can be drawn to construct a 
specific null hypothesis (Grant and 
Schluter, in press; Schoener, in 
press). 

Beyond this apparent threshold dif¬ 
ference of 15% there may or may not 
be a regular pattern of differences 
among sympatric populations. The 
differences between the beak di¬ 
mensions of sympatric populations of 
G, fortis and G, fuliginosa are posi¬ 
tively and significantly correlated 
among islands—that is, if the differ¬ 
ence in beak length is great, the dif¬ 
ference in beak width will also be 
great, and so on. The same is true of 
differences between beak length and 
depth. This positive correlation could 
reflect a limiting similarity that varies 
from island to island. Alternatively, 
it may have no biological significance, 
since the random pairing of popula¬ 
tions of two Species with an identical 
relationship between beak length and 
beak width, such as these two species, 
would produce the same result, 

Differences between sympatric pop-, 
ulations of G. fortis and G. scandens 
also show a regular pattern (Fig. 7), 
but here the correlation is signifi¬ 
cantly negative. The pattern results 
from very different relationships be¬ 
tween beak length and beak width in 
the two species. Thus the sympatric 

j Af 


Figure 5. This two-dimensional representation 
of morphological differences among ground 
finches demonstrates that the six Genspizu 
species differ markedly in both beak size and 
beak shape (chiefly pointcdness). Each dot 
represents a single population of a species. 
(Data from Grant, in press.) 


populations are moderately different 
in both dimensions, strongly different 
in length but weakly different in 
width, or the reverse. Given the as¬ 
sociations between beak size and 
shape and diet (Bowman 1961; Smith 
et al, 1978; Grant and Grant 1980), 
these observations should mean that 
G. fortis and G. scandens differ in 
diet in a variety of ways on different 
islands. The extent to which compe¬ 
tition between the species might have 
resulted in different combinations of 
beak dimensions and hence in dif¬ 
ferent diets is an interesting issue that 
has not so far been addressed. These 
differences are certainly consistent 
with a hypothesis of competition, as 
is the placement of the negative cor¬ 
relation outside the 15% zone. 

If these differences between sympa¬ 
tric populations resulted in part from 
interspecific competition, one of two 
processes miist be involved (Grant 
and Abbott 1980). One is character 
displacement, an evolutionary pro¬ 
cess of divergence of one or both 
species in sympatry resulting from 
natural selection against those indi¬ 
viduals of the two species that com¬ 
pete most severely for food interape- 
cifically (Brown and Wilson 1956; 
Grant 1972a). The other is differen¬ 
tial colonization, an ecological process 
in which colonization of an island by 
a species is successful if the immi¬ 
grants are sufficiently different ecol¬ 
ogically from the resident species and 
a failure, through competitive exclu¬ 
sion, if they are not 

Among Darwin’s finches there are 
outstanding examples of enhanced 
differences in beak size between 
species in sympatry (Fig. 8). The in¬ 
terpretation of this phenomenon as 
character displacement (Brown and 
Wilson 1956) is complicated by two 
factors. First, in an archipelago it is 
difficult to trace out colonization 
routes, and therefore difficult to dis¬ 
tinguish an original character state 
from a derived character state (Grant 
1972a). Second, Bowman’s floristic 
hypothesis may be correct in these 
individual cases. Without disposing 


Of the second complication, it is pos- Figure l Although all sympatric pairs of 
sible to test for character displace- species differ by 15% or more in at least one 
ment in the aggregate by comparing beak diraensifln M. the patterns of differ- 
all sympatric populations of a given 

pair of . species with all allopatric correlated among islands, whereas in G. forth 
populations of the same two species, mdG. scandens (second from tup), there is a 
and by doing this repeatedly for all statistically significant negative correlation 
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steeper than the relationship between popu¬ 
lations of G. fortis.(third from top). Randomly 
and repeatedly combining G. fortis and G, 
scandens populations in pairs, indicated by 
colored dots (bottom), gives a negative corre¬ 
lation between their beak differences that is 
indistinguishable from the correlation for ac- 
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from a random distribution of species 
in all genera, i.e., Darwin’s finches and 
other land birds (Grant and Abbott 
1980). This tendency for members of 
the same genus to be less likely to 
occur on the same island applies not 
only to Geospiza but to the tree-finch 
genus Camarhynchus (Power 
1975), 

These nonrandom patterns of coex¬ 
istence, together with their observed 
morphological and inferred dietary 
correlates, provide evidence of dif¬ 
ferential colonization that comple¬ 
ments the evidence of character dis¬ 
placement. Thus I conclude that 
Darwin and Lack were right to invoke 
competition between species, even 
though their reasons were not entirely 
correct, Darwin assumed that colo- 
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Figure 8, Enhanced beak differences between 
sympatric pairs are evident in the beak-depth 
distributions of three species of ground finches 
on the large islands of Isabela and Santa Cruz 
as compared to the small islands of Daphne 
Major and Los Hermanos, The tendency of 
beak sizes of G. fortis and G. fuliginosa to 
converge in the intermediate range on the small 
islands may be the consequence of evolutionary 
changes resulting from the absence of com¬ 
petitor species, Studies of population processes 
are needed to determine why some populations 
exhibit a much broader range of variation in 
beak depth than others. No juveniles are in¬ 
cluded in the sample, (After Lack 1947). 
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s nization of islands was random (Sul- 
i loway, in press), but at most this is 
t only partly true. Comparable habitats 
f are not the same on different islands, 
o as assumed by Darwin and originally 
t by Lack (but see Lack 1969), so a 
i reconciliation with Bowman’s views 
r is now possible along the following 
lines, 

■ In the early stages of the radiation of 
i Darwin’s finches, adaptation to local 
r floras on different islands was the 
predominant process, I suggest that 
as more and more species were gen¬ 
erated in step four, competition be¬ 
came increasingly important, because 
in addition to competitive interaction 
at the secondary contact phase of 
each speciation (step three), there was 
an increasing likelihood of competi¬ 
tion in the allopatric phase (step 
two)—i,e,, colonists of one species 
arriving on an island were increas¬ 
ingly likely to encounter, and interact 
with, other species already present 
there. Thus variation of food supply 
from island to island and interspecific 
competition for food have jointly ex¬ 
erted a major influence on the course 
of the adaptive radiation. 

The search for a 
synthesis 

Lack’s interpretation of the evolution 
of Darwin’s finches laid much of the 
foundation for modern views on how 
interspecific competition has struc¬ 
tured guilds of species within com¬ 
munities. In the last few years com¬ 
petition has been the subject of lively 
debate, and Darwin’s finches are 
currently close to the eye of the storm. 
The issues of this debate are more 
methodological than conceptual, A 
number of authors have placed great 
stress on the use of null models, which 
assume no interaction among species 
arid can therefore be set in opposition 


However, the construction of the null 
models themselves has given rise to 
controversy. For example, the par¬ 
ticular random colonization models 
and procedures employed to generate 
ppected distributions of species on 
. islands Jiave been criticized on the 
grounds of inappropriate species 
pools and sampling procedures 
(Grant and Abbott 1980). The three 
■ most serious problems are the lack of 
i independence of expected and ob- 
i served distributions; the inclusion of 
> members of different guilds, which 
dilutes the results of any interaction 
within guilds to the point of disap¬ 
pearance; and the weighting of the 
number of species expected to occur 
together on islands by the actual 
frequencies of occurrence of the 
species, which tends to have the effect 
of factoring out the phenomenon of 
interest, i.e., mutually exclusive dis¬ 
tributions of species caused by in¬ 
teraction among them (Grant and 
Abbott 1980; Grant and Schluter, in 
press). Some researchers (Case, in 
press; Case and Sidell, uppubl.; Col¬ 
well and Winkler, in press) have ex¬ 
tended these criticisms by showing 
explicitly how the use of these par¬ 
ticular models cannot detect the ef¬ 
fects of competition even when com¬ 
petition is known to have occurred. 

Notwithstanding these differences of 
procedure and attitude and the 
varying relative importance assigned 
to random processes, there is general- 
agreement that interspecific compe¬ 
tition has played some role in the 
structuring of communities. The 
statistically demonstrated small 
number of species per genus on 
islands, the larger than expected 
correlation between the beak ratios of 
sympatric pairs of species, and the 
Under-representation of certain 
combinations of species on islands are 
all acknowledged by critics such as 
Simberloff (in press) to be consistent 
with the hypothesis of competition. In 
conjunction with the evidence dis¬ 
cussed earlier, this amounts to sup¬ 
port for the arguments about the role 
of competition in the allopatric 
model. 

Other aspects of the allopatric model 
need reappraising. For example, it is 


.. possible that two initial colonizations 
;.! and not just one occurred in step one. 
j Steadman (in press) suggests that 
T Volatinia jacarina is the closest 
| species to the ancestral stock, and 
1 that it has colonized Cocos Island and 
■ j the Galapagos on separate occasions 
1 and from different points of the 
; mainland. Conceivably, the Galapa 
Lgos Islands received two groups of 
| colonists at different times, and these 
I groups may have contributed differ- 
] ent branches to the evolutionary tree 
. ! depicted in Figure 3. There is a need 

J for further research into the affinities 
j of Darwin’s finches with Central and 
j South American species to solve the 
! enigma of the phylogenetic origin of 
l the finches. 

! Aside from these modifications, there 
• is also a major alternative to the al- 
- lopatric model of differentiation and 
repeated speciation. This is a sym¬ 
patric model, in which all the events, 

; not just the final ones, occur sympa- 
; trically. Lack dismissed sympatric 
speciation as an explanation for the 
. j diversification of Darwin’s finches on 
1 two grounds: there were no known 
cases of sympatric speciation in other 
bird species; and there is insufficient 
diversity of habitat to permit a sym¬ 
patric differentiation of a single 
population into two groups, each one 
' occupying a separate habitat. Some 
recent observations on Darwin’s 
finches force us to reconsider the 
:: sympatric mode as an alternative to 
the allopatric mode of speciation 
: (Grant and Grant 1979; see also Ford 
et al. 1973). Before discussing the 
details I will first summarize the main 
theoretical and empirical arguments 
about sympatric speciation. 

Sympatric speciation 

A more comprehensive and powerful 
; argument than Lack’s for the im- 
; probability of sympatric speciation in 
. general was made by Mayr (1963), 
who stressed the absence of a theo- 
;i retically plausible model. Since that 
| time Maynard Smith (1966) has pro- 
i posed such a model of sympatric 
[speciation, stipulating conditions 
under which speciation might be ex- 
i peeked to occur in the absence of 
( geographical barriers. These condi¬ 
tions are, however, stringent, requir¬ 
ing a genetic subdivision of the pop- 
' illation in a heterogeneous environ- 
j ment, with the genetic groups being 
| at a strong selective advantage in 
different niches, as well as the sepa¬ 


rate development of reproductive 
isolation. Several factors facilitate the 
splitting of a population into two re- 
productively isolated groups (i.e., 
species): strong habitat or niche se¬ 
lection by each genetic group, reduced 
gene flow between niches, and assor- 
tative mating—that is, nonrandom 
mating with a tendency of like to 
mate with like (Dickinson and An- 
tonovics 1973). Variations on this 
theme have been developed (see, e,g., 
Rosenzweig 1978), 

Bush (1975) has written that “sym¬ 
patric divergence seems... perhaps 
even the normal.,. mode of specia¬ 
tion in many groups” (p. 354), and 
Rosenzweig (1978) observes that “It 
is... easier to understand the phe¬ 
nomenon of adaptive radiation in 
terms of competitive [sympatric] 
speciation than in terms of other 
speciation mechanisms” (p, 286), 
Notwithstanding this enthusiasm, the 
conditions for completely sympatric 
speciation remain strict and the evi¬ 
dence from particular cases can be 
interpreted alternatively in terms of 
allopatric differentiation (Futuyma 
and Mayer 1980); hence skepticism 
about sympatric speciation prevails. 
Certainly the evidence for sympatric 
speciation is not overwhelming in any 
one case, and it remains to be shown 
that the appropriate conditions pre¬ 
vail in nature. The best chance of ac¬ 
complishing this lies in the study of 
species that appear to be in the pro¬ 
cess of splitting into two, which brings 
us back to Darwin's finches. 

Although the song repertoire of a 
finch population usually consists of 
two types of territorial song, individ¬ 
ual Geospiza males sing only one 
type. Thus G. cmimtris males on 
Isla Genovesa sing one of two songs, 
either a “fast” song or a “slow” one. In 
1978 we found that males that sang 
slow songs had significantly longer 
beaks than those that sang last songs. 
They fed in slightly different ways in 
the breeding season, and later in the 
year, in the dry season, when food 
supply is likely to set a limit to the 
size of the population (Smith et al, 
1978), their feeding niches differed 
strongly. The male segment of the 
population is thus subdivided into 
two groups, with different beak 
characteristics and different diets. 
Although we cannot say that the two 
song groups are also genetic groups, 
the significant difference in the fre¬ 
quency of beak color morphs in their 


nestlings is a possible indication of 
this. G. c onirustris nestlings have ei¬ 
ther yellow or pink beaks, and the 
percentage of nestlings with yellow 
bills is higher in the nests of slow- 
singing fathers than in the nests of 
fast-singing fathers. The variation of 
beak color may be under simple ge¬ 
netic control, and thus one of the 
conditions of Maynard Smith’s 
model—ecological and genetic sub¬ 
division of the population—could 
possibly be met. 

Is there any degree of reproductive 
isolation between the groups? Re¬ 
productive isolation would occur, 
wholly or in part, if sons sang their 
fathers’ song and daughters tended to 
mate preferentially with males that 
sang the same song as their fathers. 
There is indirect evidence that song 
may in fact provide a basis for assoc¬ 
iative mating in this population of G. 
conirostris (Grant and Grant 1979). 
In 1978 no two mated males singing 
the same song shared a territorial 
boundary, The sample size (N = 11 
boundaries) was such that chance 
could be ruled out as an explanation 
for this pattern of alternation. By 
contrast, unmated males showed no 
tendency to distribute themselves in 
this way, When the analysis of 
boundaries was repeated with the si¬ 
multaneous consideration of both 
mated and unmated males, no sig¬ 
nificant incidence of alternation was 
found. In other words, the alternating 
pattern appears to be the product of 
female choice based upon the male’s 
song and on his position with respect 
to mated neighbors. 

These findings raise many questions 
which only a long-term population 
study can answer. For example, what 
is the disadvantage to a female of 
pairing up with a male whose mated 
neighbor sings the same song? If as- 
sortative mating is governed by song 
type, does the process work in a pos- J 
itive or a negative way—that is, do I 
females mate with males that sing the .j 
same song as their fathers, or wiih 
males that sing the opposite song 
type? Do females first seel: a male of j 
a particular song type, and then, if 
they fail to find one, choose i male of j 
the opposite song type rather than %:■ 
forego breeding? Do males £ mg their. 
fathers’ song? To what extent are thgO 
two song groups reprocludively-^H 
laled? Is there a ge netic basis-fox ishgj 
beak-color polymorphism found 
the nestlings? A study of individualjj§| 







marked birds is essential to answer 
these questions, and is in fact un¬ 
derway. 

Already we know that the frequency 
of beak-color polymorphism in the 
two groups of nestlings is repeated 
from year to year, and that males sing 
the same song in successive years. But 
we also know that females do not 
mate strictly in accordance with song 
type, that the alternating pattern of 
territories is not maintained in every 
year, and that a small number of 
young males sing both song types. We 
therefore consider G. conirostris on 
Isla Genovesa to be a single species 
that has the potential of splitting into 
two, but a long-term study is needed 
to ; reveal how close to realization such 
a possibility might be. 

We cannot rule out the possibility 
that G, conirostris is in step three of 
the allopatric model. If fossils of close 
relatives are ever found they might 
provide strong evidence that differ¬ 
entiation occurred initially in allo- 
patry. But at present there is no ob¬ 
vious population of either song type 
on another island that might have 
recently contributed immigrants to 
Isla Genovesa. In fact, the most sim¬ 
ilar population elsewhere— G. scan- 
dens on Isla Marchena--is not con- 
specific, although Lack (1945) 
thought it was possibly related to G, 
conirostris on Isla Genovesa by virtue 
of its morphological similarity. But 
the G. scandens population on Isla 
Marchena is not more similar to one 
song type of G, conirostris than to the 
other, and in fact its beak proportions 
and song more closely resemble those 
of G. scandens on other islands than 
those of G. conirostris. 

There is therefore no evidence that G. 
conirostris on Isla Genovesa repre¬ 
sents a secondary contact of previ¬ 
ously allopatric populations. In con¬ 
trast to this situation, the morpho¬ 
logically variable population of G, 
fortis on Isla Santa Cruz, for which 
Ford and his coworkers (1973) in¬ 
voked a sympatric speciation argu¬ 
ment, may represent secondary con¬ 
tact of partly differentiated resident 
and immigrant forms (Grant et al. 
1976). 

If G. conirostris is in the slow process 
of differentiating sympatrically, for 
reasons that are not yet clear, we must 
acknowledge the possibility that 
sympatric speciation occurred else¬ 


where in the archipelago and thus 
contributed to the adaptive differ¬ 
entiation of the finches. We will never 
know its relative contribution with 
certainty, but I think it may be a 
small positive number rather than 
zero. 

Population biology and 
the future 

The crucial events in the speciation 
process are the twin developments of 
ecological and reproductive isolation 
between populations. However, as¬ 
sessing how this twofold process oc¬ 
curs is fraught with difficulty. There 
are limits to the extent to which past 
evolutionary processes can be in¬ 
ferred from present morphological, 
ecological, and genetic characteristics. 
The most that an evolutionary biol¬ 
ogist can do is to combine all available 
clues, including those provided by 
fossils, with , a study of current pro¬ 
cesses, postulate the most likely 
course of past events given this in¬ 
formation, and then test the postulate 
with new data whenever possible. For 
organisms that—like Darwin’s 
finches—do not lend themselves to 
laboratory investigation and detailed 
genetic analysis, this means applying 
the techniques of population biology 
to the study of phenotypic varia¬ 
tion. 

Populations of Darwin’s finches are 
distributed over many islands, and 
levels of variation in continuously 
varying morphological traits such as 
beak size differ among populations, 
both among and within species. 
Studies of population processes can 
help us to understand both why 
populations vary as much as they do 
and why the degree to which they 
vary differs. Answers to these ques¬ 
tions should provide the basis of a 
fuller theory of speciation—that is, 
the key to the transformation of in¬ 
traspecific variation into interspecific 
variation. 

The environmental factor that dom¬ 
inates current population processes 
in Darwin’s finches is the rainfall, 
Which varies considerably and un- 
predictably from year to year (Grant 
and Boag 1980). In very wet years the 
amount of seeds, fruits, and arthro¬ 
pods produced is sufficient to sustain 
finch breeding for five months or 
more (Grant and Grant 1980). In very 
dry years there is almost no produc¬ 
tion of these foods, finches do not 


breed, and their populations decline. 

Under these conditions of stress, the 
heritable variation that exists in beak 
size and body size is subject to natural 
selection. G. fortis, which consumes 
a varied diet, experienced directional 
selection in the drought of 1977 on 
Daphne Major (Boag and Grant 
1981)—that is, large birds survived 
better than small birds. This occurred 
as the abundance of food declined, 
and for an identifiable reason: the 
supply of small seeds was depleted 
faster than the supply of large seeds, 
and because only large-beaked birds 
can crack large seeds, they survived 
better than small-beaked birds. At 
the same time G. scandens, which has 
a more specialized diet, experienced 
stabilizing selection (Grant and Price, 
in press); birds of intermediate size 
survived better than the smallest and 
largest birds. During this time the 
similarity of the feeding niches of the 
two species diminished as the overall 
abundance of food declined. Since 
competition theory predicts this 
outcome, it is possible that competi¬ 
tion for food contributed in some 
small measure to the shifts in the two 
species (Grant, in press). 

Our current conception of selection is 
that it oscillates in time, perhaps in¬ 
termittently (Grant et al. 1976; Grant 
and Price, in press), giving rise to 
small shifts in the frequency distri¬ 
butions of phenotypes manifested 
either as expansion or contraction 
around a fixed mean position or as 
movement back and forth along an 
axis such as beak depth. This is a 
starting point for assessing how in¬ 
traspecific variation is transformed 
into interspecific variation. Wright’s 
shifting balance theory of evolution 
(1980), which stresses the interplay of 
systematic and random factors gov¬ 
erning gene frequencies in structured 
populations, identifies other pro¬ 
cesses of population genetics that 
need to be considered: immigration, 
interdemic selection, or differential 
survival of separate populations of 
the same species, and drift. 

We know little about these—nothing, 
in fact, about mutation, and about 
drift only a suspicion of its presence 
arising from extreme reductions in 
the effective population size of G. 
fortis and G. scandens, Immigration 
is now known to occur, at very low 
frequency, as is hybridization, but we 
do not yet know the between-gener- 


; ation consequences of hybridization, 
j or whether there is local subdivision 
; within island populations, assortative 
] mating, or inbreeding (Grant and 
j Price, in press). Studies in progress 
f are attempting to provide answers to 
I these questions. They are also de- 
] signed to reveal the basis of both mate 
A selection and species recognition and 
the probable origin of reproductive 
j isolation. 

| By fitting together the answers to the 
1 questions of where, how, and why 
1 evolutionary changes took place in 
] populations of Darwin’s finches, we 
i hope to provide a better under- 
I standing of evolutionary diversifica- 
tion and adaptive radiation in many 
i other groups or organisms that are 
; less suitable or less accessible for 
study. 
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more than one category, and the ed¬ 
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interdisciplinary titles. 


The Population Ecology of 
Cycles in Small Mammals 

Mathematical Theory and Biological 
Pact, James Patrick Finerty. 234 pp. 
Yale University Press, 1980. $18.50, 
Population cycles in small mammals 
have remained an enigma to ecologists 
since they wereiirst described with sci¬ 
entific rigor by Charles Elton in 1924. 


The Scientists’ Bookshelf 


erature has been inundated with de¬ 
scriptive studies of cycles in different 
species, and a multitude of factors have 
been suggested as the cause for these pe¬ 
riodic fluctuations in density. Thus, any 
attempt to assess the current state of the 
art is a courageous endeavor. 

; Not only is Finerty’s book on popula¬ 
tion cycles timely, it also represents 
scholarship at its best. The author takes 
a novel approach to the problem by trying 


and mathematical theory, After a brief 
historical introduction, he puts most of his 
effort into examining two pertinent 
questions: Do cycles exist, and what are 


time-series analysis, a heretofore un¬ 
derutilized statistical tool in the literature 
ol biological cycles, to answer the first 
question. Relying primarily on fur returns 
from the Hudson Bay Company as a data 
base, he proceeds to codify species into 
noncycling and 4-year or 10-year cycling 
categories. A section is devoted to each 
species, replete with drawings of the ani¬ 
mals, distribution maps, natural history, 
and autocorrelograms and autospectra of 
density changes. On the basis of the sta¬ 
tistical analysis, he finds cycles in 14 


1 -- Huwwauiauuii euiu sytjChrai 

, analyses require long-term data, however, 
and Finerty does not discuss the sensi¬ 
tivity of time-series analysis for data col¬ 
lected over the shorter time periods that 
are generally involved in field studies. 
This is a serious omission because it leaves 
the usefulness of the approach open to 
question. 

; Finerty reviews with a critical eye the 
hypotheses that have been proposed to 
explain cycles. He concludes that al¬ 
though adverse weather, predation, food 
shortage, and stress are all sufficient to 
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In Scandinavian stories, lemmings were described as falling from the sky every four years and 
either causing pestilence or being eaten by ermines. The first known depiction of these events 
mn a 16th-century work by Olaus Magnus, Archbishop of Uppsala, ( The Population Ecology 
of Cycles tn Small Mammals, p, 9.) 


cause declines in population density, 
these factors are not necessary for popu¬ 
lation cycles to occur. Several intrinsic 
models of population regulation, includ¬ 
ing Chitty’s genetic-behavioral polymor¬ 
phism hypothesis, the Tamarin-Lidicker 
dispersal sink concept, the Hamilton- 
Charnov kin selection hypothesis, and 
Smith’s heterozygosity hypothesis are 
examined in the light of available data. 


measure all the terms for interaction in 
the system. Second, the model will require 
terms for negative feedback in the form of 
density-dependent self-inhibition for 
herbivores, plants, and carnivorous 
predators. If we do not understand the 


, .-- - OJlil/UCl/K, 

m that he shows how they are interrelated 
and in some cases lead to similar predic¬ 
tions. 

In the final chapter, Finerty speculates 
about what kinds of approaches to the 
problem of cycles may be fruitful in the 
future. He takes a holistic view and em- 


in the context of a complex network of 
interacting variables. He offers loop 
analysis as a technique to determine 
which variables must be included in a 
community matrix to produce stable os¬ 
cillatory behavior. Although loop analysis 
may provide a positive heuristic model in 


as predation, nutrient availability, and 
weather affect the stability of the system, 
I have my doubts about its applicability 
in the real world, First, it is impossible to 


we are no closer to understanding the 
causes for cycles. 

This book will be informative to both 
theoreticians and field ecologists. The 
former will gain some appreciation of the 
difficulties in measuring parameters in 
their models from field populations, 
whereas the latter will obtain some di¬ 
rection by at least attempting to test some 
of the predictions generated from these 
models in the field.— Michael S. Gaines, 
Biology, University of Kansas 


Prehistory of the Eastern 
Sahara 

Fred Wendorf and Romuald Schild. 
Studies in Archaeology. 414 pp. Aca¬ 
demic Press, 1980. $65. 

It requires a major expedition and 
much skillful planning to make possible 
a long sojourn in the Western Desert of 


Egypt, where the authors have been di¬ 
recting since 1972 a multidisciplinary 
team of investigators recovering the rec¬ 
ord of human occupation of what is now 
one of the harshest regions of the world 
for man and beast to inhabit. That it was 
not always so can be learned from the new 
volume setting out the results of the 
highly successful collaborative research 
hy the combined prehistoric expedition 
led by Fred Wendorf and Romuald 

! Schild, an international group of spe¬ 
cialists sponsored by Southern Methodist 
University, the Polish Academy of Sci¬ 
ences, and the Geological Survey of 
! Egypt. 

| This volume comprises the final reports 
j on a number of highly significant sites and 
1 associated cultural remains in several 
1 widely separated localities in the desert, 
| each described within its geological and 
| paleoecological context. The localities 
j studied are the oases of Dakhla and 
! Kharga and the depressions, mostly 
j without water, of Bir Sahara, Bir Tarfawi, 

;■ and Nabta Playa in the south. The results 
; of these investigations are set out in eight 
1 chapters, with specialists’ reports on the 
i sedimentology, fauna, flora, and ceramics, 

; among other things, in ten appendixes. 

•; It is a matter for amazement that, 

{ under difficult conditions, it was possible 
; to achieve so much in the time available, 
j The paleoecological evidence shows that 
; the Sahara was not always the unwel- 
; coming desert that it is today but that, on 
, at least three main occasions in the past, 

I it must have been, if not exactly a highly 
j favorable habitat for foragers and food 
! producers, at least one in which the 
| adapted populations were able to develop 
; very successful patterns of socioeconomic 
j behavior that may, at times, have signif- 
| ieantly affected the course of events in the 
: valley of the Nile. 

: Human occupation, beginning with the 
j late Acheulian occupation of spring areas 
j in the oases, was interrupted at least three 
:1 times by periods of hyperaridity which 
| appear to have forced abandonment of 
1 the desert hy man and the large mam- 
> malian fauna. The oases and depressions 
]. were reoccupied in Mousterian and At- 
j crian times and again during the post- 
j Pleistocene period of climatic ameliora- 
1 turn that made possible the reoccupation 
, of the Sahara after 10,000 B.c, and led on 
1 to the establishment there of small set- 
r dements of food producers by 6000 B.c. at 
! Nabta where, besides an ovicaprid and 
;J poasibly domestic Bos, were found grains 

I ' of domestic barley and emmer wheat. 
These are extremely significant finds and 
are not greatly later in date than the ear¬ 
liest evidence for domestic plants in 
\ southwest Asia, 

Even more significant is the finding in 
1978 of barley grains and an inflorescence 
of einkom wheat at Wadi Kubbamya on 
the Nile near Abu Simbel in a latfe Upper 
Paleolithic context and dating to ca. 
16,000 B.C. A preliminary report on these 
finds is given, since they have a bearing on 


the interpretation of the evidence relating 
to the origins of food production in the 
whole of northeast Africa. In Chapter 8, 
the principal authors set out their view on 
the beginnings of domestication and their 
interpretation of these new discoveries in 
a thought-provoking essay that shows the 
unquestionably long use of ground grain 
in this part of the continent during the 
late Pleistocene and the possibility that 
the oases of the eastern Sahara saw the 
first successful experiments in domesti¬ 
cation in northeast Africa, which spread 
only later to the valley of Nile itself. 

This volume is a fully definitive account 
of the excavated assemblages in their 
context, and ills excellently produced and 
illustrated. One small word of criticism: 
the captions of the text figures identify 
the section, plan, and illustrated artifacts 
by site number only—e.g., BS-13; E-77-4, 
Whereas the industrial ascription was 
clear as I read the chapter. I found it im¬ 
possible to remember which site was 
which on subsequent occasions when I 
wanted to refer quickly to assemblages or 
sites in the volume. In fact, it is quite in¬ 
furiating to have to spend unnecessary 
time in this way, when the addition to the 

caption of a simple description.e.g., 

Aterian site (B7-14), Bir Tarfawi—would 
greatly simplify reference. This is a minor 
point, however, and the work is one that 
will long remain a standard publication on 
late Quaternary occupation of the desert. 
The book will be of value to everyone in¬ 
terested in the paleoecology of arid lands 
as well as to all prehistorians working in 
northern Africa, especially those con¬ 
cerned with the origins of Egyptian civi¬ 
lization.—!/. Desmond Clark , Anthro¬ 
pology, Urn. of California, Berkeley 


The Origins of Cauchy’s 
Rigorous Calculus 

Judith V. Grabiner. 252 pp. MIT Press, 

1981 . $ 25 . 

Mathematicians first; devised a rigorous 
foundation for the calculus in the 19th 
century, Augustin Cauchy and Karl 
Weierstrass were central figures in that 
development, or revolution, in the inter¬ 
pretation of Grabiner. In this admirable 
little book, she delineates Cauchy's pre¬ 
cise contributions. Most of the results are 
not new. Mathematicians generally know 
the outlines of his achievement: Cauchy 
introduced rigorous definitions of limit 
(the basis for all his mathematical analy¬ 
sis), convergence, continuity, and deriv¬ 
ative; he established general theories of 
convergence and of the integral. In recent 
years, however, Robinson and Grattan* 
Guinness have questioned the magnitude 
of his achievement. Did he not, lor ex¬ 
ample, lack a proof for sufficiency of the 
Cauchy criterion? In a well-founded ac¬ 
count, Grabiner argues convincingly that 
his work brought about an impressive and 
innovative transformation in mathemat¬ 
ical thinking. 


Her account consists of three compo¬ 
nents. As the core component, Grabiner 
carefully examines his Cours d'analyse 
(1821) and Calcul infinitesimal (1822). 
She not only displays a mastery of tech¬ 
nical materials but also skillfully works 
through a thicket of terminology whose 
usage was dated even in Cauchy’s time 
but was deliberately used by him to effect 
his changes, To put Cauchy’s work into a 
fuller historical context, the author briefly 
assesses the role of teaching in the emer¬ 
gence of sophisticated rigor and investi¬ 
gates the 18th- and early 19th-century 
origins for his thought. The algebra of 
inequalities is crucial throughout her 
discussion. 

Grabiner's examination of 19th-century 
foundations and algebra uncovers new 
information and gives new emphases, She 
documents, for example, that Bishop 
Berkeley and d’Alembert had rejected the 
Newtonian concept of motion as a basis 
for limit before Lagrange made that po¬ 
sition untenable. Cauchy’s abandonment 
of kinematic expressions and the notion 
of a “metaphysics of the calculus” solely 
for a language of algebraic inequalities 
proved crucial to building satisfactory 
foundations, The survey of origins ex¬ 
pands what is known of Euler’s influence 
on Cauchy, brings out the importance of 
the Berlin Academy Memoires during the 
time of Frederick the Great, and portrays 
Lagrange’s Functions antdyliques (1797) 
as the first major work on the calculus to 
seek rigor rather than new results. Lag- 


on Cauchy in matters of concept, nota¬ 
tion, and language. 

The discussion of early 19th-century 
points of departure for Cauchy covers 
Lacroix’s three-volume Truitt, Poisson’s 
ideas on the. definite integral, and Am¬ 
pere’s work on the derivative. Cauchy 
does not appear to have depended on 
Bolzano’s Rein analytischer Beweis 
(1817), which first stated the Cauchy 
criterion, however. Euler’s and Lacroix’s 
views tin functions and divergence of se¬ 
ries are more likely sources. Carl Becker’s 
“climate of opinion” thesis, used else¬ 
where, and the notion of nearly simulta¬ 
neous discoveries might have been ex¬ 
plored here. Henri Lebesgue believed that 
increasing the teaching role of major 
mathematicians helped engender the new 
rigor. This thesis alone seems insufficient, 

A broader study of the mathematical 
sciences of two eminent, new educational 

institutions.the ficole Poly technique 

and the University of Berlin-should 
prove enlightening. 

The book establishes Cauchy’s origi¬ 
nality with certain concepts and demon¬ 
strates that his proofs were more rigorous 
than those of his predecessors. He devised 
and proved many tests for convergence of 
series, He especially relied on the root test; 
and gave an elegant proof of the ratio test? 
Improving on Lagrange, he based th|; 
derivative on ft delta-epsilon equality 
found the generalized mean-value 
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rem, Cauchy also proved the existence of 
the definite integral and first precisely 
defined it as a unique limit of sums 
(rather than as an antiderivative), 

My chief criticism stems from two basic 
assumptions that underpin the book, Its 
characterization of the 18th century as 
one of application of the calculus and the 
19th as one of justification, while gener¬ 
ally helpful, needs further refinement to 
account for shifts in thinking and dif¬ 
ficulties arising from new problems 
studied in the half-century before Cau¬ 
chy’s two great texts. As presented, it 
strengthens the argument that the new 
rigor amounted to a revolution. In my 
estimation, recent historians tend to ov¬ 
eruse the term "revolution” and often 
cloud how ideas or social changes devel¬ 
oped, Although Grabiner’s well-written 
presentation with its thorough bibliog¬ 
raphy cannot be so faulted, one may want 
to consider an Annalist approach reveal¬ 
ing evolution over a long period, culmi¬ 
nating in Cauchy’s "nonsmooth” breaks 
with the past. These criticisms notwith¬ 
standing, her book is indispensable for the 
serious student of the internal history of 
the calculus .—Ronald Calinger, History, 
Rensselaer Polytechnic Institute 

Are We Alone? 

The Possibility of Extraterrestrial Civi¬ 
lizations. Robert T. Rood and James S. 
Trefil. 262 pp. Charles Scribner’s Sons, 
1981. $14.95. 

After two decades of widespread en¬ 
thusiasm for the view that technological 
civilizations abound within the Milky 
Way Galaxy, this book is perhaps the 
most thorough rebuttal to appear so far. 
Trefil, a physicist at the University of 
Virginia, argues that ours is probably the 
only planet within the galaxy inhabited by 
intelligent creatures. Rood, an astronomer 
at the same university, is more optimistic. 
He suggests that other civilizations, hav¬ 
ing colonized much of the galaxy, may not 
wish to make their presence known. 

The book makes much of the argument 
that, because of Malthusian population 
pressures, a civilization like ours is des¬ 
tined to colonize nearby space. Since we 
see no evidence of such colonization, the 
authors say, other inhabited worlds 
probably do not exist. The Malthusian 
argument is weakened by the current 
trend toward decline in population in the 
more advanced countries, notably in Eu¬ 
rope. Furthermore, early speculation on 
this subject discounted interstellar travel 
because of the energy requirements. The 
authors discuss propulsion by such exotic 
sources of energy as annihilation reactions 
between positive and negative magnetic 
monopoles (whose existence has yet to be 
demonstrated), 

Their most powerful arguments relate 
to the conditions that, according to their 
assumptions, make the earth very "spe¬ 
cial”—so much so that other planets like 
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it would be extremely rare. They empha¬ 
size critical phases in evolution of the 
earth and its inhabitants, proposing that 
in each case, had' things gone a little dif¬ 
ferently, we would not be here. 

Although they conclude that within this 
galaxy intelligent life is rare—perhaps 
nonexistent except on earth—they do not 
rule out its presence among the billions of 
other galaxies. The authors end with an 
appeal for space colonization to ensure 
that life does eventually spread through 
the Milky Way. 

The book is aimed at a popular audi¬ 
ence; its value for those seriously inter¬ 
ested in the subject is limited by a lack of 
references. Although flawed with a few 
errors so obvious they must have been due 
to hasty editing, the book is a welcome 
antidote to unbridled expression of the 
opposite view. It leaves one wondering 
where the truth lies —Walter Sullivan, 
Science Editor, The New York Times 

2081 

A Hopeful View of the Human Future. 
Gerard K, O’Neill, 234 pp, Simon and 
Schuster, 1981. $13.95, 

As one who has never been convinced 
of the feasibility of space colonization. I 
was eager to see if O’Neill’s new book 
would overcome what some claim is my 
planet-bound myopia, What I found, 
however, is that 2081 is largely a science 
fiction novel, and not a terribly convincing 
one at that. 

O’Neill assumes not only that, within 
a hundred years, space colonies will prove 
viable, but that our solar system will be 
replete with literally thousands of these 
gigantic contraptions with much of the 
human race bottled up inside. He com¬ 
pletely avoids the strongest objection to 
the concept of space colonization—vul¬ 
nerability—partly by postulating that 
warfare among colonies will simply be 
unprofitable and partly by ignoring the 
very real possibility of rebellion from 
within, either of which could trigger a li¬ 
teral population explosion, or at least a 
rapid evacuation of the populace. 

Actually, the book 2081 is concerned 
less with space colonies than with O’¬ 
Neill’s vision of Earth a century from now. 
Extrapolating technological change, he 
speculates about the high-tech advance¬ 
ments likely to affect the life and times of 
our great-grandchildren, With video 
screens everywhere substituting idealism 
for reality, computers constantly moni¬ 
toring our whereabouts, and household 
robots running amuck, O’Neill’s vision of 
an idyllic, utopian lifestyle borders on my 
vision of Big Brother. I dare say that, if 
0 Neill is right, the technologically timi d 
are destined for a cultural shock the likes 
of which they’ve never imagined, 

O’Neill justifies much of his outlook by 
arguing that past prophets tended to 
overestimate social change while under¬ 
estimating technological change, Re¬ 


viewing works by Wells, Verne, Orwell, 
and others, O’Neill maintains that these 
visionaries failed to appreciate the rates 
and forces of technological change. How¬ 
ever, he conveniently ignores many 
counterexamples, such as our failure to 
achieve the much-predicted controlled 
fusion or to realize those Dick Tracy video 
watches that almost everyone thought 
would be with us by now. More important, 
O’Neill does not admit to the huge social 
changes needed to support his version of 
life in the year 2081. 

For example, he justifies the construc¬ 
tion of space colonies via private dona¬ 
tions, even though today’s public is largely 
apathetic toward all but the most novel 
space spectaculars. He envisions only 
peace among the space colonies, even 
while admitting that limited nuclear war 
is likely to rage continuously in various 
places on Earth. But how could we guar¬ 
antee the absence of explosives in the 
extremely vulnerable space colonies? By 
banning the practice of chemistry? By 
banning books? The ghost of Huxley 
looms large here. O’Neill furthermore sees 
a virtual lack of crime both in the space 
colonies and within the domed cities that 
dot his future Earth (Honolulu in Penn¬ 
sylvania, Salzburg under glass, but why?). 

I just can’t buy it, given the violent crime 
and personal weaponry that currently 
plague areas of high population density. 
O’Neill offers few specifics as to how he 
would achieve the significant social 
changes needed to . minimize human 
aggression and to gain acceptance for an 
ever-increasing depersonalization of our 
world. 

What amazes me most is O’Neill’s 
penchant for putting people in bottles. He 
envisions most humans of 2081. enclosed 
in artificial biospheres, engulfed by smart 
gadgets and Pollyannaish lifestyles, but 
ones that clearly regulate attitudes and 
environments a great deal more than he 
confesses. To me, both spacebound colo¬ 
nial nations and earthbound enclosed 
cities represent nothing short of socilogi- 
cal nightmares. 

Who will benefit from this book? 
Doubtless, the L-5 society will embrace it 
as gospel, as will those people who prefer 
optimistic mirages to sober thought, But 
for critically thinking individuals who 
characteristically view issues without 
rose-colored glasses, the world of a cen¬ 
tury hence is likely to differ considerably 
from the one here sketched by O’Neill. 
Hope is simply no replacement for real¬ 
ity,— Eric J, Chaisson , Astrophysics, 
Harvard University 


Baboon Mother and 
Infants 

Jeanne Altmann. 242 pp. Harvard Uni¬ 
versity Press, 1980. $18.50. 

The data for this book, the most sig¬ 
nificant contribution to the under¬ 
standing of primate behavior to date, were 


I collected during nine years of field re¬ 
search in Kenya, but longitudinal data 
alone could not have assured the level of 
distinction achieved. The author’s ability 
to write interestingly and clearly and to 
perceive hidden but critical relationships 
among behavioral, ecological, and physi- 
i ological variables is matched in excellence 
j only by her ability to tease them apart, 
using quantitative methods. Even those 
: unfamiliar or uncomfortable with quan- 
i ti tative approaches will be both educated 
) and impressed. Altmann’s purpose is to 
j explore the biological and ecological 
stresses that mothers face by giving birth 
to, feeding, transporting, and protecting 
; relatively slow-maturing and energetically 
' costly infants. Up to now, nobody has 
| provided the kind of quantitative field 
| evidence required to propose tentative 
I hut solid answers to these issues. 

After introducing the reader to the 
1 history of baboon studies in general and 
; to the ecology of yellow baboons in par- 
1 ticular, Altmann presents her research 
design. Subsequent chapters provide 
important and new findings, docu- 
i menting, for example, the fact that fe> 

.j males incur substantially higher mortality 
1 risks by reproducing and that infant 
j mortality is quite substantial in the first 
i two years of life. Contrary to the findings 
j on macaques and some other baboon 
;; species, infants of low-ranking mothers 
had slightly higher survival rates. Sur- 
: pri singly, Altmann reports that higher- 
. ranking females give birth primarily to 
Female offspring, while lower-ranking 
j mothers tend to give birth to male off-, 
j spring. Perhaps this finding is simply 
■| chance, but then again it may indicate 
: j that selection is at work favoring male 
f offspring among lower status females so 
1 that maternal genes may be spread across 
j greater geographic areas; if males migrate, 

| which is the usual case, they can escape 
j the limitations imposed by a low-status 
J mother. 

| The study of ecology and maternal time 

j budgets demonstrates how the mother 
I accommodates her infant’s needs in the 
> early months by being more sedentary in 
; general and while it feeds in particular, By 
j the fourth month, the mother’s feeding 
i behavior is comparable to that of non- 
\ mothers, so that infants must accommo- 
I date themselves to their mothers’ activi- 
; ties and not vice versa. They must learn 
j when to attempt to nurse, for example. 

J - - - Seasonal variation in rainfall and other 
I fluctuations in resources affect mothers 
in critical ways, since their infants must 
be supported nutritionally, as well as 
carried, throughout all seasons, irrespecr 
$ tive of availability of food. Fortunately, 
I when the social stresses faced by mothers 
I are the greatest, ecological pressures are 
I less stringent, though they are never ab- 
I sent. In one of the last chapters, Altmann 
I points out that as one set of pressures is 
I being reduced—for example, the social 
| ones such as protecting infants from kid- 
1 napping and handling—ecological pres¬ 


sures are usually on the increase, For 
high-ranking mothers stress is maximum 
when the infants reach about five months 
of age, while for low-ranking mothers the 
general stress level probably peaks earlier, 
owing to increased fear for the safety of 
their infants. 

Other aspects of the study include the 
effect of rank, of restrictive and permis¬ 
sive maternal behavior, and the role of 
adult males, possibly fathers. Altmann’s 
book is indeed a landmark, to be read by 
investigators in the fields of psychology, 
anthropology, and any other studies 
dealing with human evolution and de¬ 
velopment, It is a classic example of how 
important field studies of primates can be 
to behavior models which deal as much 
with the past as they do with the 
present.—James J, McKenna, Anthro¬ 
pology and Sociology, Pomona College 


Physical Sciences 


Rainbows, Halos, and Glories. Robert 
Greenler, 195 pp. Cambridge Univer¬ 
sity Press, 1980, $24,95, 

Have you every wondered about the 
circular "glory” surrounding your air¬ 
plane's shadow as you watched it 
skimming along a cloud layer far below? 

Or about the color sequence in a secon¬ 
dary rainbow? Or about sub-suns, or sun 
dogs? If such phenomena tickle your 
fancy, then this is the book for you, They 
have clearly provided lifelong delight to 
the author, who has studied them in the 
Antarctic as well as at home and has 
constructed computer simulations of the 
more complex ones. Blessed with the 
missionary zeal of a born teacher, he has 
been moved to share his enthusiasm with 
the rest of us by collecting his experience 
and insight into this slim volume of at¬ 
mospheric lore. 

The interaction of sunlight with various 
components of the earth’s atmosphere (air 
molecules, water droplets, ice crystals) can 
produce an amazing variety of impressive 
and often very beautiful optical effects, of 
which rainbows and halos are merely the 
most common. Greenler, believing—no 
doubt correctly—that most of us are too 
unobservant or preoccupied to have no¬ 
ticed many of the others, has made the 
core of bis book a stunning collection of 
color photographs of all the phenomena 
discussed in the text, a true piece de re- 
sistance, in order to convince us that they 
really are there to be seen, 

As a professional educator, Greenler 
has an extensive repertoire of analogies, 
diagrams, and simple explanations, which 
he uses in a skillful and friendly manner 
to make the basic phenomena clear to 
anyone with a high school education, 
True, there is a chapter or two of complex 
discussion of fairly esoteric effects that 
most of us will never see without a trip to 
the polar regions, but their eccentricity is 


cheerfully acknowledged, and the reader . 
finding them beyond his depth can easily 
skip on to the more common phenomena, 
such as the corona, the glory, and the mi¬ 
rage. The menu, in other words, caters to 
all tastes, and the individual dishes, 
temptingly done to a turn, are there to be 
tasted lightly by the passerby or savored 
at length by the afficionado— Kirk IF. 
McVoy, Physics, University of Wis¬ 
consin 

Cosmology: The Science of the Universe. 
Edward R. Harrison. 430 pp. Cam¬ 
bridge University Press, 1981. $24.95. 

This is a textbook for nonscientists who 
want the illusion of a “deep” science-for- 
poets course. An unusually large number 
of topics in elementary astronomy and 
cosmology are covered; the book is not 
short on descriptive science. The author 
reserves his special enthusiasm, however, 
(and too much of the book) for topics that 
are primarily philosophical, epistemo¬ 
logical, or historical (dominantly pre-20th 
century). This emphasis makes me ner¬ 
vous. Yes, it is nice to be that gentle god 
in a tweed jacket, leading a small seminar 
of totally engaged, dewy-eyed under¬ 
graduates in earnest discussion, But is 
that science education? 

The author is himself a respected re¬ 
searcher in cosmology. However, I think 
that many other practicing cosmologists 
will consider the tone of this book essen¬ 
tially false to their field. We do not spend 
our time pondering the distinction be¬ 
tween the Atomist, Aristotelian, and Stoic 
views on the edge of the universe, We do 
think about the geometric nature of 
space-time, but as an arena where physics 
takes place, not as a philosopher’s Ding an 
sick We can be made uncomfortable by 
a textbook containing as adjacent figures, 

“a wave of vividity advancing into the 
future” and "diagrams illustrating the 
Hausdorff axioms of space,” 

As alternatives to this text, one might 
wish to consider, for example, Silk’s The 
Big Bang and Hoyle and Narlikar’s The 
Physics-Astonomy Frontier, both new. 

All three of these books start with the 
same scientific raw ingredients. It is a 
question, then, of whether popularized 
cosmology should be dished up lightly 
poached, easy over, or (in the present 
case) as scrambled epistemological 
eggs .-William H. Press, Astronomy and 
Physics, Harvard University 

Emerging Cosmology. Bernard Lovell. 

Convergence, 1, 208 pp. Columbia 

University Press, 1981. $13,95. 

The evolution of cosmological ideas is 

certainly one of the most intriguing and 
interesting aspects of human intellectual 
history. Since the dawn of civilization, 
men have pondered the nature of celestial 
objects and phenomena and our position 
in the universe. Much of our religious and 
philosophical thought is tied to our cos-. 
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mological outlook, and the struggle be¬ 
tween ideology and scientific fact has been 
most vivid in the arena of cosmological 
thought. Sir Bernard’s book depicts these 
evolutions and revolutions in a penetrat¬ 
ing but lively manner, as an ever-unfold¬ 
ing human drama, His emphasis on 
human, philosophical, and theological 
aspects distinguishes this little book from 
other similar attempts. It makes very 
enjoyable and informative reading, even 
for those who are uninitiated in science or 
astronomy. 

Much of the book is devoted to the 
struggle between geocentric and helio¬ 
centric ideas and the ultimate triumph of 
the latter. The revealing accounts of Co¬ 
pernicus, Tyche, Kepler, Galileo, Newton, 
and Herschel give insight not only into 
scientific developments, but also into the 
subtle human factors that often shaped 
history. For example, the role of the 
Protestants in the suppression of the he¬ 
liocentric viewpoint is rarely mentioned 
in the literature. 

For courses in introductory cosmology 
or history of science for liberal arts stu¬ 
dents, this book will make good supple¬ 
mentary reading, However, the chapters 
on modern developments since Hubble 
and Einstein are sketchy and will need to 
be supplemented with more illustrative 
literature. As for the final discussions on 
Mach’s principle and coincidences of large 
numbers, the inexperienced reader might 
as well avoid them, since they are rela¬ 
tively obscure and debatable issues at 
present -Edison P. Liang, Physics, 
Lawrence Livermore National Labora¬ 
tory and Stanford University 

Many-Particle Physics. Gerald D. 

Mahan. Physics of Solids and Liquids. 

1003 pp. Plenum Press, 1981. $85. 

i The theory of interacting nonrela- 
tivistic many-particle systems has per¬ 
manently altered modern physics. The 
present book considers applications to 
condensed matter, especially the solid 
state, and quantum fluids, with emphasis 
on Green’s functions and related tech¬ 
niques from quantum field theory. It aims 
to provide “a comprehensive advanced 
textbook on solid state theory” suitable 
for third- or fourth-year graduate stu¬ 
dents. Each chapter effectively provides 
a complete review article that summarizes 
the important material and introduces the 
reader to the relevant literature, A par¬ 
ticularly successful example is the de¬ 
scription of impurity scattering in metals, 
which, to my knowledge, has not previ¬ 
ously been handled so carefully in a 
graduate text. On the other hand, the 
treatments are not elementary, and their 
length may deter students who want an 
introduction only, rather than a full 
analysis, 

In comparison with other textbooks on 
many-particle physics, this work is natu¬ 
rally more up-to-date than those pub¬ 
lished a decade or so ago, especially in its 
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treatment of solid state topics such as 
polarons and the one-dimensional elec¬ 
tron gas. Some readers may find that it 
concentrates too heavily on theoretical 
formalism, however, ignoring the phe¬ 
nomenological description that underlies 
the basic physical behavior. This em¬ 
phasis is especially evident in the treat¬ 
ment of low-temperature phenomena, 
where, for example, the two-fluid model 
of He-II and the London and Ginzburg- 
Landau descriptions of superconductors 
appear only briefly, if at all. For an alter¬ 
native approach, readers might want to 
consult other graduate textbooks, for ex¬ 
ample, Statistical Physics, Part 2, by 
Lifshitz and Pitaevskii. Nevertheless, I 
found Many-Particle Physics both in¬ 
structive and rewarding; it demands (and 
merits) close attention.— Alexander L, 
Fetter, Physics, Stanford University 

Coherent Nonlinear Optics: Recent 
Advances. M. S. Feld and V. S. Leto- 
khov, eds. Topics in Current Physics, 
21. 377 pp. Springer-Verlag, 1981. 
$44.50. 

This collection of six articles covers 
areas of current intense investigation in 
optical physics. The articles are all highly 
technical and will be of value to those who 
wish to learn about the topics in consid¬ 
erable detail. The editors have done a fine 
job in choosing the areas to be covered, 
and the articles are, on the whole, well 
written. 

In the first article, on superradiance (a 
phenomenon often called “superfluo¬ 
rescence”), M. S. Feld and J. C. MacGil- 
livray summarize the view of this problem 
that they pioneered, namely that super¬ 
radiance is a form of amplified sponta¬ 
neous emission, occurring in the limit in 
which decay processes are negligible. This 
viewpoint was highly controversial a few 
years ago, but the evidence is accumu¬ 
lating to indicate that they have been 
right all along, 

There are four articles on laser spec¬ 
troscopy, covering high resolution (by V. 

P. Chebotayev), multiphoton processes 
(by E, Grynberg, B. Cangac, and F. Bira- 
ben), coherent Raman spectroscopy (by 
M. D. Levinson and J, J, Song), and pi¬ 
cosecond interactions (by A. Laubereau 
and W. Kaiser). The first three papers are 
wide-ranging, in-depth reviews of the 
areas covered, and they contain a useful 
balance of theory and experiment. The 
picosecond study is quite limited in scope 
and duplicates, to some extent, the dis¬ 
cussion on Raman spectroscopy. This is 
unfortunate, since the taming of the 
tunable picosecond dye laser has made 
this a very active area of current re¬ 
search. 

The article by C. D. Cantrell, V. S.Le- 
tokhov, and A. A. Markarov on laser ex¬ 
citation of multilevel systems is a theo¬ 
retical study of model systems in which 
molecules can be driven to high vibra¬ 
tional excitation by resonant multiphoton 


absorption of infrared radiation. This 
article also includes a review of the spec¬ 
troscopy of the j/ 3 mode of SF fi , which is 
widely used as a surrogate in discussing 
the isotope separation of uranium via in¬ 
frared excitation of UF q.— Frederic Hopf, 
Optical Sciences Center, University of 
Arizona 


Mathematical Physics Reviews, Vol. 1 
(1980). S. P. Novikov, ed. Soviet Sci¬ 
entific Reviews, Section C. 207 pp. 
Harwood Academic Press, 1980. 
$44.50. 

In recent years mathematical physics 
has made vigorous progress along several 
frontiers. Russian mathematicians and 
physicists have made very important 
contributions to these developments, 
some of which are reviewed by Russian 
experts in this small volume. 

Since the first of the four articles con¬ 
sists of two separate chapters, the volume 
is really a collection of five review articles. 
The subject matter includes inverse 
scattering methods, gauge fields, statis¬ 
tical mechanics, solvable field theory, and 
problems related to the thermodynamical 
limit of dynamical systems. 

The articles are very useful for their 
overall viewpoints concerning these im¬ 
portant new fields and will be welcomed 
by research workers who cannot read the 
original literature in Russian. That the 
authors are distinguished, contributors 
themselves (V. G. Drinfel’d, I, M. Kri- 
chever, Yu I. Manin, S. P. Novikov, R. L. 
Dobrushin, Ya. G. Sinai, L, D. Faddeyev, 
N. N. Bogolyubov, Jr., A. M. Kurbatov, D. 
Ya Petrina, and D. P. Sankovich) makes 
the papers more insightful than the usual 
review articles,—C. N, Yang, Institute for 
Theoretical Physics, SUNY-Stony 
Brook 


Techniques and Applications of Path 

Integration. Lawrence S. Schulman. 

359 pp. Wiley-Interscience, 1981. 

$31.95. 

Although at one time path integrals 
were a mere curiosity, they are now ac¬ 
cepted as a standard tool for physicists in 
a variety of fields, such as quantum field 
theory, statistical mechanics, solid state 
physics, and nuclear theory. However, few 
books devoted entirely to this subject 
exist, the best known being that of Feyn¬ 
man and Hibbs, We now have a welcome 
addition. 

My reaction to this book is very favor¬ 
able, for a variety of reasons. It is very 
clearly written and explains in detail ev¬ 
erything it covers. It is not always rigor¬ 
ous, but it is rigorous enough for most 
physicists. I find the informal style re¬ 
freshing, and I like the way the topics, 
which cover a wide range, are introduced 
very gently. 

Starting with a definition of a path in¬ 
tegral, the book covers among other 


I things, applications to nonrelativistic 
| quantum mechanics, the polaron prob- 
| lem, black holes, and critical phenomena. 

1 The WKB approximation, to which one 

I f must frequently resort, is discussed in 

I detail. Also discussed, very clearly, are 
1 quantum problems in spaces that are 
I curved or multiply connected, 
j I think anyone working with path in¬ 
tegrals should own this book. One will ei¬ 
ther find the relevant information here or 
find out where to get it from the extensive 
bibliography.— R. Shankar, Physics, 
Yale University 

I Physics: Principles with Applications, 
j Douglas C. Giancoli. 805 pp. Prenlice- 

| Hall, 1980. $24.95. 

! This introductory text is intended pri- 

I manly for students in the life sciences, 

1 technology, environmental sciences, and 
j other fields allied to physics. It is an am- 
' bitious book in that the author claims a 
; s pectrum of pedagogic virtues that many 
f espouse but few live up to: in-depth un- 
; derstanding, organic development, at- 
1 tention to problem-solving, relevance to 
’ students’ experiences, flexibility, and so 
; forth. And to a remarkable degree, the 
j author succeeds in his intentions. In a 
; simple and relaxed style, he presents an 
7 extraordinarily complete range of mate* 

! rials with clarity and sophistication. By 
giving many examples of the practical 
:! applications of physical principles in ev- 
! ery thing from architecture to daily living, 
j he conveys the importance of physics 
1 without editorializing. Exercise problems 
I are grouped according to difficulty, and 
! optional sections of the text are indicated. 

; The drawings and photographs are espe- 
;l dally fine. For schools offering only one 
introductory course in physics, this should 
i be a very good choice of a text, as it can 
accommodate the interests and abilities 
: of a wide range of students.— Angela Li - 
Schulz, SUNY-Empire State Cnllflc of 
Albany 


Theoretical Aspects and Now Devel¬ 
opments in Magneto-Optics. Jozef T. 
Devreese, ed. NATO Advanced Study 
Institutes, Series B: Physics, CiO. 826 pp. 
Plenum, 1980. $69.50. 

The lecturers selected for the Advanced 
Study Institutes are specialists in various 
j subfields of some larger area—in this case, 
magneto-optics in semiconductors and 
; j related solids—and are supposed to pitch 
| their lectures at the level of advanced 
■1 students and interested nonapecialists. 
I Most of the contributors to this volume 
i have been successful, some extremely so, 
in producing clear lectures giving a broad 
perspective of recent work in their 
areas. 

The range of subfields included in the 
19 lectures and 5 seminars published is 
quite comprehensive, ranging from im¬ 
purities, excitons, polarons, and plasmas 


We have nothing to fear of 
technology but fear itself. 

In this provocative and brilliantly reasoned collection of essays, Samuel 
Florman dissects America’s growing disenchantment with technology. 

Citing case after case, he proves, with wit, grace, and flawless common 
sense, that it is not technology but fear of technology that is clouding our 
vision of the future. 

“Mr. Florman has a gift for prose and is, besides, a kindly, clear thinkeif 
-The New Yorker 

“This stimulating book is a challenge to the pessimists and a damper for 
the optimists ;’—Publishers Weekly 

BLAMING 

TECHNOLOGY 

The Irrational Search for Scapegoats 

SAMUEL C. FLORMAN 

author of The Existential Pleasures of Engineering 

$12.95 at bookstores or by mail (add $1.25 postage and handling for mail orders) 

St. Martin's Press 175 Filth Avenue New York, N.Y 10010 


1 bulk Kumimindudors to electronic 
roperties of graphite intercalation 
ompounds and Si MOSi’KTs, In addition, 
here is a noteworthy contribution on 
onlinear magneto-optics (with emphasis 
n twu-photmi absorption and spin flip 
la man sea turning), a field which is at- 
ranting renewed activity. 

The book would have benefited greatly 
rom competent editorial attention. The 
sutures are arranged in a hodgepodge, 
vith no attempt to group together con- 
ributions on closely related subjects. 
Verse yet, about lit'.; of the book is de¬ 
bited to diverse topics that are notrelat- 
id, so far as I can see, to magneto-optics 
it all! Finally, the editor has inexplicably 
nserted a reproduction of one of his own 
r) hymil limvw papers, fourteen pages 
n length. Wouldn't a reference have suf- 
'\m\T David M. Larsen, Physics, 
MJT 


The New Solar System. J. Kelly Beatty, 
Brian Q’Learv, Andrew Chaikin, eds. 
224 pp. Sky Puldishing/Cambridge 
University Press, 11)81. $19.95. 

Some of the most interesting data from 
one of man’s great est exploratory en¬ 
deavors are presented in 20 up-to-date 
contributions, by American experts, on 
the sun and the planets, in a beautiful 


volume with excellent illustrations. The 
aim of the editors is to use a format which 
is neither that of a textbook nor of a cof¬ 
fee-table volume but somewhere in be¬ 
tween. 

The publishers, editors, and authors 
must be given credit for their effort, but 
I believe that most readers will find it 
difficult to understand where many of 
these fascinating topics stand. Largely 
empirical sciences occasionally lead to 
brillant syntheses, such as the theory of 
evolution or the concept of plate tectonics, 
and the same may eventually take place 
in studies of the solar system. But the 
situation as it exists in most areas involve 
amass of detail connected by speculations 
whose genesis and significance are often 
very difficult to grasp. The difficulties 
inherent in presenting such material 
great, but the book offers no new ap 
proaches or insights. Despite the edito w 
intentions, many articles mix very e 
mentary explanations with unde m 
technical terms in a context ot loo 
speculation, and the reader will m 
himself continually backtracking to di 
cover where he missed the thread ot t 
discussion. , , 

I enjoyed reading the book because 1 
helped me to appreciate the objectives^ 
my colleagues in unfamiliar areas _in 

reader withoutmy background can still 
impressed by the sense of wonder an 
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enthusiasm of the contributors, and that 
may be the principal reward for reading 
The New Solar System.—-Richard M. 
Goody, Planetary Physics, Harvard 
University 


Earth Sciences 

Physics of Magmatic Processes. R, B, 
Hargraves, ed. 1980.585 pp, Princeton 
University Press, $40 cloth, $15 
paper. 

This is a handsome, deep red book, 
beautifully printed on good, acid-free 
paper. (But students say the paperbound 
one wears badly.) It is a collection of 11 
papers presented in 1977 at Princeton in 
commemoration of a series of lectures 
given there 50 years earlier by the late 
igneous petrologist Norman L. Bowen 
(1887-1956), Bowen’s lectures formed a 
book called The Evolution of the Igneous 
Rocks that is still a classic and a standard 
reference for serious students of petrolo¬ 
gy. The book is rich with both science and 
the philosophy of science. Through a 
mastery of phase equilibria and experi¬ 
mentation, Bowen set forth the funda¬ 
mental chemical principles (geochemis¬ 
try) of igneous rocks existing as silicate 
liquids (magma) at high temperatures 
(1000-1300°C) beneath volcanoes. Bow¬ 
en’s book itself has also been honored by 
the recent (1979) collection of papers, The 
Evolution of Igneous Rocks: Fiftieth 
Anniversary Perspectives, edited by H. 
S. Yoder, Jr. Much of the material in the 
present volume might better have been 
part of Yoder’s, 

Compared to his contemporaries R. A. 
Daly, F. F. Grout, and H. Cloos, Bowen 
actually did little to develop the physical 
aspects of igneous petrology. Although the 
last chapter of his 1928 treatise concerns 
petrogenesis and physics of the earth, it 
broke no new ground and was essentially 
a brief summary of the physical structure 
of the earth and of the then current ideas 
of magma genesis. The present book in¬ 
advertently reflects this, because only in 
the broadest sense, taking chemistry as a 
branch of physics, do about half of these 
papers have anything to do with the 
physics of magmatic processes. Never¬ 
theless, none is without interest. 

Although Bowen did wonderfully de¬ 
velop the chemistry of igneous petrology, 
he could hardly have been expected also 
to develop its physical principles of fluid, 

: beat) a n d mass transfer, for many of these 
fundamentals have only been developed 

by physicists and engineers in the last 20 
. years. Geochemists routinely make every 
■ exact analysis of igneous rocks, but igne¬ 
ous petrology has only the barest of 
physical foundations, and it has suffered 
greatly from this neglect. In fact, it is 
common to hear petrologists suggest that 
the most supernatural processes have 
occurred within magma chambers. Be¬ 
ginning with the inspired work of H. R. 

670 American Scientist, Volume 69 


Shaw in the mid-1960s, a still youthful but 
solid understanding of the physical 
foundation of magmatic processes is 
steadily being built, and thus it is fitting 
that the backbone of this book is a de¬ 
lightfully intuitive paper by Shaw himself 
on the transport of magma by propaga¬ 
tion of magma-filled fractures. And much 
in the style of Shaw is a comprehensive 
and appropriately remedial paper by F. J. 
Spera on some theoretical aspects of 
magmatic transport. 

The development of the subject has 
been considerably hampered by the dire 
lack of data on the physical or transport 
properties of magma. Bowen made an 
important early contribution with his 
measurement of chemical diffusivity. It is 
so much smaller than the thermal diffu¬ 
sivity that significant chemical contami¬ 
nation of a magma during solidification by 
diffusive exchange with its wall-rock is 
highly unlikely. Just now this is redisco¬ 
vered almost daily by petrologists. But 
only in the past few years has a good deal 
become known about mass diffusion in 
magmas, and A. W. Hofmann presents an 
excellent summation and criticism of 
many hitherto scattered results, Another 
major question, the effect of pressure on 
viscosity of magma, is largely answered by 
I. Kushiro, 

The final court of appeal in igneous 
petrology is of course the rocks them¬ 
selves, and here there has always been a 
gap between theory and outcrop. This gap 
is considerably narrowed by careful field 
studies by physically minded field 
petrologists like T. N. Irvine, E. Dowty, 
and F, Lofgren. The origin of the magma 
is central to igneous petrology, and S, R. 
Hart and C. J. Allegre give a refreshingly 
critical overview of the constraints placed 
upon this process by trace elements. How 
surface heat flow implies the deeper 
thermal regime is nicely summarized by 
E. R. Oxburgh, who goes on to show where 
magma production might take place. 

Ever since Bowen and his colleagues 
began determining phase equilibria in 
binary and ternary silicate systems, 
petrologists have continued to gain insight 
into the apparently much more complex 
equilibria of magma. Yet even though 
Bowen occasionally used thermodynamics 
to analyze and generalize these results, 
thermodynamics has never been the 
friend of the experimental igneous 
petrologist. The thermodynamics of most 
systems are only sketchily understood. 
Thus it is particularly fascinating to see 
the important ternary system diopside- 
albite-anorthite worked out in detail by 
D, F. Weill, R, Hon, and A. Navrotsky. P. 

C. Hess presents a particularly lucid and 
inviting discussion of polymer models of 
melts, which should be read by all stu¬ 
dents of petrology, most of whom have 
only the crudest ideas of melt structure 
and behavior. 

If this book is not exactly what its title 
suggests, it is certainly a significant start. 

It will exicte more than passing interest. 


for it gives formal recognition to the new 
subject of physical igneous petrology. 
Anyone who wishes to get in on the 
ground-breaking will want this book.—B, 
D. Marsh, Earth and Planetary Sciences, 
Johns Hopkins University 

The Seaward Margin of Belize Bar¬ 
rier and Atoll Reefs: Morphology, 
Sedimentology, Organism Distribution 
and Late Quaternary History. Noel P. 
James and Robert N. Ginsburg. Inter¬ 
national Association of Sedimentolog- 
ists, Special Publications, 3. 191 pp. 
Halsted Press, 1979. $22.95 paper. 

Knowledge about the margins of car¬ 
bonate platforms, the abrupt transition 
between the shelf and basin, is sparse. 
This book is a useful contribution to such 
knowledge and will be particularly valu¬ 
able to geologists working on problems 
involving ancient platform margins who 
need detailed facies information from a 
modern analogue. 

One of the best aspects of the book is 
the variety and amount of basic data 
presented in addition to one or more in¬ 
terpretations of the data by the authors. 
It is reassuring to see data, once again, on 
composition and grain size for recent 
carbonate sediments, because this type of 
information is readily applied to studies 
of ancient reef margins. The Belize data 
show that only a narrow zone in the basin 
adjacent to the reef wall contains shallow 
reef sediments. 

An interdisciplinary group, including 
specialsits in marine algae and inverte¬ 
brates, collaborated in the study. The 
authors adeptly synthesize the biological, 
seismic, basin-core, reef-wall, and sedi¬ 
ment-sample data. There is, however, 
some repetition of morphologic and biotic 
descriptions between chapters. Clear di¬ 
agrams and reasonably well reproduced 
underwater photographs of the bottom 
features and photomicrographs of thin 
sections of reef-wall samples are numer¬ 
ous. As in other similar studies, water- 
column and physical and chemical 
oceanographic data are sadly lacking. 

Petrologic descriptions and discussions 
comprise the longest chapter, approxi¬ 
mately 20% of the book. Cementation was 
found to be more prevalent at depths 
greater than 40 meters, but nowhere was 
it pervasive. Protected ledges, borings, 
and other areas of nondeposition and' 
stable sediments are reported as the pri¬ 
mary sites of cementation. All of the ce¬ 
ments are either high-magnesium calcite 
(predominant) or aragonite (subordinate), 
indicating that there has been no sub¬ 
aerial exposure since the Holocene rise in 
sea level. Radiocarbon dates in conjunc¬ 
tion with petrographic evidence for 

syndepositional cementation demonstrate 

that the reef wall is accreting seaward. 
Interestingly, this is contrary to the re¬ 
ports by researchers of erosion of the 
seaward margins of carbonate platforms 
by higher wave energy in the Pacific 




Ocean. This book will find a receptive 
audience among marine scientists and 
sedimentologists working on reefs and 
carbonate platform margins, both fossil 
and modern.— Randolph B. Burke, North 
Dakota Geological Survey, Grand 
Forks 

Geophysical Case Study of the Wood- 
lawn Orebody, New South Wales, 
Australia. Robert J. Whiteley, ed. 588 
pp. Pergamon Press, 1981. $100. 

The editor of this book advises in the 
Foreword: “Editing was kept to a mini¬ 
mum and aimed at reduction of redun¬ 
dant material.” Unfortunately, there is 
substantial redundancy and a great vari¬ 
ation in style and depth of treatment 
among the numerous papers included. 
Very few of the articles would pass journal 
standards. Compared to The Geophysics 
of the Elura Orebody, Gobdr,New South 
Wales, Australia (Vol. II, No, 4 Bull Aust. 
Sot*. Expl. Geophys. Dec, 1980), this vol¬ 
ume suffers in editing, organization, and 
fundamental contributions to under¬ 
standing the geophyaips of ore deposits. 
The book will serve' nevertheless, as a 


world energy futures. There is a fine piece 
by Amory Lovins, along with an account 
of the dialogue following his—and oth¬ 
ers’— presentations, The variety of topics 
covered is so vast and generally so well 
treated that this volume seems a basic 
addition to all energy-related libraries, as 
well as to the collections of serious envi¬ 
ronmental scientists. 

Bach, with coconvener Jill Williams 
(now Jill Jager), divided the workshop 
into three working groups, devoted to 
Energy Demand and Supply, Identifica¬ 
tion and Assessment of Various Climatic 
Impacts, and Objectives of A Climatic 
Impact Study Program. All three con¬ 
centrated almost exclusively on the larg¬ 
est energy/climate effect, potential C0 2 - 
induced climatic changes and impacts. All 
three'also concluded—in language that is 
uncharacteristically strong for such a di¬ 
verse group—that the C0 2 problem was 
indeed very serious. The emphasis was on 
how to minimize potential adverse effects 
of CO % buildup. Among policy options 
suggested to deal with C0 2 were; (I) much 
more attention to energy end-use effi¬ 
ciency (i.e., conservation); (2) more vig¬ 
orous attention to developing nonfossil 


significant, particularly in the areas of 
theoretical analyses of reflection, refrac¬ 
tion, interference, absorption, and scat¬ 
tering phenomena and of the experiments 
carried out toward their definition, The 
papers will be of interest not only to those 
involved in underwater acoustics but also 
to those interested in marine geophysical 
exploration and marine geology. My sin¬ 
gle complaint is that only scant attention 
is given to such bathymetric mapping 
procedures as SEABEAM, which would 
appear to have the potential for becoming 
an important and useful new tool for 
deep-ocean, topographic investigations. 

As with many such conference pro¬ 
ceedings, the quality of the individual 
contributions varies; on the whole, they 
have been carefully prepared and are of 
excellent quality. The volume has the 
advantage of including contributions from 
both North American investigators (26) 
and European investigators (20). The 
editors are to be complimented on their 
success in compiling and publishing the 
individual contributions so soon after the 
symposium.—C/rar/es B. Officer, Earth 
Sciences, Dartmouth College 


useful reference to application of geo¬ 
physical techniques ti) (he detection and 
delineation of a shallow, massive sulfide 
body of complex shape in pyritic shale 
host. Lessons are abundant as to what 
technique will and will not work and the 
degree of their applicability to this 
geologic setting. I believe that most ore- 
deposits geophysicists will want to have 
their libraries purchase the book. All up- 
to-date libraries should have a copy on 
their shelves. 

Among complaints of a minor nature, 

I found that the right-hand running heads 
were set too close to the text so that my 
eyes flowed from the bottom left text to 
the right running head—most annoying! 
Aside from that, the'book is well pre¬ 
sented in camera-ready format, the il¬ 
lustrations are clear, and the individual 
papers and illustrations are nicely cross- 
referenced—Stanley H. Ward, Univer¬ 
sity of Utah Research Institute, Earth 
Science Laboratory' 

Interactions pf Energy and Climate. 

Wilfrid Bach, Jurgen Pankrath, Jill 

Williams, eds. 569 pp. D.Reidel, 1980. 

$58 cloth, $26.50 paper. 

Sooner or later some almanac is going 
to include a category for the person who 
shepherded the greatest number of im¬ 
portant international, interdisciplinary, 
environmental policy workshops. My vote 
will go to Professor Wilfrid Bach of the 
University of Munster, Interactions of 
Energy and Climate is the proceedings of 
just such a workshop, and it is the most 
valuable contribution to this highly di¬ 
verse field yet published. Topics range 
from C0 2 and the carbon cycle to thermal 
effects of power plants to the debate over 
“hard” versus “soft” paths for alternative 


energy sources, particularly renewable 
ones, so that they will be available in 
larger quantities sooner than predicted by 
current projections; and (3) more atten¬ 
tion to reforestation and soil conservation, 
not only to minimize C0 2 buildup, but to 
maintain higher productive potential for 
future food systems. While none of these 
suggestions is new, they are clearly and 
forcefully stated and constitute an im¬ 
portant message to national leaders. 

The principal lack in the book is also 
that of the workshop: a,dearth of third 
world representatives, who may well be a 
bit less environmentally oriented and 
more economically oriented, than most of 
the developed-country participants. This, 
too, is fairly common for most COa/cli- 
mate/energy conferences. 

On balance, however, the book is, I 
unhesitatingly st ate, a major contribution. 
It will be interesting to see if Professor 
Bach’s next workshop volume, Interac¬ 
tions of Food and Climate, (alsoReidel, 
ip press) will be as well received.—Ste- 
phen H. Schneider, National Center for 
Atmospheric Research, Boulder, CO 

Bottom-Interacting Ocean Acoustics. 

William A. Kuperman and Finn B. 

Jensen, eds. NATO Conference Series 4; 

Marine Sciences, 5.717 pp. Plenum, 

1980. $75. 

Two basic kinds of research are repre¬ 
sented in the 46 papers collected here—- 
research using acoustics to probe the 
ocean bottom and research aimed at de¬ 
termining how the ocean bottom affects 
sound propagation in the ocean. Many of 
the investigations, understandably, in¬ 
volve applications of underwater acoustic 
detection; they represent a continuing 
research effort. The advances covered are 


The Restoration of Land: The Ecology 
and Reclamation of Derelict and De¬ 
graded Land. A. D, Bradshaw and M. J. 
Chadwick. 317 pp. University of Cali¬ 
fornia Press, 1980. $27,50. 

The authors intend that their book 
“will deal with a variety of problems on a 
global scale but of necessity will empha¬ 
size the problem area, the more heavily 
industrialized regions, where there has 
been massive degradation,” Therein lie 
the strengths and the weaknesses of the 
book, In its optimistic and encouraging 
accounts of the history and techniques of 
reclamation in northern Europe, it is 
marvelous, It is written, with skill and er¬ 
udition for engineers, planners, and lay¬ 
men, and its use will help reduce the in¬ 
ventory of derelict lands under the espe¬ 
cially favorable climatic conditions found 
in northern Europe and under conditions 
of still-available energy and fertilizer 
supplies of the present time, What the 
book lacks is the world perspective that its 
authors sought, . .. ,, 

The world problems not addressed by 
the book are serious: (1) The engineering 
solutions to reclamation problems are 
energy-, fertilizer-, and water-intensive; 
the authors simply assume an inexhaus¬ 
tible supply of these resources and fail to 
analyze the problems of rising cost, 
dwindling supply, and competing uses of, 
the nonrenewable resources needed for J 
reclamation, (2) The view presented og 
reclamation in arid lands is inconsistent 
with the large body of literature on the 
subject. Reestablishment of vegetation^ 
there, especially native vegetation,^, 
notoriously difficult and costly, as is th: 
energy-intensive reshaping of strip-mmei 
lands. (3) Huge areas ofandlandjg 
under irrigated agriculture m the Unite 
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States and elsewhere are on the verge of 
dereliction by consumption of the re¬ 
source required for their reclamation- 
groundwater. This problem, of staggering 
proportions, is not addressed at all here. 
(4) Equally serious problems are in the 
making in conversion of rain forest to 
agricultural uses, Very high rates of soil 
loss cause early abandonment, The need 
for fertilizers to restore these lands places 
yet another burden on world supplies. 

For its contribution to the history and 
its exploration of the need for restoration 
of derelict land, the book is well worth the 
price. As an account of long-term solu¬ 
tions to world problems, it underestimates 
an important issue: the feasibility of rec¬ 
lamation should be resolved before the 
natural productivity of the land is de¬ 
stroyed for short-term benefit— H, G, 
Wilshire , U.S. Geological Survey , Menlo 
Park, CA 

Estuarine Physics and Chemistry: 

Studies in Long Island Sound. Barry 

Saltzman, ed. Advances in Geophysics 

22. 424 pp, Academic Press, 1980. 

$44.50. 

In this collection of field-oriented 
studies dealing with material fluxes to and 
within an “urban” estuary, Long Island 
Sound, emphasis is placed on identifica¬ 
tion and quantification of both naturally 
occurring estuarine sedimentary pro¬ 
cesses of general interest and geochemical 
perturbations local in scale and intro¬ 
duced by human activities. The book is 
successful as a whole because the authors 
have been able to integrate many of the 
results individually described in each of 
the eight chapters. Important processes 
controlling material fluxes are clearly 
identified, as the topics proceed from an 
initial discussion of the overall sedimen¬ 
tary system to microscale discussions of 
chemical diagenesis near the sediment- 
water interface. 

The data on material flux allow for a 
series of internally consistent mass bal¬ 
ances, operating on time scales of 8,000 
years, in the case of rates of sediment ac¬ 
cumulation versus riverine suspended- 
load inputs, to days, in the case of the ra- 
diochronometric tracer thorium-234, 
whose distribution is controlled by 
water-column particle scavenging and 
transport of the incohesive fine-grained 
sediment fraction deposited at the sedi¬ 
ment-water interface. 

Close interactions between the rela¬ 
tively small group of authors appear to be 
responsible for the continuity in many of 
the discussion sections. For example, 
quantitative discussions of the signifi¬ 
cance of silt-'clay pelletizing processes 
carried out by benthic animals begin in 
the initial chapter on the sedimentary 
system and continue in later chapters 
concerning transport phenomena and 
geochemical processes. Furthermore, 
discussions in individual chapters, such 
as that on radionuclide sources and sinks, 
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bring cohesion to the overall findings by 
incorporating results from other chapters. 
The pitfalls of many multiauthor volumes 
are avoided. 

Another unusual and important feature 
of this volume is the inclusion of major 
original contributions from the recent 
Ph.D. dissertations of H. J. Bokuniewicz, 
on estuarine sediment flux in Long Island 
Sound, of R. C. Aller, on the influence of 
macrobenthos on the chemical diagenesis 
of marine sediments, and of R. J. 
McCaffrey, on the accumulation of sedi¬ 
ment and trace metals in a Connecticut 
salt marsh, These papers, each repre¬ 
senting several years of field research and 
digestion of results, form a strong base for 
discussion through the text and provide 
valuable references. The book presents an 
excellent, integrated approach to tackling 
estuarine physical and geochemical pro¬ 
cesses and, with its solid referencing 
through 1979, should prove useful to those 
interested in pursuing similar studies 
elsewhere.— Christopher S, Martens, 
Marine Sciences, University of North 
Carolina 

Climate Change and Society: Conse¬ 
quences of Increasing Atmospheric 
Carbon Dioxide. William W. Kellogg 
and Robert Schware, 178 pp. Westview 
Press, 1981, $15 cloth, $8 paper. 

Venus is an extreme example of the 
“greenhouse effect,” Carbon dioxide is 
transparent to incoming solar radiation 
but traps reflected infrared heat, warming 
the surface of the planet. Increased water 
vapor amplifies the effect, and particu¬ 
lates and trace gases also play a role. 

The CO 2 content of Earth’s atmosphere 
has increased more than 7% since sys¬ 
tematic measurement began in 1958. 
Credible projections of fossil fuel con¬ 
sumption suggest C0 2 may reach double 
the preindustrial level sometime in the 
next century, Mathematical models show 
that a doubling would cause a global 
temperature increase of about 3 P C, with 
the effect minimal at the equator and 
greatest at the poles, Our climatic pat¬ 
terns would be greatly altered, but it is not 
possible to predict where or when or how 
much. Many scientists view this as po¬ 
tentially man’s most profound influence 
on the environment, 

Kellogg, a climatologist at the National 
Center for Atmospheric Research, and 
Schware, a political scientist, present an 
extraordinarily clear and comprehensive 
discussion of the scope of this issue and 
the “cascade of uncertainty” that ac¬ 
companies it. They cite possibilities for 
averting or slowing the buildup of C0 2 - 
such as reducing fossil fuel demand, in¬ 
creasing “standing carbon” in the biomass 
by several means, including reforestation, 
and various technical “fixes,” most of the 
latter incredible or unlikely, 

If present trends continue, a C0 2 -in- 
duced climate change seems likely to 
occur sooner or later, and the authors 


focus on the resultant impacts. These in¬ 
clude changes in energy supply and de¬ 
mand, world food production, water re¬ 
sources, fisheries, health, comfort, and 
disease, population settlements and mi¬ 
gration, and tourism and recreation. They 
also discuss strategies for mitigating 
harmful effects or exploiting possible 
benefits (such as locally improved cli¬ 
mates or CO 2 as a "free fertilizer” for 
plants), international institutions and 
legal mechanisms for control, and ethical 
considerations. 

This is a fine book about a complex 
issue—factually reliable, balanced in 
judgment, comprehensive in scope. It 
merits inclusion in any environmental 
collection. COg-induced climate change 
is an issue that is not going to go away: the 
buildup proceeds incrementally but 
inexorably. (The authors were supported 
by the Department of Energy, which has 
pioneered the government’s research on 
effects of carbon dioxide, )-David Burns, 
Climate Project, American Association 
for the Advancement of Science 

Soil Erosion. M. J. Kirkby and R. P. C. 

Morgan, eds. Landscape Systems. 1112 

pp. Wiley-Interscience, 1980. $67. 

Soil Erosion is designed to bring to¬ 
gether at the level of a research text what 
is known about soil loss in agricultural 
practice. Attention in the early sections 
focuses on the Universal Soil Loss Equa¬ 
tion (USLK), developed in the United 
States by the Soil Conservation Service. 
This empirical formula, UHed in this and 
other countries, is a practical approach to 
predicting soil loss in areas of specific 
rainfall intensity, soil, slope length and 
gradient, crop management, and ero¬ 
sion-control practice. The authors try to 
look beyond the empiricism of the uht.k 
model to more deterministic models of 
soil loss. The results are suggestions only, 
pointing toward areas which appear to 
offer possibilities of advance. 

Because erosion affects agricultural 
productivity, a major question is the ac¬ 
ceptable rate of soil erosion caused by 
human use. In general, if a soil is regarded 
as a renewable resource, then the rate of 
destruction should be balanced by the 
rate of renewal. Because soil generation 
varies with regional and local conditions, 
these acceptable rates of erosion must also 
vary accordingly. Present standards, the 
authors feel, are too high for long-term 
productivity, although they aren’t ready 
to propose what the rates should properly 
be. This may be in part because of the 
scarcity of baseline studies of erosion rates 
on land in the natural state, Such data 
would be important to the soil conserva¬ 
tionist. To those interested in landscape 
development and the reduction of the 
land surface over millions of years, the 
rate of sediment yield unaffected by 
human occupancy is significant. 

This is a good review of our knowledge 
of humanly induced soil erosion and of 


how soil conservation helps to stem this 
artificially accelerated erosion. Chapter 
bibliographies are extensive and provide 
entry into both general and specific top¬ 
ic s.—Sheldon Judson, Geological & 
Geophysical Sciences, Princeton Uni¬ 
versity 

Elements of Palaeontology. Claude 

Babin. Trans. N. Orriss. 466 pp. Wiley, 

1980. $57. 

This is a partially updated textbook 
originally published in French in 1971. 
The translation is quite literal, leading to 
many awkward constructions in English, 
but the writing is lively. 

The book includes chapters on princi¬ 
ples and techniques of analysis and on 
individual taxa of invertebrates, verte¬ 
brates, and plants. Chapters devoted to 
particular taxa are quite brief. The 
chapter covering the phylum Echinoder- 
mata, for example, includes only seven 
figures and not much more than four 
short pages of text. Unlike most textbooks 
in English, this one does not treat soft 
anatomy, except haphazardly, but focuses 
exclusively on the morphology of fossili- 
zable skeletons. The author also treats 
general questions for many groups, in¬ 
cluding the origins and extinctions of 
higher taxa. Here, much interesting ma¬ 
terial is covered, but the upper-level stu¬ 
dent will need recourse to more detailed 
coverage of morphology and taxonomy for 
important groups of animals and plants, 
Much of the factual and conceptual 
material is now dated; few references have 
been added since 1969, when the original 
text was completed. In the discussion of 
evolution, as is often the case in even 
modern French writings, Lamarckism is 
placed on equal footing with Darwin- 
inm.—Sieuen M. Stanley, Earth and 
Planetary Sciences, Johns Hopkins 
University 


Life Sciences 

Biophysical Chemistry, Part 1: The 
. Conformation of Biological Macro¬ 
molecules. Charles It. Cantor and Paul 

R.SchimmeU41pp,W,H, Freeman, 

1980. $35 cloth, $19.50 paper. 

This book (along with Part 2: Tech¬ 
niques for the Study of Biological 
Structure and Function and Part 3: The 
Behavior of Biological Macromolecules ) 
is a pleasure to peruse, a joy to read, and 
a delight to teach from, Even a casual 
sampling reveals a wealth of information 
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Irving Geia in two colors (e.g., structures 
of viruses, proteins, peptides, DNA, 
membranes, polysaccharides, tRNA, and 
energy contour maps). A more detailed 
reading reveals lucid and authoritative 
treatment of all the major areas of con¬ 
formational analysis of polypeptides, 
polynucleotides, polysaccharides, and 
lipids. Teaching from this book proves the 
success of the authors’ effort “to create a 
multilevel textbook” for undergraduates, 
graduate students, research scientists, 
and biophysical chemists. The contents 
are organized for maximum flexibility in 
teaching approaches: the material can be 
presented in either a relatively non- 
mathematical or a highly mathematical 
manner, thanks to the separation of 
mathematical derivations from the de¬ 
scriptive material, 

One cannot but be impressed by the 


manner in which this massive amount of 
information has been brought together in 
one set of volumes, It is the up-to-date, 
authoritative, comprehensive reference 
and textbook long awaited by biophysical 
chemists.—S. Scott Zimmerman, Grad¬ 
uate Section of Biochemistry, Brigham 
Young University 

Protein-Protein Interactions. C. 

Frieden and L. W. Nichol, eds, 403 pp. 

Wiley-Interscience, 1981, $49,95. 

This book is a beautifully written and 
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physical approaches to the quantitative 
characterization of protein-protein and 
protein-ligand interactions, with appro¬ 
priate reference to their regulatory roles 
in biochemical systems. A volume of this 
length cannot be comprehensive; it is, 
however, richly referenced, and each 
chapter is a critical account of the author’s 
area of research. The unity, which sus¬ 
tains the reader’s attention, is provided in 
large part by the introductory chapter, 


of interaction to he discussed in detail 
later on and establishes the structural, 
thermodynamic, and kinetic character¬ 
istics that will be studied, 

A chapter on structural and energetic 
aspects of protein interactions leads off 


chapters dealing with the practice and 
theory of the mass transport of interacting 
systems. The latter is an extended dis¬ 
cussion of the distorted-grid and finite- 
numeri- 



gand-binding isotherms and regulatory 
responses to ligand binding. The princi¬ 
ples set forth are applicable to a wide 


and the self-association of proteins 
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i like pK a s of amino acid side chains 
proteins, zwitterion solubilities of 
no acids, structural parameters of 
ious types of polynucleotide double 
cea, free energies of nucleotide base 
•king, and much more) and in the 
-catching figures, many drawn by 


proteins, methods which are unusually 
economical of computer time, But refer¬ 
ences are given to the application of other 
methods to the simulation and implica¬ 
tions of, for example, the sedimentation, 
electrophoresis, and isoelectric focusing 
of protein-ligand interactions, Chapters 
follow on equilibrium and fluorescence 
methods, kinetic analysis of interactions 
between enzymes, self-assembly of long 
rodlike structures, and the analysis of li- 


formation of multienzyme complexes. 
This book will serve as a useful source for 
investigators in diverse fields of biology 
and as a supplementary text for a gradu¬ 
ate course in biophysical chemistry,- 
John R. Cann, Biochemistry, Biophysics, 
Genetics, University of Colorado Medical 
School, Denver 

Genetic Engineering of Osmoregula¬ 
tion: Impact on Plant Productivity for 
Food, Chemicals, and Energy. D, W, 
Rains, R. C, Valentine, Alexander 
Hollaender, eds, Basic Life Sciences, 
14,381 pp. Plenum, 1980. $39,50. 

This volume contains the proceedings 

of a symposium held to discuss whether 

the new technique of genetic engineering, 
canbewdtoWptaWWPP 1 *^ 
more resistant to high soil salinity, the 
! of irrigation. De- 


S P. 

that^we'doTotloow enough about os¬ 
moregulation to isolate a email, relevant 

eagmatofDNAtobeWMteaAte- 

kiaeats suggest more research and the 
use traditional breeding techniques, 

1981 November-Decembei 673 


which are already showing some success¬ 
es, The volume itself is good reading, de¬ 
spite some unevenness and repetition. 
Many of the review articles, ranging in 
subject matter from membrane biophys¬ 
ics to the physiology of the evolutionary 
gamut of plants, are valuable syntheses 
and guidelines for future research. The 
book also includes spirited and pertinent 
panel discussions, a summary of a related 
workshop on genetic engineering, and 
brief statements from various federal 
funding agencies on support for work re¬ 
lated to this problem. It will be of interest 
to plant physiologists, geneticists, 
agronomists, and others interested in the 
problems of plant adaptation to 
stress.—M. A. Bisson, Biological Sci¬ 
ences, SUNY-Buffalo 


Biochemistry, 2nd ed. Lubert Stryer. 949 

pages, W. H. Freeman, 1981, $29,95. 

Stryer continues the tradition of ex¬ 
cellence established in his first edition. 
His refreshing style, which is narrative 
rather than encyclopedic, and his use of 
frequent, colorful illustrations make it a 
truly enjoyable text to read. The book 
seems best suited for a high-level under¬ 
graduate course, as gauged by the depth 
of coverage and the somewhat general 
choice of references. 

The text is organized into five sections: 
conformation and dynamics (of proteins 
and membranes); generation and storage 
of metabolic energy; biosynthesis of 
macromolecular precursors; information 
(nucleic acids, gene expression and rear¬ 
rangements); and topics in molecular 
physiology. 

Two new chapters have been added, 
One on integration of metabolism unifies 
Parts 2 and 3 and illustrates various ways 
in which pathways interact on the level 
both of the organ and of the organism, A 
chapter on gene rearrangements covers 
recent: developments in recombination, 
transposition, and cloning, The inclusion 
of sections on such topics as the signal 
hypothesis, attenuation, and new devel¬ 
opments in immunology and molecular 
biology serve to keep the text quite cur¬ 
rent. 

As in the first edition, Stryer’s ap¬ 
proach to biochemistry is primarily 
structural and chemical, and the book is 
thus a useful alternative to those texts 
which follow a more thermodynamic 
(bioenergetic) or cellular approach. Nu¬ 
merous illustrations develop the recurring 
theme of the relation of molecular struc¬ 
ture to biochemical function. Myoglobin 
pd hemoglobin play the same central role 
in the text as they did in the development 
of protein biochemistry, illustrating not 
only structure-function relationships but 
also allosterism, the evolution of protein 
structure, and the molecular basis of dis¬ 
ease (sickle-cell anemia) as well Stryer 
has expanded on his earlier edition both 
in terms of its elegant format and its 
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structural theme, and he is to be con¬ 
gratulated on this comprehensive and 
enjoyable text .—Mike Mossing and Tom 
Record, Chemistry, University of Wis¬ 
consin 


Recombinant dna. K. J. Denniston and 
L. W. Enquist, eds. Benchmark Papers 
in Microbiology, 15.389 pp. Academic 
Press, 1981. $45. 

The impact on biological research of the 
development of methods to synthesize 
and replicate recombinant DNA molecules 
was, and is, astounding. These procedures 
to a large extent altered the experimental 
direction of molecular and developmental 
genetic research In eukaryotes, This vol¬ 
ume is a collection of 38 distinguished 
papers published between 1970 and 1979, 
which were central to the development of 
these techniques. The book is divided into 
five parts: foundations, construction of 
vectors and hosts, basic techniques, gene 
isolation from complex genomes, and ex¬ 
pression of eukaryotic genetic information 
in E, coli, Each section is prefaced by ed¬ 
itors’ comments briefly summarizing the 
significance of each of the papers, their 
interrelationships, and the historical 
context of other contemporaneous pub¬ 
lications. 

_ No one volume could include all the 
significant publications on recombinant 
DNA technology, and the editors make no 
claim to completeness. But although it is 
a sad commentary that the editors could 
not obtain permission to reproduce pa¬ 
pers from certain journals, many of the 
most influential papers are included. In¬ 
terestingly, the historical perspective of 
this book provides a kind of program 
course in the rationale of recombinant 
DNA technology, which is valuable even 
though some of the techniques described 
are already outdated. 

The major fault of the volume, and it is 
a serious one, is that in reproducing the 
original publications on a 7" X10" page, 
the reduction of large-format journals 
such as PNAS results in Lilliputian print 
that is painful to read for any length of 
time. This book, not meant to be a defin¬ 
itive reference, is a thoughtful collection 
of landmark papers documenting the 
growth of a series of related recombinant 
DNA techniques that ultimately will affect 
our daily lives as well as our scientific in¬ 
tellects.—Diene Plotkin, Biology, Yak 
University 


From DNA to Protein; The Transfer of 
Genetic Information. Maria Szekely. 
284 pp. Halsted Press, 1980. $35.95. 

A good textbook on recent develop¬ 
ments in molecular biology is sorely 
needed, but this book does not fill the bill. 
Its major flaw is that it does not capture 
the spirit of excitement that is currently 
enveloping molecular biology. The book 
is divided into three main sections: the 


first describes DNA structure and repli¬ 
cation; the second section contains, in 
addition to mRNA synthesis and struc¬ 
ture, a chapter on nucleic acid sequence 
determination; the third segment dis¬ 
cusses protein synthesis, with a detailed 
chapter on the structure of ribosomes as 
well as chapters on the role of tRNA in 
protein biosynthesis and the mechanism 
of translation. 

Since the middle 1970s, a barrage of 
startling new facts has dispelled our no¬ 
tion that the principles governing gene 
expression,had already been delineated. 
To a large extent, these recent develop¬ 
ments are ignored in this book. For ex¬ 
ample, the mobility of DNA by transposi- . 
tion and splicing, with fundamental im¬ 
plications for gene expression during de¬ 
velopment and for evolution, is not dis¬ 
cussed. The potential of recombinant DNA 
technology does not receive the attention 
deserved. Yet it is areas such as these that 
require explanations upon which the in¬ 
terested student may build a compre¬ 
hensive knowledge, 

While the potential secondary structure 
of various rnas are described in great 
detail in Chapter 5, the structure of 
chromatin is dealt with in only three 
pages—a somewhat lopsided treatment. 
Students of ribosome and tRNA structure 
and function may well appreciate the 
thorough analyses of these macromole¬ 
cules. In essence, however, this book lacks 
broad appeal for most people who are in¬ 
terested in keeping in touch with recent 
trends in molecular biology.— Margaret 
D, Rosa, Molecular Biophysics and Bio¬ 
chemistry, Yale University 


Pocket Programmable Calculators in 
Biochemistry. John E. Barnes and 
Alan J. Waring. 363 pages. Wiley-In- 
terseience, 1980. $25. 

,. T he research worker or student in the 
biochemical sciences is often called upon 
to solve quantitative problems which arise 
in the design or interpretation of experi¬ 
ments. A variety of computational devices 
are now available to assist in the solution 
of such problems: terminals connected to 
large, high-speed computers; laboratory 
mini- and micro-computers; and the 
ubiquitous hand calculator. In this book 
the authors have described and provided 
programs to solve a variety of biochemical 
problems using the programmable hand 
calculator. 

The problems analyzed are commonly 
encountered in biochemistry. Some of the 
more useful analyses deal with buffers, 
molecular weight determinations by 
centrifugation and gel filtration, ligand 
binding, spectroscopy, and multiple iso¬ 
tope counting. A theoretical description 
is provided in each case along with a lim¬ 
ited number of references. The descrip¬ 
tions are excellent for workers already 
initiated into their subtleties, but they are 
probably too brief for many beginners, 


At the heart of the book are the pro¬ 
grams and the instructions for their use. 
j- Step-by-step instructions are provided for 
the Hewlett-Packard HP-67/97 and re¬ 
lated machines and for the Texas Instru¬ 
ments TI-58/59, At least one program is 
too long for the TI-58, while others re- 
1 quire so much time to enter (five to ten 
minutes) that most TI-58 users would 
probably long for a magnetic card feature 
not provided in this model. 

Although I did not run all programs, 
three calculations commonly performed 
in my laboratory were attempted, using 
each calculator. All programs did what 
they were designed to do, and the in¬ 
structions for their use were clear. The 
book is particularly good in leading the 
infrequent user through easily forgotten 
techniques of program entry and other 
calculator-specific problems. 

The book will probably prove useful to 
most biochemists, molecular biologists, 
and chemists. The problems considered 
are widely encountered, and the calcula¬ 
tors required for solving them are avail¬ 
able for a few hundred dollars. The pro¬ 
grams are as complex as many people will 
want to attempt using pocket machines, 
but they put easy solutions to common 
problems within the reach of virtually 
every laboratory. —John H. Venable, 
Molecular Biology, Vanderbilt Univer¬ 
sity 


Catalysis in Organic Syntheses. Wil¬ 
liam H. Jones, ed. 314 pp. Academic 
Press, 1980. $29.50. 

The proceedings of the Seventh Con¬ 
ference on Catalysis in Organic Syntheses, 
held in Chicago in June 1978, reflect the 
aim of these conferences-to present 
practical applications. 

Not surprisingly, the largest group of 
papers deal with catalytic hydrogenation, 
the catalytic reaction most often en¬ 
countered in organic synthesis. The re¬ 
maining papers deal with homogeneous 
catalysis by organometallic complexes; 
three discuss safety considerations in 
carrying out catalyzed reactions, and one 
is on measurement of catalytic activity by 
thermal analysis. 

The quality of the papers is high, and 
their contents will be interesting and 
helpful to those who need to use catalysis 
in synthetic applications. The volume is 
recommended.— Paul N. Rylander, En¬ 
gelhard Industries, Newark, NJ 


Molecular Organization and Cell 
Function. Robert F. Goldberger, ed. 
Biological Regulation and Develop¬ 
ment, 2. 620 pp. Plenum, 1980. 
$49.50. 

Biological regulation has long been one 
of the central themes of biology and has 
been studied, particularly recently, from 
many perspectives. An enzyme biochem¬ 
ist looks at allosteric regulation, an em¬ 


bryologist investigates the rules governing 
pattern formation, a cell biologist studies 
the behavioral responses of a cell to its 
extracellular milieu, and an immunologist 
considers the diversity of immunoglobulin 
expression as a result of biological regu¬ 
lation. The integration of all these views 
of biological regulation is the objective of 
the series Biological Regulation and De¬ 
velopment. 

The recent release of this second vol¬ 
ume in the series addresses these topics 
and several others, including phage mor¬ 
phogenesis, bacterial chemotaxis, cell 
shape and motility, and membrane 
transport. The editorial aim is to cut 
across traditional boundaries in the study 
of biological regulation and to weave these 
themes into a unified area of investiga¬ 
tion. The attempt has been largely suc¬ 
cessful. In particular, several chapters 
taken together provide a sound frame¬ 
work for understanding the chemical apd 
biochemical properties of defined mac¬ 
romolecules and how .these properties 
may operate in phage morphogenesis, the 
motility, shape, and membrane behavior 
of eukaryotic cells, and chemotaxis in 
bacteria. The developmental aspects of 
regulation are also well presented, espe¬ 
cially the rather comprehensive and 
well-organized chapter on early'embry¬ 
onic pattern formation, *' . j 

The almost unavoidable weakness in 
any volume of this scope and size is that 
the information reviewed is often out- 
of-date by the time of publication. The 
bibliography herb is essentially pfe-1979, 
thus compromising its effectiveness as a 
current reference. Nevertheless, t)ie value 
of this volume lies in the fact that the 
chapters are mostly clearly written and 
provide a well-laid groundwork for the 
understanding' of biological' regula- 
tm.~RockyS, Tuan, Biology, Univer¬ 
sity of Pennsylvania 

Arctic Animal (Ecology. Hermann 
Remmert. Trans. Joy Wiespr) 250 pp, 
Springer-Verlag, 1980. $24.80. 

Remmert attempts the'ncarjy impos¬ 
sible task of synthesizing animal ecology 
for north polar regional-including ter¬ 
restrial, freshwater, and marine. But the 
climate and ecosystems, of the region are 
so heterogeneous that it is’difficult to 
define the Arctic and much more so to 
synthesize all Arctic ecology. • 

The strength of this book is that it col¬ 
lects a wide variety of studies and orga¬ 
nizes them around major themes, The 
more important themes include responses 
of individual organisms to light cycles and 
temperature conditions;’ population 
characteristics such as cycles in abun¬ 
dance and seasonal migrations, and 
comparison of physical conditions and 
communities within the major types of 
ecosystems. But on the whole, and not 
surprisingly, the book is more of a pot¬ 
pourri than a synthesis, 

Many other weaknesses of the book are 


less forgivable. The editing is so poor as to 
reflect upon the scholarship of the author 
(although it may not be his fault). Scien¬ 
tific names are not italicized, many figures 
are not self-explanatory (several graphs 
do not even have the axes labeled), in¬ 
correct sources (or worse, no source at all!) 
are given for several figures that I recog¬ 
nized, and references given in the text are 
missing from the reference list. Errors of 
fact, self-contradiction, and questionable 
interpretations occur too frequently in the 
text, For instance, on p. 70: “Almost all 
small rodents of the Northern Hemi¬ 
sphere exhibit mass changes in a four-year 
cycle’’; on p. 77: “The significance of 
population oscillations is nowadays held 
to lie chiefly in the fact that they are un¬ 
predictable for predators"; on p. 120: 1 
“The large number of species in the latter 
[coral reefs and tropical rain forests} is 
now regarded as a mechanism ensuring 
high turnover and a large degree of con¬ 
stancy of its members under continually 
favourable and very constant environ¬ 
mental conditions?”; and on p. 131, 
speaking of soil animals missing in the 
Arctic; “The large dipteran larvae (Ti- 
pulids) are also missing,” even though 
Table 18 lists the tipulid species found in 
northern Alaska. Scientists interested in 
the Arctic will want to look at this book, 
but it should be read with caution.— 
George 0. Batzli, Ecology, Ethology, and 
Evolution, University of Illinois 

The Protozoa: Introduction to Proto¬ 
zoology. John N. Farmer. 732 pp. C.V. 
Mosby, 1980. $26.95 paper. 

This book is a traditional treatment of 
protozoa, with stronger emphasis on 
parasitic groups than is common. Intro¬ 
ductory chapters on organization, cell 
cycles and reproduction, and ecology are 
followed by chapters on the major groups 
of protozoa. The approach is largely tax¬ 
onomic, with a family-by-family discus¬ 
sion of the major groups. The text Is in¬ 
tended for a course with a strong labora¬ 
tory emphasis. Keys are presented in the 
chapters for the identification of the ge¬ 
nera commonly encountered in teaching 
laboratories, and the many light micro¬ 
graphs of stained preparations also seem 
oriented toward laboratory use, The dis¬ 
cussion of morphology is focused at the 
light microscope level: the wealth of re¬ 
cent ultrastructural analysis of protozoan 
structure is not used nearly as extensively 
as it might be. There is little discussion of 
physiological or developmental topics. For 
example, in discussion of flagellar motion 
and its control, the extensive physiological 
studies of Eckert, Naitoh, and their co- 
workers on the basis of the avoidance re¬ 
action in ciliates is not mentioned, nor, in 
the discussion of food-vacuole formation 
and processing, is the remarkable system 
for recycling food-vacuole membranes in 
ciliates considered. 

The presentation of much of the mor¬ 
phological detail of protozoan structure 
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in an initial chapter on organization, prior 
to the introduction of groups of organ¬ 
isms, means that the great diversity of 
cellular architecture found among pro¬ 
tozoa tends to be presented as a series of 
disjointed facts with little conceptual 
framework. Consequently, comparative 
analysis is difficult. A comparative ap¬ 
proach to the biology of protozoa is 
wanting, and there is very little phyletic 
or evolutionary speculation, 

Unfortunately, the book contains many 
errors, including the misclassification and 
presentation of the kinetoplastid flagel¬ 
late Cephalothamnium in a discussion of 
the chrysomonad family Ochromonad- 
ida e.—James D, Berger, Zoology, Uni¬ 
versity of British Columbia 

Developmental Biology. Leon W. 

Browder, 602 pages. Saunders Col- 

lege/HRW, 1980. $25.95. 

The teacher of a course in develop¬ 
mental biology is faced with several 
choices: whether to base the course on the 
classical literature, which stresses mor¬ 
phology; or on the more modern ap¬ 
proach, which uses the tools of cell biolo¬ 
gy, biochemistry, and genetics; or on the 
development of a particular group of or¬ 
ganisms (e.g., echinoderms, amphibians, 
birds), This text combines the first two 
approaches and, for the most part, suc¬ 
ceeds quite well in presenting the complex 
and often confusing field of embryology 
in a nicely organized manner. The book is 
most certainly aided toward this goal by 
the many fine supporting illustrations. 
These include, but are not limited to, 
scanning electron micrographs and 
“pseudo” three-dimensional drawings 


The Orchids: Natural History and 
Classification. Robert L. Dressier. 332 
pp. Harvard University Press, 1981. 
$27.50. 

The orchid family is very large and di¬ 
verse, constituting between 10% and 14% 
of the species of flowering plants. As 
indicated by the inordinately high num¬ 
ber of undescribed species found in any 
recent intensive collection of plants from 
tropical forests, many species remain to 
be discovered. Dressier conservatively 


approach 20,000. In spot-checking his 
numbers for groups I know well, I find 
that be has in each case underestimated 


A major problem confronting workers 
in the orchids has been to organize this 
numerous and diverse assemblage so as to 
make the units and subunits comparable, 
Attempts at subdivision of the supra- 
generic levels have tended to fail, pri- 


with the features of the members of the 
family as a whole, Dressier has spent more 


lation and organogenesis, for example, It 
is my experience that students find it ex¬ 
tremely difficult to convert in the mind a 
two-dimensional image obtained from a 
slide into the three-dimensional image of 


cess quite well. Furthermore, I like the 
fact that several chapters are devoted to 
plant development, a process often over¬ 
looked in texts. 

My main criticism is that the first four 
chapters, roughly 25% of the text, are de¬ 
voted to a review of the basic concepts of 
genetics and cell biology, especially when 
the author, in the Preface, states that the 
book has been designed for upper-level 


from representatives of the majority of 
the genera in the family. His experience 
is brought together and made available for 
use by others in this book. 

The book provides an immense amount 
of information concerning the groups of 
orchids, their distributions, relationships, 
pollinators, chromosome numbers, and 
genera, It also provides keys and biblio¬ 
graphical references, including available 
orchid floras; 

I found the book to be a little shallow on 
the side of natural history, but what is 
given is excellent. With the recent ad¬ 
vances in studies of the physiology and 
phytosociology of epiphytes, however, 
more depth might have been expected. 
The Orchids is an excellent treatment of 
a broad and difficult subject, It should be 
well received by advanced orchid en¬ 
thusiasts and will be considered a classic 
by workers in the field .-Calaway H. 
Dodson, The Marie Selby Botanical 
Gardens, Sarasota, FL 


The Mystery of Migration. Robin 
Baker, ed. 256 pp, Viking Press, 1980, 
$29.95. 

The migrations, or movements, of ani- 


fmally man himself. The treatment is 
superb. The text is clear and to the point, 
with minimal jargon. The color diagrams 
and photographs are quite simply the best 
I have every seen in any book. Examples 
from all over the globe are well chosen and 
explained succinctly. Techniques for 
studying movements are explained dearly 
with photographs so that the reader can 
understand the source of the data. If mi¬ 
gration simply means movement, as 
Baker contends, almost everything an 
organism does can be discussed under 
migration. The result is an excellent book 
on natural history. The single frustration 
is that there are no references given for 
any of the studies discussed; in fact, ex¬ 
cept in the chapter on bird migration, no 
scientists are named, even when pictured 
in photographs. The reader who wishes to 
follow up on some of the material will be 
able to refer to Baker’s The Evolutionary 
Ecology of Animal Migration (1978) for 
details. The present book is a splendid 
work for general readers of natural his¬ 
tory. It condenses a great deal of infor¬ 
mation into a very few pages. Put it on 
your Christmas list .—Charles J. Krebs , 
Zoology, University of British Co¬ 
lumbia 

Conservation Biology: An Evolution¬ 
ary-Ecological Perspective. Michael 
Soule and Bruce Wilcox, eds. 395 pp, 
Sinauer Associates, 1980. $14.95 
paper. 

It is really too bad that the title of this 


to place it, unread, among the plethora of 
similar-sounding titles which cram an 


who get a somewhat queasy feeling when 
our students ask about the social rele- 


--- VI GWIUgy 

would do well to read this volume, square 
our shoulders, and incorporate the ma- 


material from Ricklefs or McNaughton 
and Wolf. 

This book is actually what its title 
promises. It is a compilation of scholarly 
viewpoints from a gratifying diversity of 
talented scientists (not just ecologists), all 
focusing on a single topic (see title!), and 
as such, it is by far the best treatment of 
this subject I have seen. There is a timely 
emphasis on our fast-disappearing trop¬ 
ical habitats, unusual and refreshing 
emphasis on quantitative aspects (e.g., 
conservation genetics), and throughout an 
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modern theory, and applied problems. 
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historians from the time of Aristotle, and 
an amazing amount of descriptive detail 

■ -v " - jt~" r *~ i '* v ' jiavi J about movements has been discovered 

Iwim ^ CeZnTfhl 8 beg ™ i '!! last century. Robin Baker, with 
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DOOK. y et am still attracted to its format, tifically frustrating. 
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the concessions inherent in this type of 
approach.—Roger D. Sloboda, Biological 
Sciences, Dartmouth College 


ten chapters on individual groups from 
the plants and ipvertebrates to the 
aquatic mammals, land mammals, and 
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ime sourcebook. The references are put 
together in a single bibliography instead 
of being chopped up and put at the ends 
of the chapters. Better yet, it is well 


p- PlUVlCie 

the nucleus for a course—preferably a 
seminar, so that discussion can be en¬ 
couraged. 


T is that among the absolute requirements 
j for the sound practice of conservation are: 
j (1) sufficient funding, (2) active partici- 
f pation by basic scientists, and (3) dis- 
■T semination of accurate and useful infor- 
| illation so that money and talent will be 
I well spent. There is a deplorable paucity 
1 of the first item, but this book represents 
: ■ an admirable step in providing the second 
i and third. It is a fine model for (one can 

■ hope) future efforts of this kind,—L. E. 
i Hurd, Life Sciences, University of Del- 
| aware 

4 

j Organization for Radiation Protec¬ 
tion: The Operations of the ICRP and 
NCRP, 1928-1974. Lauriston S. Taylor, 
j 2,000 pp. (unpaged). DOE/TIC-10124. 

4 Springfield, VA: National Technical 

Information Service, U.S. Department 
of Energy, 1979. $25. 

This historical presentation of the ev- 

■ olution of national and international ra- 
! diation safety programs is quite extensive, 

: as would be expected for the time span 

■ involved. Indeed, although the title indi- 
‘ cates coverage from 1928 to 1974, some of 

the most interesting aspects are in the 
discussion of the early recommendations 
made in Europe and the United States 
- during the period from 1895 to 1928. 

| The early actions by professional so- 
cieties in Great Britain, Norway, and the 
: United States resulted in-the adoption of 

; recommendations for radiation standards, 

; equipment, and safety procedures for the 
; users and patients as early as 1916. 
i Probably the surest indication that in¬ 
adequate research and effort were di- 
v reeled toward the problems of ionizing 
; radiation in the early years is the fact that 
;! the efforts in this direction between 1895 
and 1946 comprise considerably less than 
10% of the book. 

The book will be of particular value to 
any group that is involved in establishing 
regulations and regulatory programs. 
Taylor has given significant insight into 
; the thinking, differences of opinion, and 
• compromises reached within the various 
. committees, by including correspondence, 
summaries of discussions and meetings, 

; and the differing opinions of scientists 
before recommendations were adopted by 
j the two committees. Such information, 
which is not available in the official pub- 
: 1 ica tions of ICRP and NCRP, gives insight 

into similar current problems confronting 


T recommendations. 

The book will be valuable also to indi- 
j viduals who are preparing to pursue a 
i career in radiation health and safety. It 
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schools that include teaching programs 
involving ionizing radiation safety, stan¬ 
dards, and procedures. 

One striking fact which is accented 
throughout the book is the continuing 
need for defining hazards, biological ef¬ 
fects, methods of providing radiation 
protection, and recommendations for 
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maximum permissible dosage levels for 
the newer high-energy radiation equip¬ 
ment and emissions, as the fields of ra¬ 
diation physics, biomedical radiation 
usage, and industrial radiation applica¬ 
tions progress .—Aaron P. Sanders, Ra¬ 
diobiology, Duke University Medical 
Center 

The Incidence and Economic Costs of 
Major Health Impairments: A Com¬ 
parative Analysis of Cancer, Motor 
Vehicle Injuries, Coronary Heart Dis¬ 
ease, and Stroke. Nelson S. Hartunian, 
Charles N. Smart, Mark S, Thompson, 
420 pp. Lexington Books, 1981. 
$34.95. 

Our medical care system is geared to 
acute disease—its prevention, diagnosis, 
and treatment. But the major medical 
problems are those of chronic disease and 
its effects on functional ability, Acute 
disease is more dramatic in its presenta¬ 
tion, treatment, and cure, whereas chronic 
disease is noted by its slow progression; 
often decades pass before manifestations 
are evident. The costs of chronic disease 
are slow to develop and are spread over 
many years, By contrast, the costs of acute 
disease are high over a short period of 
time, but quickly decline as the affected 
person recovers and returns to normal 
activities. The hospital bill, wages fore¬ 
gone, and other expenses, while high 
during the acute illness phase, are finite 


and relatively easily discerned. The costs 
of chronic disease are not as easy to de¬ 
fine. They accumulate over many years 
and include not only the cost of treating 
the illness, but also the costs of life-style 
disruption and functional impairment 
that usually continue until death. 

Hartunian, Smart, and Thompson 
dramatically show the enormous long¬ 
term costs associated with three diseases 
(heart disease, cancer, and stroke) plus 
those associated with motor vehicle acci¬ 
dents. Heart disease manifestations usu¬ 
ally become evident in late middle age, 
while cancer and stroke appear in old age. 

On the other hand, motor vehicle acci¬ 
dents occur mainly when people are in 
their late teens and early twenties and, 
along withhomocide and suicide, account 
for the majority of deaths in this age 
group. 

Up to now a study by Dorothy Rice, 
Estimating the Cost of Illness (1966), has.| 
been the standard against which all otheij 
cost-of-illness studies were measured. Thm 
Incidence and Economic Costs of Ma JOT 
Health Impairments is a new standa « 
that has advanced the art along all fMjjg 
developing the methodology and wedd jjlj 
disaggregated cost and illness statistic^ 
which is really the combining r.f econom¬ 
ics and epidemiology. ]§S|| 

This book has boxed the Compaq 
leaving out little of impiinance The j 
m> lefpresented s applicable io all difw 
eases and to the cost effects of these cjj$Aj 
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eases on every facet of life, including work 
loss, life-style changes, and familial dis¬ 
ruptions—all the direct and indirect costs 
that the person, the family, and society 
bear in dealing with an illness ,—Bernard 
S. Bloom, Philadelphia Veterans Ad¬ 
ministration Medical Center, University 
of Pennsylvania 

Lead in Man and the Environment. J. 
M, Eatcliffe. 240 pp, Halsted Press, 
1981. $75.95. 

This concise, yet comprehensive, clear 
review of the problem of lead toxicity in 
man, especially in the United States and 
United Kingdom, is illustrated by nu¬ 
merous curves, tables, and electron mi¬ 
crographs. The book is divided into two 
sections: “Health Effects of Lead and 
Their Evaluation" and "Sources of Lead 
in Man and Their Control.” Medical data 
as well as environmental studies are de¬ 
scribed in detail. Considerable space is 
devoted to lead poisoning in children, the 
most serious of the health effects of 
lead.—Virginia C. Littau, Cytology, 
Rockefeller University 

Annual Review of Neuroscience, Vol. 
4, W, Maxwell Cowan, ed. 556 pp. An¬ 
nual Reviews, 1981, $2Q, 

Neuroscience as a distinct discipline 
represents the recent regrouping of sci¬ 
entists trained for the most part in such 
traditional fields as anatomy, biochem¬ 
istry, pharmacology, physiology, and 
psychology who share the desire to un¬ 




behavior. This diversity of training and 
approach among neuroscientists, as well 
as the nature of the research questions 
they ask, has led to a blurring of tradi¬ 
tional disciplinary boundaries. 

Review articles, then, in addition to 
setting current, work in the context of 


varied areas of expertise. Cowan, with 
associate editors Zach Hall and Eric 
Kandel, has added a fourth volume to a 
series that has become indispensable to 
the neuroscientist, With the help of an 
organizing committee, the editors have 
brought together another collection of 
well-written, thoughtful, and concise es¬ 
says. Besides summarizing recent work, 


tations and syntheses. The chapters cover 


an excellent group of reviews on the neu¬ 
romuscular junction, with emphasis on 
sprouting (Brown et al.), development 
(Dennis), and myasthenia gravis 
(Drachman). Others of the 15 chapters 
deal with the calcium channel (Hagiwara 
and Byerly), the enteric nervous system 
(Gershon), and sleep disorders (Weitz- 
man). Notably, Roger Sperry presents a 
difficult but intriguing chapter entitled 
'Changing Priorities," which resists ef¬ 
forts at summary. 
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These highly readable reviews not only 
inform the reader but invite him to share 
in speculation on how the experimental 
problems so dearly posed will be 
solved .—Paul B. Farel, Physiology, 
University of North Carolina School of 
Medicine 


Serologic Analysis of Human Cancer 
Antigens. Steven A. Rosenberg, ed, 712 
pp. Academic Press, 1980. $45. 
Natural Cell-Mediated Immunity 
against Tumors. Ronald B. Herber- 
man, ed. 1321 pp, Academic Press, 
1980. $65. 

For many years, a major avenue of 
cancer research has been to explore the 
mechanisms by which the host resists 
growth of the tumor, The guiding hy¬ 
pothesis of such work has been termed 
“immune surveillance." According to the 
surveillance hypothesis, all tumors would 
bear cell-surface molecules distinct from 
those found on normal tissues, termed 
tumor-specific antigens, The immune 


reject the tumor. This is indeed rather 
easy to demonstrate in studies of trans¬ 
plantable tumors in experimental ani¬ 
mals, but it has been more difficult to 
confirm the surveillance hypothesis for 
spontaneous tumors arising in man or in 
experimental animals. These two books 
approach this problem in radically dif- 


ized cells found in all individuals. This 
approach is the subject of the massive 
volume Natural Cell-Mediated Immu¬ 
nity against Tumors. This book, heroic in 
size, will be of great value to anyone in this 
field, as it is current, represents the find¬ 
ings of most of the laboratories actively 
engaged in studying natural immunity, 
and is extremely well organized and pre¬ 
sented. Each section contains papers from 
a variety of laboratories, summarized at 
the end by the editor. These summaries 
are especially useful, in that they state 
areas of wide agreement and highlight 
problems where information is either 
conflicting or simp jy unavailable. 

In a way, these two books reflect the 
current sense of many investigators of the 
status of immune surveillance—namely, 
that specific, adaptive immune responses 
to tumors play little role in surveillance, 
while natural cell-mediated immunity is 
critical. Whether this will indeed prove to 
be true or whether adaptive immunity will 
again be seen in the future as a key form 
of defense against tumors awaits much 
further study .—Charles A. Janeway, Jr ., 
Pathology, Yale University Medietil 
School 


Serologic Analysis of Human Cancer 
■Antigens is a compendium of results from 
studies in a limited number of laborato¬ 
ries attempting to demonstrate tumor- 
specific antigens on human tumor cells by 


or found in serum of cancerpatients, The 
book is organized by tumor type. Unfor¬ 
tunately, in several instances, all the pa¬ 
pers on a particular tumor type emerge 
from a single group, so that it is difficult 
to separate solid fact from firmly held 
belief. None of the data presented are so 
overwhelmingly convincing as to give rise 
to optimism about this approach to un¬ 
derstanding the host response to tumors, 
Especially disappointing at the present 
time is the fact that only one paper fo¬ 
cuses on monoclonal antibodies to define 
tumor antigens; this is a glaring omission 
in a field in which the major problems 
appear to be with low titer antibodies 
contaminated by other antibodies to 
normal tissue determinants, The book 
ends with a summary of techniques used 
by the authors for detecting serological 
reactions, and this section would be of 
value to anyone wishing to enter the field 
and duplicate results. 


Vitamins and Hormones, Vol. 38. Paul 
L. Munson, Egon Diczfalusy, John 
Glover, Robert E. Olson, eds, 387 pp. 
Academic Press, 1980. $42. 

Written by scientists in six countries, 
the 38th book in this series exemplifies 
the internationalism of science, Five 
chapters cover specialized fields of en¬ 
docrinology; the sixth deals with the 
mechanism of action of a vitamin that, in 
some features, resembles the steroid 
hormones. 

Ganguly and his colleagues review the 
evidence of the effects of deprivation of 
vitamin A on animal tissues, particularly 
epithelium, and the relationship between 
this vitamin and estrogen-induced cell 
proliferation and differentiation. The 
mode of transport of steroid hormones 
and their influence on gene expression is 
reviewed and compared with analogous 
mechanisms of retinol. 

In a well-organized, comprehensive 
chapter on the action of aldosterone in 
target epithelia, Marver presents the ev¬ 
idence for the physiological role of the 
mineralocorticoid cytopolasmic receptor; 


. , - .3 is based on 

the classical notion of the immune re¬ 
sponse as a specific, adaptive response to 
antigenic challenge. Recently, a new ap¬ 
proach to surveillance has emerged, in 
which resistance to tumors is seen as a 
naturally occurring property of special- 


increased synthesis of RNA, citrate syn¬ 
thase, and other proteins; and for the 
relation of aldosterone to end-organ re¬ 
sponsiveness to ADH. Among the other 
topics are the effect of aldosterone on 
cation secretion, its indirect role in the 
regulation of renal Na + K + -ATPase, its 
interaction with the synthesis of flavin 
enzymes, and antagonists to its action. 

Adams’s outstanding chapter on thy¬ 
roid-stimulating. autoantibodies begins 
with the history of research in thyroid 
physiology that led to the discovery of 


I.ATS (long-acting thyroid stimulator), 
its relation to human disorders, the 
demonstration of a LATH protector, and 
the cross-tissue reacting TSaab (thyroid 
stimulating antibodies). Theories of 
cross-tissue reactivity in the pathogenesis 
of cither autoimmune diseases are dis¬ 
cussed. 

Advances in the knowledge of the role 
of cyclic nucleotides, particularly AMP, in 
the regulation of the rates of secretion of 
parathyroid hormone and calcitonin, and 
the mechanism of action of these hor¬ 
mones in bone and in the kidney are out¬ 
lined by Brown and Aurbach. It is an ex¬ 
cellent review of the present incomplete 
state of the art and indicates where fur¬ 
ther research is needed. 

Schally, Arimura, and Coy contribute 
a chapter of great political and socioeco¬ 
nomic as well as physiological importance, 
As experts in the field of fertility control, 
they present the recent advances in 
knowledge of the control of the secretion 
of pituitary lh and F»SH hy the hypotha¬ 
lamic gonadotropic-releasing hormone, 
I.H-RH, using inhibitory analogs, deriv¬ 
atives, and LH-RH antisera, all of which 
result in suppression of its action, They 
point out the need for further basic and 
clinical research, using this approach, in 
order to develop contraceptives free of 
side effects for both females and males. 
They predict that a solution is within 
reach in the foreseeable future, 

Dorner’s chapter on sexual differen¬ 
tiation of the brain will elicit the most 
comment. He attempts to explain homo¬ 
sexual behavior in the human species on 
the basis of observations of effects oil 
behavior in the rat of castration, experi¬ 
mental hypothalamic lesions, hormone 
implants in the brain, serotonergic inhi¬ 
bition and adrenergic stimulation, and 
hormone-induced differentiation of go¬ 
nadotropin secretion. His hypothesis that 
inappropriate prenatal androgen levels 
induce discrepancies between genetic sex 
and sexual behavior in adult life is not 
only unsupported by the evidence but is 
highly controversial, as is all so-called 
sociobiology. 

This volume is a valuable addition to 
the series, interesting to endocrinologists 
in general and essential for specialists in 
the particular fields covered ,—Anne M. 
Briscoe, Medicine, Harlem Hospital 
Cen ter, Columbia University College of 
Physicians and Surgeons 

Neural Development, Part 1: Emer¬ 
gence of Specificity in Neural Histo¬ 
genesis. R. Kevin Hunt, ed. Current 
: Topics in Developmental Biology, 15. 

427 pp. Academic Press, 1980. $34, 

Neurobiological studies have expanded 
enormously over the past few years and it 
would be impossible for any limited series 
. of articles to cover the field. In this sit¬ 
uation the usefulness of a volume and the 
’ ■. enthusiasm with which it will be read 
depend very much on the choice of topics 


and authors. This volume, the first of 
three edited hy Hunt with the aim of 
providing a panoramic overview of de¬ 
velopmental neurohiology, is successful 
in that the selection of material by leading 
investigators is likely to he of wide inter¬ 
est. The book sets the theme for the 
ensuing volumes hy introducing some of 
the main experimental systems at present 
being investigated. This volume will he 
required by libraries covering neurobiol- 
ogy, and probably many individuals will 

want their own copies as well.. R. M. 

Uazr, National Institute (or Medical 
Research, London 


Doxorubicin: Anlieancer Antibiotics. 

Federico Arcamone. Medicinal Chem¬ 
istry, 17.309 pp. Academic Press, 1981. 

$49. 

Doxorubicin, formally known by its 
generic name of adryamycin, has quite 
wide use in cancer chemotherapy, al¬ 
though severe problems of cardiomyopa¬ 
thy can occur. This hook reviews the 
chemistry and biochemistry of doxoru¬ 
bicin in the hope that, with an improved 
understanding in these areas, new analogs 
with greater efficacy mid less toxicity may 
he developed. 

The chapters are generally well illus¬ 
trated, helping the reader through com¬ 
plex chemistry, and well referenced with 
the literature through 1979. Detailed ac¬ 
counts spanning several chapters are 
given on the chemical synthesis of doxo¬ 
rubicin. .Several analogs in both the an- 
thraeydhume and amino sugar moieties 
are similarly discussed. 

'The chapter on “.Studies with Living 
Systems," while thorough, is less critically 
written than others. Home of tin; problems 
relating to the long-term prospects for the 
use of this type of drug in cancer chemo¬ 
therapy are not adequately considered. 
The hook, however, clearly represents an 
important contribution to medicinal 
chemists interested in tltis class of 
drug. A/un M. Jeffrey, Pharmacology 
and Environmental Sciences, Columbia 
University 


Toxicants and Drugs: Kinetics and 

Dynamics, Ellen J. OT’laherty. IlSIHpp, 

Wiley, 1981. $42.50. 

Tliis well-writ ten hook contains an in¬ 
teresting mixture of classical pharmacti- 
kincties, quantitative pharmacodynamics, 
and biochemical kinetics, with applica¬ 
tions in these areas and in environmental 
toxicology, The author’s slated purpose 
is “to bridge the gap between pure math¬ 
ematical theory, at the one extreme, and 
the indiscriminate application of simple 
standard models to data they may not 
adequately describe, at the other." She 
describes the material as "suitable for 
graduate or advanced undergraduate 
students in pharmacy, pharmacology, 
toxicology, or industrial medicine," l agree 


that the author achieves her purpose, but 
I do not agree that the book is suitable as 
a text for pharmacy and pharmacology 
students, since it ignores the application 
of pharmacokinetics to dosage regimens 
or schedules, as well as essentially all of 
clinical pharmacokinetics. 

The first of the eight chapters reviews 
algebraic relationships and calculus at a 
very elementary level, Chapter 2, sur¬ 
prisingly, deals with saturable systems, 
since “somewhere in every simple first- 
order model lurks at least one step that is 
potentially saturable." Chapter 3 is 
analogous to classical linear pharmaco¬ 
kinetics. Chapter 4 deals with acute ex¬ 
posure and nonlinear and mixed kinetics 
of disposition, Chapter 5 with the plateau 
principle following chronic exposure, and 
Chapters 6 through 8 are concerned with 
receptor theory and effect and response- 
time relationships. 

There are very few typographical errors 
hul, unfortunately, a number of theoret¬ 
ical errors. Among examples of misleading 
or partially erroneous statements are the 
following; (1) The first order rate constant 
is AD/Vdx, not Ad/dx (p. 83); (2) Elec¬ 
trolytes diffuse through membranes both 
as ions and us un-ionized molecules, not 
just as un-ionized forms (p, 91); (3) The 
sigma minus method to estimate the as- 
ymtote of a first-order process (pp. 
105 -106); (4) Co may be always less than 
Cj, rather than always larger than Ci, in 
the two-compartment open model with 
bolus input and the log-linear phase (p, 

120).. John G. Wagner, Pharmacy and 

Pharmacology, University of Michigan 


Behavioral Sciences 


Lucy: The Beginnings of Humankind. 
Donald 0. Johnnson and Maitland A. 
Kdey. 409 pp. Simon and Schuster, 
1981, $16.95. 

The story of earliest human origins has 
centered on East African work for the last 
two decades, after Olduvai Gorge revealed 
t he presence of early hominids in 1959. 
This book provides an update of human 
paleontological studies in East Africa. It 
gives an informative and comparative 
review of the significance of the highly 
productive regions of East Rudolf in 
Kenya, Olduvai Gorge and Laetoli in; 
Tanzania, and Onto and Hadar in Ethio¬ 
pia, with particular emphasis on Hadaq 
since that is Johansen’s area of expert™ 
Each area is known to have contribute|| 
the study of human paleontology* 
unique, although different ways,!* 
Hadar shines forth as contributing* 
dunce of a very early grade of human* 
elution, representing the time potH 
around 3 to 3.7 million years 3M|I 
dition, it has provided the mosUQri BM 
skeleton of an early lunninid c kgj M 
Lucy, and has yielded io$sR\§M 
which appear to represent a single ptpf 
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lation unit, contemporary in space and 
time. 

The last two-thirds of the book is de¬ 
voted to telling the story of the Hadar 
finds, during which Johanson, along with 
the French geologist Maurice Taieb, who 
introduced him to Hadar, emerge as cat¬ 
alysts. The narrative begins by providing 
the setting for the finds of the Hadar 
hominids and then describes their dis¬ 
covery and the emotions accompanying 
this event. As a member of the 1975-76 
expedition, I was present during the time 
these extraordinary discoveries were 
made, and I can attest to the incredulity 
and exhilaration felt. The story continues 
with an account of the procedures of 
analysis and interpretation of the mate¬ 
rial, with an entire chapter devoted to a 
description of the means by which the 
fossils have been dated. 

The “you are there” replay narrative 
continues with a look at what is done after 
finding the data. Expressed here are the 
uncertainties that most scientists must at 
some time feel when confronted with in¬ 
formation that has never been described 
or analyzed. The burden of the responsi¬ 
bility for analysis can weigh very heavily, 
as seen in Johansen's recounting of the 
1973 knee-joint find. The uncertainty and 
fear of being wrong loom larger in science 
than most scientists might care to admit, 
and Johanson is to be admired for his 
frank personal expose. Yet the admiration 
fades as he uses this approach in reference 
to certain of his colleagues. 

Jn order to position the Hadar finds 
with respect to other hominid material, 
the authors set out a broad interpreta¬ 
tion of hominid evolutionary relation¬ 
ships. In doing so they present a family 
tree which illustrates evolutionary rela¬ 
tionships that disagree with several other 
theoretical positions. Only one of these 
alternative positions, the “Leakey” school 
of thought is debated, and it receives a 
central focus in the book (indeed it be¬ 
comes a focus for extended and overem¬ 
phasized controversy). Such overemph¬ 
asis of their differences comes across too 
obviously as a popularizing device. 

The book will appeal both to the gen¬ 
eral reader and to the scientist; although 
written in a semi-popular style (Edeyis an 
experienced science writer), it includes a 
great deal of scientific information. Its 
major contribution, however, lies in re¬ 
lating the story of the discovery and 
analysis of an amazing sample of fossil 
hominids that may very well represent the 
earliest evidence of humankind.— Becky 
A. Sigmon, Anthropology, University of 
Toronto 


Missing Links: The Hunt for Earliest 
Man. John Reader. 272 pp. Little 
Brown, 1981. $19.95. 

Of the individuals who are given pri¬ 
macy in this selective history of paleoan¬ 
thropology, virtually all are or were En¬ 


glish-speaking subjects of the British 
Commonwealth, except where inclusion 
of non-British subjects was unavoidable. 
Many are connected with the Leakey 
family of Kenya, an emphasis that may be 
explained by the influence of Mary 
Leakey in the preparation of the book (p. 
244). 

In the Neanderthal section, which is 
relatively brief, no mention is made of 
Schwalbe, Hrdlicka, Weidenreich, Sergi, 
or von Koenigswald, although Boule is 
mentioned. Little is said of American and 
Continental skepticism toward Piltdown 
and of how this affected more rapid ac¬ 
ceptance of Australopithecus africanus. 
The American W, K. Gregory, who first 
strongly supported this position begin¬ 
ning in 1930, is not mentioned, whereas 
the 1947 publication of Australopithecus 
as hominid by Le Gros Clark of Oxford is 
considered definitive. The book discusses 
the Omo Research Expedition to southern 
Ethiopia in only one place and then only 
as a training ground for Donald Johanson, 
thus missing its importance as a multi¬ 
disciplinary effort toward solving 
paleoanthropolgical problems, e.g., the 
dating of the kbs Tuff. The “single 
species hypothesis” is touched upon, but 
the Americans Brace and Wolpoff, who 
developed it, and the subsequent devel¬ 
opment and testing of the hypothesis are 
not discussed. The significant discoveries 
of the Frenchman Arambourg in North 
and East Africa and of the American 
Howell are not included, Louis Leakey’s 
early hypothesis for discovering giant 
hominids at Olduvai is mentioned but not 
the influence of Weidenreich’s theory of 
gigantism in early hominid evolution. 

The book is historically naive, because 
it deals with the history of paleoanthro- 
pological thought primarily through ref¬ 
erence to the discoveries of hominid re¬ 
mains, and not to the effect of these dis¬ 
coveries on theory and interpretation. 
This^ seems to be a common misappre¬ 
hension of the lay public—that the fossils 
themselves are all-important and their 
context relatively immaterial. In fact, the 
recent history of the field demonstrates 
that this state of affairs is becoming less 
and less characteristic. Geological, geo- 
chronological, sedimentological, paleon¬ 
tological, and paleoecological researchers 
have now become essential in paleoan¬ 
thropology. I cannot agree with Reader 
that “the science has been dominated by 
ambitious individuals and has advanced 
as much by the force of argument as by 
the strength of the evidence, and as much 
by the lure of the treasure hunt as by the 
discipline of science.” 

What the book does, however, it does 
well. The chapters on the discoveries and 
discoverers are well researched, well 
written, and superbly illustrated. The 
author avoids some of the historical 
cliches that have become part of 
paleoanthropological folklore. He 
suggests why Dart’s 1925 claims for Aus- 
tralopithecus africanus were viewed 


cautiously, a more responsible treatment 
than that portraying Dart as a lone 
prophet. In fact, many of Dart’s state¬ 
ments were undemonstrable until further 
collections were made by Robert Broom, 
notwithstanding his inspired initial in¬ 
terpretation. Reader also avoids a lengthy 
discussion of the identity of the culprit in 
the Piltdown affair, and his consideration 
of Keith’s opinions on the fossil is well 
developed. 

As David Pilbeam notes in the Preface, 
Robert Broom emerges as a hero. The 
accolade is merited, in my opinion, even 
though Broom has been criticized in some 
quarters for his excavation techniques— 
blasting with dynamite. But as Reader 
points out, innumerable australopithecine 
fossils must have been lost in the lime 
kilns before Broom’s intercession saved 
what is now known. 

The book is a better popular introduc¬ 
tion to paleoanthropology than several 
now on the market. Its main shortcomings 
are its limited research base, causing se¬ 
rious omissions, and its naive theoretical 
and historical generalizations. Most of 
what is written is accurate, although a 
geological time chart appended to the 
back shows the Miocene ending at 7 my 
BP and the Pleistocene beginning at 2 my 
BP. In addition to its popular appeal, the 
book might even find some use in uni¬ 
versity seminars, but only with careful 
critical scrutiny and recourse to original 
references, Reader provides a brief foot¬ 
noted bibliography for each of the chap¬ 
ters. Even with its shortcomings I would 
recommend the book for the intrinsic in¬ 
terest of its subject matter and its artful 
photographic presentation.— Noel T. 
Boaz, Anthropology, New York Univer¬ 
sity 

Rock Shelters of the Perigord: Geo¬ 
logical Stratigraphy and Archaeological 
Succession. Henri Laville, Jean-Phi- 
lippe Rigaud, James Sackett. Studies 
in Archaeology. 371 pp. Academic 
Press, 1980. $29.50. 

The deeply dissected limestone plateau 
country of southwest France, rich in rock 
shelters inhabited by prehistoric man, has 
been for over a century the scene of in¬ 
tensive archaeological study and, for the 
past quarter-century, a testing ground for 
the development of new techniques for 
deriving chronological and climatic in¬ 
formation from the study of rock shelter 
sediments. The Perigord is a “classic” 
area for the study of late Pleistocene man, 
because the abundant data from several 
scientific disciplines permit a very tight 
control of temporal sequence, a prerequi¬ 
site to the examination of the more 
broadly interesting questions of human 
ecology and culture change. 

This volume is a long-awaited and very 
welcome addition to the English-language 
literature on Pleistocene geochronology, 
paleoenvironment, and prehistory. The 
result of the collaboration among a sedi- 
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:| mentologist (Laville) and two Paleolithic 
| archaeologists (one French and one 
1 American) is an authoritative treatment 
| of their subject that will serve for many 
| years as the standard reference work in 
| English on both methodology and sub- 
| stance. 

1 The book is divided into two parts, 
| which can and will be used independently 
s by different audiences. Part 2 is a con- 
I densed but lucid introduction to the 
| theory and method of the study. It is an 
j excellent “short course” in the relevant 
I techniques and terminology of rock shel- 
| ter sedimentology, French Paleolithic 
| archaeology, and (much more briefly) the 
| necessary auxiliary disciplines, such as 
I palynology. Part 2 is the application, 
| through detailed case studies, of the 
| techniques explained in Part 1. Its geo- 
I logical scope is roughly the last 200,000 
| years of the Pleistocene epoch (from the 
I later Lower Paleolithic through the Upper 
; Paleolithic in archaeological terms), and 
I it provides section drawings and detailed 
? phase-by-phase treatments of the geo- 
i. logical and archaeological successions at 
I many of the most important rock shelters 
1 of the Perigord, such as LeMoustier and 
' Laugerie-Haute. 

| Although most of the information in 
1 both parts of this volume has been pub- 
f lished previously, it is scattered in many 
specialized works and it is almost entirely 
in French. The great value of this volume 
' is the window it opens for readers to 
j whom the French literature is inaccessi- 
| ble, both general scientific readers inter- 
| ested only in the method and theory and 
J readers interested in the substantive data 
I from the Perigord.— Harvey M. Bricker, 
; Anthropology, Tulane University 


Aleuts: Survivors of the Bering Land 
Bridge. William S. Laughlin. Case 
Studies in Cultural Anthropology. 151 
pp. Holt, Rinehart and Winston, 1980. 
$5.95 paper. 

As the largest single corpus of infor- 
| motion published on the people of the 
Aleutian Islands by this author—their 
lifelong student—this book merits at¬ 
tention. It provides useful summaries of 
’ ancient and modem village life, dialect 
distribution, and history, and for a work 
in this series of publications, it is unusu- 
ally strong on prehistory, biology, and 
■ demography. Of concern to readers to 
whom the information is not already 
l partly familiar will be the lack of a real 
j beginning, for the book is virtually all 
middle, with almost every chapter nec- 

I essary to the understanding of every 
other, regardless of the order of presen¬ 
tation. Particularly rewarding is the syn¬ 
thesis of data on the period of Russian 
occupation; less so is the model of Alaskan 
and Aleutian prehistory—already famil¬ 
iar from Laughlin’s other works, and not 
accepted by all Alaskan prehistorians— 
and still less the organization of demo¬ 


graphic data, which is seriously flawed by 
the equation of population pyramids and 
survival curves, and by the cross-sec¬ 
tioning of mortality data to compute life 
expectancy, in a population demonstrably 
declining in numbers.— Don E. Dumond, 
Anthropology, University of Oregon 


Florida Archaeology. Jerald T, Milan- 

ich and Charles H, Fairbanks. 290 pp. 

Academic Press, 1980. $19.50. 

The Academic Press has become known 
in archaeology for publishing the new, 
problem-oriented research. It is redress¬ 
ing the balance by developing a series 
entitled “New World Archaeological 
Record” to handle the old, historically 
oriented research. This book, the first in 
the series, is organized chronologically 
and gives a simple, straightforward ac¬ 
count of the peoples and cultures of each 
period. In dealing with the historic period, 
however, it omits the peoples of European 
and African descent, who are currently 
the subject of intensive archaeological 
study. The junior author pioneered this 
kind of study, and it is disappointing that 
the book does not take advantage of his 
knowledge and experience. Subsequent 
books in the series are to include Prehis¬ 
toric Hunters of the High Plains , The 
Archaeology of Hew England, and Great 
Lakes Archaeology,—Irving House, An¬ 
thropology, Yale University 


The Environment in British Prehis¬ 
tory, I. G, Simmons and M. J, Tuoley, 

eds. 834 pp. Cornell University Press, 

1981. $84,50, 

This excellent book provides a concise 
introduction to British prehistory, pre¬ 
sented within a paradigm of environ¬ 
mental context. The first chapter ('I'oo- 
ley) outlines methods of reconstruction: 
stratigraphic analysis, palynology, diatom 
study, plant and animal macrofossils, and 
relative and isotopic dating. Five further 
chapters summarize environmental data 
relevant to the major subdivisions of 
British prehistory, giving information on 
climate, soils, sea level, animals and veg¬ 
etation, as well as a discussion of the 
changing landscapes that provided the 
context for the sites of each phase, The 
concluding chapter (Simmons) brings a 
synthetic overview of culture and envi¬ 
ronment, emphasizing differentiation of 
the biotic matrix and human impact upon 
it.' 

The Paleolithic material (Wyraer) in¬ 
cludes maps of the sites documented for 
each glacial and interglacial period, fol¬ 
lowed by a synthesis of preferred site lo¬ 
cations for each period in relation to 
coastal and inland caves, floodplains, lake 
and seashore, or interfluves. The Mesol¬ 
ithic chapter (Simmons, Dimbleby, 
Grigsori) outlines the evidence for the 
early post-glacial rise of sea level, the 
changes in vegetation resulting from for- 
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oat succession and environmental shifts, 
and the surprising, if local, impact of 
Mesolithic people on clearance and soil 
acidification, as well as on faunal com¬ 
munities and their exploitation by people, 
Unfortunately, the archaeological data are 
slim: no maps for sites or charts of site 
contexts are presented, The strongest 
analytical chapter is that dealing with the 
Neolithic period (Smith, Grigson, Hill¬ 
man, Tooley), In eighty-five pages the full 
range of problems concerning Neolithic 
land use, including clearance methods, 
crops, animal husbandry, impact on re¬ 
gional vegetation, and landscape settings, 
is carefully examined and critically eval¬ 
uated, The Bronze Age chapter (Tinsley, 
Grigson), which presents the evidence for 
environmental change, gives detailed 
economic information from the zoqar- 
chaeological data, and develops the dif¬ 
ferential impact of land use in the high¬ 
land and lowland zones. The Iron Age 
material (Turner), focusing on environ¬ 
mental change and human effects during 
the last millennium B.C, and the first 
millennium A.D., is a little less satisfactory 
in its archaeological information. 

All in all, this volume digests a wealth 
of recent data, which makes the formi¬ 
dable British achievement in environ¬ 
mental archaeology accessible to North 
American readers, I recommend that New: 
World researchers take it to heart, in the 
expectation that North American pre- 
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history will profit immensely from such an 
interpretation— Karl W. Butzer, An¬ 
thropology, University of Chicago 

Beyond the Myths of Culture: Essays in 
Cultural Materialism, Eric B. Ross, ed, 
Studies in Anthropology. 422 pp, Aca¬ 
demic Press, 1980. $37, 

This collection of readings is intended 
to rally materialist forces against the on¬ 
slaught of “relativistic and idealistic so¬ 
ciology” and any anthropology in which 
ideals and “culture” supplant behavior as 
the focus of study, Much of it is intended 
to refute Sahlins’s Culture and Practical 
Reason (1976) and to promote instead the 
cultural materialism of Harris, who ex¬ 
plains in the last chapter how social an¬ 
thropology, cultural anthropology, lin¬ 
guistics, and structuralism have been led 
into the ways of politically conservative 
obfuscation by Durkheim, Radcliffe- 
Brown, and Talcott Parsons. 

Ross is quite correct in characterizing 
extreme forms of idealist anthropology as 
fundamentally religious, but it has not 
occurred to him that his own devout ma¬ 
terialism has exactly the same religious 
quality. His introduction reads like the 
manifesto of a materialist Majority, as¬ 
suring us that only by a return to the 
narrow materialist path can anthropology 
hope to save the world, 

Such Manichean views have long since 
proved scientifically unproductive, and it 
is fortunate that the authors of several 
substantial chapters ignore them. Ma¬ 
terialists do indeed give proper weight to 
ecological, economic, and political factors 
that idealists, in pursuit of pure “culture,” 
often ignore. Leeds’s account of the Texas 
hill-country ecosystem is outstanding; 
Mencher and Murray on the economics of 
Indian caste and Haitian voodoo, re¬ 
spectively, /provide good reading, No¬ 
where, however, does the book make clear 
what the theory of cultural materialism is, 
nor does it answer the contention of its 
many critics that, in its dogmatic form, it 
is founded on a functionalist tautology. 
The fact that given behavior responds to 
some material constraint does not prove 
that it was determined by that constraint; 
Marx and Darwin, whom Ross invokes, 
were more aware of this than he .is.— 
Wyatt MacGaffey, Sociology and An¬ 
thropology, Haverford College 

Experiments in Contradiction. Jean 
Piaget, Trans, Derek Coltman. 310 pp. 
University of Chicago Press, 1980. 
$ 22 . 

Once again Piaget opens up a new field 
of psychological research, Experiments in 
Contradiction (an unfortunate rendering 
of the French title Recherches sur la 
contradiction) inaugurates the study of 
the structural causes of cognitive devel¬ 
opment. 

Contradictions, in Piaget’s model, are 
a major source of cognitive development. 


Contradictions result from defective 
identity, nonnecessary inference, incom¬ 
plete compensation, and their interrela¬ 
tions. Defective identities occur when the 
same actions, assertions, or judgments 
sometimes lead to different results, and, 
therefore, their object sometimes changes 
its properties (e.g., when a wheel is fixed 
so that it will roll uphill as well as down¬ 
hill), Nonnecessary inferences are the 
products of false implications or nonco¬ 
herent compositions (e.g., young children 
conclude from “all these squares are blue” 
that “all blues are squares” when pre¬ 
sented with a set of blue squares and red 
and blue circles). 

Incomplete compensations are the 
main focus of Piaget’s analysis, since his 
structural developmental hypothesis is 
that children first structure their inter¬ 
actions by one-directional cognitive acts 
and operations, These nascent cognitions 
can only affirm phenomena even when 
faced with disconfirmations. Since affir¬ 
mations are not yet counterbalanced by 
countervailing negations (e.g., discon- 
firming hypotheses given negative data), 
the inevitable results are disequilibria in 
the structures of cognition. Piaget’s thesis 
is that structural disequilibria are the 
initiating causes of cognitive develop¬ 
ment. 

Many ingenious experiments are re¬ 
ported in this volume on the contradic¬ 
tions generated by children’s cognitions 
about physical and logicomathematical 
phenomena. They provide prime support 
for Piaget’s model of the forms of con¬ 
tradiction and for his equilibration theory 
of development presented more formally 
and fully in the follow-up volume Equil¬ 
ibration of Cognitive Structures . Equili¬ 
bration theory is the first formal and 
structural explanation of cognitive de¬ 
velopment. Together with this important 
empirical research on contradictions, Pi¬ 
aget’s equilibration theory constitutes a 
major advance in understanding and de¬ 
termining the causes of cognitive devel¬ 
opment and learning.—t/onas Longer, 
Psychology, University of California, 
Berkeley 

Aspects of the Development of Com¬ 
petence. W. Andrew Collins, ed. The 
Minnesota Symposia on Child Psy¬ 
chology, 14.270 pp. Lawrence Erlbaum 
Associates, 1981. $19.95. 

As the editor acknowledges in his 
Preface, this volume in a continuing series 
differs from its predecessors in the di¬ 
versity of material reviewed. Although the 
title describes the content accurately 
enough, it fails to convey the varied ways 
in which “competence” is conceptualized 
and studied by the six contributors. Gra¬ 
ham and her colleagues, for example, in 
their quest to understand neurophysiol¬ 
ogical development in early infancy, focus 
on the inhibition and excitation of reflex 
responses (predominantly eye blinks) in 
two- to six-month-old infants, while at the 


other extreme, Lepper and Harter de¬ 
scribe the origins, modification, and as- . 
sessment of individual differences in 
self-control and effectance motivation, 
respectively. 

Although most of the contributors are 
distinguished researchers, it is the rare 
psychologist—in this era of overspeciali¬ 
zation—who will be interested in more 
than one or two of the chapters. On the 
other hand, the few surviving generalists 
may well value a volume containing three 
scholarly and thorough reviews (Graham 
et al., Bornstein, and Lepper) and three 
less complete progress reports (Newport, 
Cole and Traupmann, and Harter) writ¬ 
ten by those individuals responsible in 
part for the current renaissance of devel¬ 
opmental psychology. Unfortunately, the 
appeal of the volume is limited by the foot 
that several of the chapters are redundant 
with respect to other recent chapters 
written by the authors, and will be of 
limited value to researchers who follow 
their work closely. Special mention should 
be made of Bornstein and Cole, who avoid 
this problem by setting their work in 
broader context and tackling new impli¬ 
cations, thereby extending their already 
important contributions to developmen¬ 
tal psychology .—Michael E, Lamb, Psy¬ 
chology, Psychiatry & Pediatrics, Uni¬ 
versity of Utah 

Perspectives on Behavioral Medicine. 
Stephen M, Weiss, J. Alan Herd, Ber¬ 
nard H, Pox, eds. Proc, Conf., Snow¬ 
bird, UT, 1979.417 pp. Academic Press, 
1981. $42. 

The first Research Conference of the 
Academy of Behavioral Medicine, held in 
June 1979, attempted to examine, criti¬ 
cally and in depth, research relevant to 
two major biomedical areas: cardiovas¬ 
cular disease and neoplastic disease. In 
each area, an overview paper and papers 
on various subtopics were prepared. The 
meeting also included working groups and 
special-interest groups that discussed a 
variety of selected topics and prepared 
reports on them. Finally, the conference 
included the presidential address of Neal 
Miller. 

This proceedings volume conveys a 
general sense of excellence and shows a 
healthy balance between exciting ideas 
and scientific caution. It is a veritable gold 
mine for doctoral students looking for 
possible thesis topics in behavioral med¬ 
icine. Although not meant to be used as an 
introductory textbook on the principles 
and practice of behavioral medicine, it 
might serve as a secondary source for a 
variety of courses oriented toward be¬ 
havioral medicine, in both the behavioral 
and biomedical sciences. 

The contributions are, naturally, un¬ 
equal in length and quality, and there is 
some overhap between chapters. Also, the 
lack of an index of authors makes it dif¬ 
ficult to follow a particular researcher’s 
contributions through the volume. De- 
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spite these minor shortcomings, the vol¬ 
ume shows behavioral medicine as a se¬ 
rious and creative new interdisciplinary 
field and will surely be “useful to a wide 
spectrum of readers,” as the editors 
hope—Gory E. Schwartz, Psychology, 
Yale University 


Mathematics and 
Computer Science 


The Statistical Analysis of Failure 
Time Data. John D. Kalbfleisch and 
Ross L. Prentice. Probability and 
Mathematical Statistics. 321 pp. Wiley, 
1980. $24,95. 

Many of the major new developments 
in the theory of the analysis of survival 
data are presented in this book, These 
methods, now being used extensively in 
the analysis of clinical data to adjust 
survival comparisons for patient charac¬ 
teristics, are based on the proportional 
hazards regression model, which was in¬ 
troduced by D, R. Cox in 1972 and further 
developed by the authors and others, The 
book should be read by anyone interested 
in doing research in survival theory. Be¬ 
cause it is written at a level for graduate 
students in statistics and is fairly techni¬ 
cal, it would be difficult reading for the 
nonstatistically trained scientist. The 
section on the proportional hazards re¬ 
gression model would be useful as a text 
for part of an advanced course in the 
theory of biometry.-Daw'd Schoenfeld, 
Sidney Farber Cancer Institute, 
Boston 


The Symmetric Eigenvalue Problem. 

Beresford N. Parlett, 348 pp. Pren¬ 
tice-Hall, 1980, $25. 

The problem treated here is perhaps 
the most basic computational problem, 
next to the solution of linear algebraic 
equations. The book can be compared 
with Wilkinson’s Algebraic Eigenvalue 
Problem, of broader scope. The author 
has long been engaged in the study of this 
problem and in the development of 
practical techniques, Naturally, over the 
fifteen years since the publication of 
Wilkinson’s book, methods have been 
refined and improved, Also, the treatment 
of large, sparse matrices has drawn con¬ 
siderable attention. The author’s expo¬ 
sition is lucid, at times a bit discursive 
and quite up-to-date.—Aiston. S 
Householder, Malibu, CA 

Approximation Theory and Numeri¬ 
cal Methods. G, A, Watson, 229 pp, 
Wiley-Interscience, 1980, $29,95, 

Approximation theory is the mathe¬ 
matical theory of approximating func¬ 
tions by simpler functions that depend on 
a finite number of parameters only and 
are amenable to computation. In addition 
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to giving a careful and fairly complete 
presentation of the theory, this book 
treats contemporary computational 
methods for many important approxi¬ 
mation problems, This would be an ex¬ 
cellent text for a second course in nu¬ 
merical analysis and a useful reference for 
anyone seeking to do numerical approxi¬ 
mation—T, J. Rivlin, Thomas J, Watson 
Research Center, IBM, Yorktown 
Heights, NY 


Introduction to Numerical Analysis. 
F. Stummel and K. Hainer. Trans. E. R. 
Dawson, 282 pp, Columbia University 
Press, 1980. $22 paper, 

This excellently translated monograph 
gives a dareful description and mathe¬ 
matical analysis of methods grouped 
under the following topic headings: cal¬ 
culating functions and their zeros; inter¬ 
polation, numerical differentiation and 
integration; solving linear and nonlinear 
systems, finding eigenvalues and eigen¬ 
vectors of symmetric matrices; numerical 
solution of initial value problems for or¬ 
dinary differential equations, 

The book’s level of sophistication 
makes it suitable for first-year graduate 
students, Many numerical exercises are 
provided, with answers supplied in the 
text. There are no theoretical problems. 
Each topic is treated relatively indepen¬ 
dently of the rest of the material. The 
authors rely on appropriate references to 
the literature for detailed proofs of some 
auxiliary facts, This makes for a compact 
and well-motivated presentation, This 
book will be a valuable reference work for 
students of numerical analysis and for 
engineers and other users of numerical 
methods,—Eugene Isaacson, Courant 
Institute of Mathematical Sciences, New 
York University 


Engineering and Applied 
Sciences 


Transitional Energy Policy 1980-2030: 
Alternative Nuclear Technologies. 

Hugh B, Stewart. 267 pp, Pergamon 

Press, 1981, $30 cloth, $12,50 paper, 

_ Predicting the future has always been 
difficult, Fifty-year-old predictions of the 
state of today’s world as often as not seem 
ludicrous, or at best barely resemble ac¬ 
tual conditions. Predicting the techno¬ 
logical future is even more difficult, re¬ 
quiring a level of imagination that would 
make it possible to put that future into 
place today, 

And yet technological forecasting is just 
what today’s energy planners are asked to 
do.. They must attempt to assess the fu¬ 
ture level of energy demand, and the 
physical and economic characteristics of 
energy systems now only in the develop¬ 
mental stage. And, in a world already 
dominated by tradeoffs and compromises 


between the environment, energy, and 
material Well-being, they must try to plan 
ahead 25 years or more. 

This book, while short, does an excel¬ 
lent job of outlining the pitfalls inherent 
in technical and social forecasting. It be¬ 
gins with a generic discussion of fore¬ 
casting, pointing out the importance of 
time scales and showing why the crystal 
ball grows more cloudy the farther into 
the future one attempts to look. Among 
the important questions to ask are: What 
might the population of the United States 
be by the year 2030? What level of per 
capita energy consumption might be 
possible? 

A retrospective look at some successful 
and some unsuccessful programs for 
implementing new energy systems at¬ 
tempts to assess why present institutions 
appear unable to effect new technologies 
in a timely manner at reasonable cost, In 
the United States, it now takes almost 
twelve years to bring a nuclear plant on 
line; ten years ago it took only six years. In 
many countries it still takes only six years 
to build plants which are just as safe and 
sometimes technically more advanced. 

The book is an excellent summary of 
the technical, social, and economic 
uncertainties that are inherent in for¬ 
mulating a coherent energy policy. To¬ 
morrow’s world depends on decisions 
made now and will be shaped by the 
quality of those decisions. An unwilling¬ 
ness to make a decision is itself a decision 
with its own consequences. Hugh B. 
Stewart shows the urgent need for a per¬ 
sistent, adaptable, and long-term energy 
policy, one anchored to existing technical 
realities, and' sensitive to the conse¬ 
quences of inaction.-#. V. Kline, Energy 
Center, Harvard University 

The Three Mile Island Nuclear Acci¬ 
dent: Lessons and Implications. 
Thomas H. Moss and David L. Sills, 
eds. Annals of the New York Academy 
of Sciences, 365.341 pp. NYAS, 1981. 
$66 paper. 

As an overall perspective one year later 
and a general reference concerning the 
many aspects of the TMI accident, the 
papers of the New York Academy meeting 
in April 1980 give accurate summaries of 
many topics but offer little supporting 
data except for issues pertaining to public 
impact. The perspective of a year allows 
for well-considered observations and is 
still nearly current today, since, unfortu¬ 
nately, progress at the site has been slow. 
Krypton venting has been completed, and, 
subsequent access to the containment has' 
largely confirmed expectations; otherwise, 
the book remains timely. 

In planning the conference, the New 
York Academy selected topics which 
pertained to the impact of accidents like 
three Mile Island on the public and on 
local, state, national, and even interna¬ 
tional institutions. Thus, the papers 
provide a single reference which should be 


I kelpful to public officials in preparing to 
J cope with accidents. The book gives rel- 
| atively little information concerning de- 
| tails of the accident, but those details have 
■ been presented elsewhere. Press coverage 
4 receives much attention, including the 
effects of confusion resulting from con¬ 
flicting statements by officials. The im¬ 
pact of the news on various public seg- 
f merits is emphasized, as are measures to 
i improve the handling of complex 
I events. 

Nowhere in the hook is there reference 
■| to the remarkably effective forces which 
j were assembled quickly to cope with the 
j accident. This successful action bodes well 
i for responses to major accidents in de- 
1 veloped countries, but raises questions 
ij concerning the ability of many countries 
• ij to respond to comparable emergencies. 

J The principal emphasis of the meeting 
j was on societal reactions, both public and 
j institutional. The treatment of these 
j topics ranges from pro- to antinuclear and 
j also varies considerably in substance and 
4 point of view. The panel discussions were 
j focused and tended to clarify subjects, 
A whereas the general discussions following 
: the papers were divisive and fragmented, 
j They provide interesting reading but 
J add little to the book’s content, and clar- 
4 ity suffers in places from failure to iden- 
; tify participants. Overall, the book offers 
an informative and comprehensive re¬ 
flection on the accident.— Donald B. 
Trauger, Nuclear and Engineering 
4 Technologies, Oak Ridge National Lab- 
: oratory 

Nuclcar Reactor Engineering, 3rd ed. 

| Samuel Glasstone and Alexander Se- 
< sonslce. 805 pp. Van Nostrand Rein- 

; hold, 1981. $39.50. 

Nuclear reactor systems are used pri- 
j merrily for the generation of electric 
4 power, although they are often employed 
] in research, medicine, and industry. As 
j the design of such a system involves many 
j engineering and scientific disciplines, a 
j textbook in nuclear reactor engineering 
| must cover the relevant nuclear and fis- 
| 8 ion physics, the neutronics of reactor 
| cores, heat transfer, fluid flow, radiation 
j efleets on materials, radiation protection, 
| shielding, safety, and environmental ef- 
4 facts. Since the field is constantly chang- 
j an up-to-date text reflecting these 

changes is necessary for the training of 
nuclear engineers and the upgrading of- 
reactor operators. 

! Nuclear Reactor Engineering is a 
comprehensive text which satisfies these 
requirements and meets the need for a 
i modern description of the fundamental 
4 scientific and engineering principles in¬ 
volved in nuclear reactor engineering, 
4 while providing a broad general perspec- 
1 tive of the whole field. This book is the 
1 third edition, following the widely used 
:| 1.967 second edition. Since that time, 

1 considerations of the safety and envi- 
1 ronmental effects of reactors have 
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achieved greater prominence, and these 
areas are suitably covered by chapters 
added to the present edition, The greatly 
increased capability of digital computers 
during this same period allowed for their 
greater use in the refinements of reactor 
design calculations. This is reflected in the 
text by a partial replacement of desk cal¬ 
culation methods with descriptions of 
reactor computation methods and com¬ 
puter codes in present use, Inclusion of 
current practice is certainly necessary, but 
exclusion of some older methods leaves 
me with a sense of loss, since the latter do 
provide a much greater understanding of 
the various factors entering into the de¬ 
sign, In contrast, the large computer 
codes, while much more accurate, provide 
no such insight when simply described. 

A textbook including such a large 
number of disciplines cannot cover all 
subjects in the same depth, but, with the 
exception noted above, the authors have 
achieved a reasonable balance in the 
treatment of the various topics and have 
produced a textbook for a large audi¬ 
ence.— Edward Melkonian, Nuclear 
Science and Engineering, Columbia 
University 


Introduction to the Magnetic Prop¬ 
erties of Solids, A, S. Chakravarty. 696 
pp. Wiley-Interscience, 1980, $65. 

For an introduction to such a large 


subject, it is necessary to strike a careful 
balance between explaining elementary 


to introduce the vast technical literature, 
The present volume is only partially suc- 


The first half deals, primarily, with the 


in solids, a subject close to the author’s 
interests. It starts by introducing basic 
concepts, such as the quantum mechanics 
of angular momentum, the structure of 
many electron atoms, and group theory, 
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reader who is essentially unfamiliar with 
them. This is useful, but students will 
probably want to supplement this treat¬ 
ment with other textbooks. There follows 
a relatively detailed discussion of crystal 
field theory and its application to transi¬ 
tion metal complexes. This section will be 
most useful for physicists and chemists 
planning to study such materials. 


three of the principal approximations 
used to treat the interactions between 
electron spins: molecular field theory, spin 
waves, and Green’s functions. These 
chapters are essentially self-contained: 


ing for compact discussions of these; 
topics, , , . , , |j 

The principal fault in the book is thai 
it lacks coherence; topics are often treat|| 
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Only in the one short chapter on disor¬ 
dered systems, which follows the discus¬ 
sion of molecular fields, are there exten¬ 
sive references to papers published after 
1970, In part, this reflects the choice of 
topics covered by the book. There is, for 
example, no discussion of critical phe¬ 
nomena and phase transitions, of rare 
earth compounds or metals, and very little 
of transition metals and alloys. Concepts 
such as the RKKY interaction are men¬ 
tioned but not discussed. At the same 
time, discussions of several topics treated 
in earlier texts might well have been 
shortened to make room for more modern 
work, The book contains a great deal of 
useful material, but it cannot be recom¬ 
mended as a coherent introduction to the 
field.—- Werner P. Wolf, Applied Physics, 
Yale University 

Structure of Metals: Crystallographic 
Methods, Principles and Data, 3rd ed. 
C. S. Barrett and T, B. Massalski, Ma¬ 
terials Science and Technology, 35.654 
pp. Pergamon, 1980. $65 cloth, $20 
paper. 

The Structure of Metals has for many 
years been a popular text for elementary 
crystallography, crystal structure deter¬ 
mination, structure of metals, alloys, and 
some nonmetallic systems, besides phase 
transformations in the solid state. How¬ 
ever, apart from a new cover and title page 
and the fact that Figure 7-17 as now 
printed better illustrates the point made 
in the text, I find the third revised edition 
(1980) to be identical in text and bibliog¬ 
raphy to the third edition (1966). This by 
no means detracts from the book’s value 
as a comprehensive undergraduate text 
for all students of metallurgy and mate¬ 
rials science. The fundamentals of crystal 
symmetry, x-ray crystallography, perfect 
and defect crystal structure, electronic 
properties of metals, solid state phase 
transformations, and orientation effects 
are clearly discussed together with prac¬ 
tical methods (e.g., x-ray techniques, 
electron microscopy, neutron diffraction) 
for the study of such phenomena. This 
book will continue to be an important 
volume for all students of crystal struc¬ 
ture.— Judith A, Todd, Materials 
Science, Univ. of California, Berkeley 
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The Mapmakers. John Noble Wilford. 
414 pp. Alfred A. Knopf, 1981, $20, 

_ This excellent book has two major de¬ 
ficiencies, both of which could be reme¬ 
died easily in a future edition. The first, 
and most serious, is a complete absence of 
line diagrams. For a book about maps, il¬ 
lustrations are rather few, and the lack of 


diagrams makes the reader’s task partic¬ 
ularly difficult in many places. To take 
only three examples, how Eratosthenes 
was able to use the well at Syrene to esti¬ 
mate the earth’s circumference, the basic 
principles of projecting the sphere on a 
plane surface as a map, and the essential 
simplicity of triangulation could all be 
understood much more simply with a di¬ 
agram or two to help the text. 

The second deficiency is also an odd 
one for a book on cartography that takes 
so vast a canvas. The text lacks a guide—a 
map if you will—of where it is going and 
the logic of the route. It is evident that 
Wilford had such an outline before him as 
he wrote. In four unequal parts, he deals 
in turn with the evolution of mapmaking 
before the scientific revolution, with 
modern cartography from Cassini to the 
United Nations, with modern survey 
techniques and special purpose maps such 
as geological and marine surveys and sub¬ 
ice profiles of Antarctica, and lastly with 
space—mapping Earth from satellites 
and the task of mapping the moon and the 
other planets. This leads to deliberate and 
rewarding surprises; by page 223 we have 
reached the 20th century, but a third of 
the book still lies ahead: “There was so 
much still to be mapped, more than they 
knew, more than they could imagine being 
mappable,” The parts are linked by vig¬ 
nettes of different phases of the actual 
task of resurveying the Grand Canyon in 
1972. In retrospect, each vignette is an 
admirable introduction to the theme of 
the next part. But what Wilford is doing 
requires four dimensions: he is concerned 
with the evolution and practical applica¬ 
tion of a number of scientific principles 
over time. He sensibly adopts a chrono¬ 
logical approach, but in doing so he makes 
it more difficult for the general reader to 
grasp the overall framework of the subject 
that presumably attracted the author in 
the first place. A “map,” in the form of a 
thematic introduction to the problems 
facing surveyors and cartographers, would 
help considerably, 

The book is also not without minor er¬ 
rors and lacunae. Lewis and Clark deserve 
their chapter, for example, but Alexander 
Mackenzie’s earlier expeditions to the 
Arctic Ocean (Bastille Day 1789) and to 
the Pacific (“from Canada by land 22d 
July 1793”) surely deserve a mention. So 
does another Canadian surveyor, Sand- 
ford Fleming, father of standard time 
zones. But these are criticisms of what is, 
overall, a superb and successful effort at 
interpretation and communication, In 
general, Wilford’s choice of topics is bril¬ 
liant, The Indian Survey is rightly pre¬ 
ferred to the Ordnance Survey, and the 
French 18th-century expeditions to 
Lapland and Peru in pursuit of oblate or 
prolate spheroids could not be retold 
better. Throughout the book, what is 
written for the layman is illuminating and 
fascinating to the professional.—C. Ian 
Jackson, Executive Director, Sigma Xi, 
The Scientific Research Society 


The Fungus Fighters: Two Women 
Scientists and Their Discovery. Rich¬ 
ard S. Baldwin. 212 pp. Cornell Uni¬ 
versity Press, 1981. $14.95. 

The two “women scientists” of The 
Fungus Fighters have had their names so 
closely linked that few people who know 
anything at all about Elizabeth Hazen and 
Rachel Brown remember which is which. 
Baldwin’s thoughtful and well-docu¬ 
mented account of the discovery and 
commercial development of nystatin, the 
first safe and effective antifungal agent, 
is as much a biography of Gilbert Dall- 
dorf, director of the Division of Labora¬ 
tories and Research of the New York 
State Health Department, and the 
Brown-Hazen grants program, as it is the 
story of the discoverers of nystatin, in¬ 
deed, at times Hazen and Brown com¬ 
pletely disappear as Baldwin plows 
through rather tedious accounts of the 
disbursement of nystatin royalties. 

Baldwin’s approach allows him to il¬ 
lustrate the rewards and frustrations of 
research, while providing evidence for the 
moral of the tale: neither sox nor age need 
be an obstacle to those determined to 
explore new frontiers, Hazen, a microbi¬ 
ologist, was 59 when she began to study 
mycology. In 1948, Dalldorf introduced 
Hazen to Rachel Brown, an organic 
chemist at the Division’s Albany branch. 
It was the beginning of one of those col¬ 
laborations, based on complementary 
skills and compatible personalities, that 
have proved so valuable in scientific re¬ 
search. As Dalldorf recalled: “Once ‘the 
girls’ got started they didn’t need advice 
from me or anyone else." Both Brown and 
Hazen carried out the nystatin research 
while continuing their, routine chores at 
the Division. Baldwin says that Dalldorf 
“was not a harsh taskmaster," but be¬ 
lieved researchers should riot be idle while 
waiting for a “eureka” experience. Thus, 
“the girls,” as Dalldorf called them, iso¬ 
lated the antifungal agent, but it was 
Dalldorf who had the connections to ar¬ 
range for its development. Brown and 
Hazen neither sought nor received any 
personal profits from the nystatin 
royalties, nor did their working lives 
change, Forced to move to Albany when 
the New York City branch of the Division 
closed in 1954, Hazen commuted weekly 
to New York to continue as “guest inves¬ 
tigator,” unpaid, at Columbia, Later, she 
was promoted to emeritus research pro¬ 
fessor, unpaid. 

Despite the availability of antifungal 
agents, the fungus diseases are still a 
major public health menace. Brown, 
Hazen, and Dalldorf were disappointed by 
their perception of a general indifference 
to medical mycology. Brown was also 
deeply concerned about stimulating 
young women to pursue careers in science. 
Undoubtedly, Baldwin intended the story 
of the fungus fighters as an inspiration for 
progress on both fronts. Unfortunately, 
bright young women are likely to read a 
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different moral into this story, Years of 
hard work and successful discovery may 
only bring more years of routine tasks and 
unpaid “guest” status, and even when you 
are well over 50, you may still be one of 
“the girls,”— Lois Magner, History, 
Purdue University 


Science and Immortality: The Eloges of 
the Paris Academy of Sciences 
(1699-1791). Charles B. Paul. 203 pp. 
University of California Press, 1980. 
$17.50, 

The Parisian Royal Academy of Sci¬ 
ences has been an influential institution 
since its establishment in 1666. It was the 
first scientific society to pay salaries to its 
members; it promoted the stature and 
independence of the biological sciences; 
and by publishing its history, annual re¬ 
ports, and the writings of members in the 
vernacular, it not only popularized science 
but also molded the French language to 
the new and technical affairs of natural 
philosophy. The history of the Academy 
has prompted a considerable body of lit¬ 
erature, but this most recent addition 
puts the institution into a new context 
and identifies another sphere in which it 
was influential. Using the 200-odd eu¬ 
logies composed for academicians who 
died before 1791, Paul examines the ha¬ 
giography of science against the back¬ 
ground of 18th-century rhetoric and 
moral education. He thereby demon¬ 
strates that the Academy inculcated in 
the public mind the belief that science is 

objective and scientists heroic. 

Fontenelle, the second permanent 
secretary of the Academy, began the 
practice of eulogizing academicians in 
1699, His models were classical and 
humanistic: he imitated Charles Perrault 
in eulogizing men not “known for politi¬ 
cal, ecclesiastical, or miliary deeds,” but 
academicians’ virtues are revealed to have 
been very like those of Plutarchan 
statesmen. Fontenelle’s policy was con¬ 
tinued by his successors, who added to his 


themes some of their own, The ttoges 
were intended to immortalize academi¬ 
cians and to interest the public in science. 
Thus, some academicians were not eulo¬ 
gized because they did not live up to the 
high standards of conduct or achievement 
expected by the Academy. Paul shows 
that the elages were the vehicles for the 
biases of the permanent secretaries; and 
from the biographical details they include, 
he discerns the class backgrounds and 
education of academicians, the reasons 
that academicians chose scientific careers 
(often against the wishes of their families), 
and the Obstacles they had to overcome to 
pursue their chosen careers. 

This is an interesting and worthwhile 
study of the Parisian Academy, despite 
some, limitations, The eulogies do not 
offer the comprehensive history of the 
18th-century sciences that the author 
claims for them, and he has not checked 
the accuracy of the biographical details in 
them, in itself a daunting task. Thus, his 
account reflects without sufficient ex¬ 
amination some of the presuppositions of 
the secretaries. Nevertheless, historians 
of science are indebted to him for exam¬ 
ining a neglected body of evidence which 
he puts adroitly into the perspective of the 
social and cultural relations of science. 
Moreover, by demonstrating that these 
eulogies were secular sermons, lessons in 
right conduct which portrayed science as 
both a natural and a moral philosophy, 
Paul has shown how the Parisian Acade¬ 
my molded an attitude of deference to 
science that has since enjoyed a tenacious 
hold on the public.—A/ice Stroup, His¬ 
tory, Bard College 

A Philosophical Basis of Medical 
Practice: Toward a Philosophy and 
Ethic of the Healing Professions, Ed- 
mund D. Pellegrino and David C. 
Thomasma. 342 pp. Oxford University 
Press, 1981. $11.95. 

This ambitious discussion of the nature 
of medical practice is just what its title 
implies-a philosophy book. The most 


cited philosopher is Aristotle; Plato runs 
a distant but clear second. The contem¬ 
porary philosophy is phenomenology, and 
the central questions asked are how 
value-laden medicine is, how it is like and 
unlike science and art, and how it is a 
“virtue” (a strange idiom). Several defi¬ 
nitions of medicine are offered to the ef¬ 
fect that medicine is a mutual relationship 
based on consent, aimed at the well-being 
of the patient and undertaken through 
manipulation of tlie living body. Articu¬ 
lating the implications of all this includes 
noting the dimensions of trust, responsi¬ 
bilities, decision-making orientation, and 
attention to etiology that are basic to 
understanding medical practice. 

The first of three sections is “Principal 
Features of a Philosophy of Medicine,” in 
which relations between medicine and 
philosophy are explored, together with 
applications of the findings of each. 
Clinical judgment is discussed in detail 
and well. Section 2 applies the findings of 
the first section to individual moral 
agency—e.g., how "a wide latitude in 
discretionary space” is part of the tradi¬ 
tional relationship between the physician 
and society. The final section applies 
earlier findings to corporate or group 
moral agency (social ethics)—the re¬ 
sponsibilities of hospitals and teams. 

The line of thought is historically 
shaped. Sometimes the authors seem to 
be trying to prove how Aristotelean they 
can be (pp. 182-9). The book fails to be as 
tight as promised in the exciting Preface, 
probably because many chapters have 
been fashioned from earlier publications. 
There are some excellent analyses and 
some beautiful passages, but there are 
difficult ones as well. A sense of significant 
inconsistency emerges, as early discus¬ 
sions of health, medicine, trust, and per¬ 
suasion conflict with later condemnations 
of paternalism. Grappling with this 
scholarly book, however, is frequently 
worthwhile.—Edmund L.Erde, Philos¬ 
ophy of Medicine, Institute for the 
Medical Humanities, University of 

Texas Medical Branch, Galveston 
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573 pp. Plenum. $69.50. 


D. Lynden-Bell, eds, The Kramer, D,, et al. Exact Solutions of 


Structure and Evolution of Normal 
Galaxies. Proc. NATO Advanced 
Study Institute, Cambridge, UK, 1980. 
272 pp. Cambridge University Press. 
$29,95. n ■. 

Fukushima, Eiichi, & Stephen B. W. 
Roeder. Experimental Pulse NMR: A 
Nuts and Bolts Approach. 539 pp. 
Addison-Wesley, $34.50. 

Giancoli, Douglas C. Physics: Principles 
with Applications, 805 pp. Prentice- 
Hall, 1980. $24.95, 

Greene, Lawrence P., ed. Space-En - 


Einstein's Field Equations. Mathe¬ 
matical Physics, 6.425 pp. Cambridge 
University Press. $72. 

Krause, Sonja, ed. Molecular Electro- 
Optics: Electro-Optic Properties of 
Macromolecules and Colloids in So¬ 
lution. NATO Advanced Study Insti¬ 
tutes, Series B:Physics, 64. 520 pp. 
Plenum, $59.50. 

Kumar, Vinay. Experimental Techniques 
in Quantitative Chemical Analysis. 
169 pp, University Press of America. 
$10 paper. , 


hancing Technological Leadership. Lovell, Bernard. Emerging Cosmology 


Advances in the Astronautical Sciences 
44. 613 pp. San Diego; American As- 


Convergence, 1, 208 pp. Columbia 
University Press. $14.95, 


tronautical Society. $65 cloth, $50 McGonnagle, Warren J., ed. Interna- 
nsner tional Advances in Nondestructive 


paper, -.- , 

Greene, Theodora W. Protective Groups Testing, Vol. 7,431 pp. Gordon and 
in Organic Synthesis. 349 pp, Wiley- Breach. $84.50. c 

Interscience. $37.50. McGowan, J. Wm., ed. The Excited State 

Gribbin, John. Future Worlds. 224 pp. in Chemical Physics, Part 2. Advances 
Plenum, $14,95. in Chemical Physics, 45. 609 pp. 

Hagedorn, Peter, Non-Linear Oscilla- Wiley-Interscience. $60. 

tions, Trans. Wolfram Stadler. 289 pp. McGregor, Donald Rait. The Inertia of 
Oxford University Press. $85, the Vacuum: A New Foundation for 

Haken, H. Light, Vol. 1: Waves, Photons, Theoretical Physics. 69 pp. Smithtown, 

Atoms. 353 pp. North-Holland. NY: Exposition Press. $6. 

$3425, Malville, J, McKim, The Fermenting 

Harrison, Edward R. Cosmology: The Universe: Myths of Eternal Change 
. Science of the Universe. 430 pp. Cam- 113 ppSeaburyPress. ?695paper 
bridge University Press. $24.95, Marten, L, & C. Marten, eds. Advances 
Henderson, Douglas, ed. Theoretical mm^t^Skem-Phyrn,. 

Chemistry, Vol. 6: Theory of Scatter- Vol, 55.403 pp. $62. , ph - 

ing: Papers in Honor of Henry Eyring. Massey, Hame._AF , erspectiue rftmysi^ 


Part A: 299 pp. $45, Part B: 285 pp. $42. 
Academic Press. 

Hesse, Manfred. Alkaloid Chemistry. 
Trans. I. Ralph C. Bick. 231 pp. 
Wiley-Interscience, $28.50. 

Hieftje, Gary M., John C, Travis, Fred E. 
Lytle, eds. Lasers in Chemical Analy¬ 
sis. Contemporary Instrumentation 
and Analysis. 310 pp. Humana Press. 
No price given. 

Holmquist, W. R., ed. Life Sciences and 
Space Research 19. Advances in Space 
Research, Vol. 1, No. 14,232 pp, Per¬ 
gamon Press. $29 paper. 

Hudson, H., ed. High-Energy Astro¬ 


physics, Advances in Space Research, Ne’eman, 


Vol. 4: Selections from 1979 Comments . 
on Modem Physics. 349 pp. Gordon & 
Breach, 1980. $45, 

Mitton, Simon. Daytime Star: The Story 
of Our Sun. 191pp. Charles Scribner s 
Sons. $14.95. r • 

Morawetz, H, & I. Z. Steinberg. Lumi¬ 
nescence from Biological and Syn¬ 
thetic Macromolecules: Eighth Katzir 
Conference. Annals of the New York 
Academy of Sciences, 366, 413 pp. 
NYAS. $80 paper. , . , j 

Narasimhamurty, T. S. Photoelastic and j 
Electro-Optic Properties of Crystals? |J 
514 pp. Plenum. $37.50. * 


Yuval, ed. To Fulfill a Vm|| 
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Jerusalem Einstein Centennial Sym¬ 
posium on Gauge Theories and Unifi¬ 
cation of Physical Forces. 279 pp. Ad- 
dison-Wesley. $39,50. 

Popovych, Orest, & Reginald P, T. Tom¬ 
kins, Nonaqueous Solution Chemistry. 
500 pp, Wiley-Interscience. $52,50, 
Priest, E, R„ ed. Solar Flare Magne¬ 
tohydrodynamics. Fluid Mechanics of 
Astrophysics and Geophysics, 1.562 pp, 
Gordon and Breach, $89.50. 
Proceedings of China-U.S. Bilateral 
Symposium on Polymer Chemistry 
and Physics. Beijing, 1979.534 pp. Van 
Nostrand Reinhold. $32.50. 

Reid, Eric, ed, Trace-Organic Sample 
Handling. Methodological Surveys (A): 
Analysis, 10. 383 pp. Halsted Press. 
$101.95. 

Rider, Don K. Energy: Hydrocarbon 
Fuels and Chemical Resources. 493 pp. 
Wiley-Interscience, $34.95, 

Rosenberg, Bianca L„ ed. Papers in 
Science and Public Policy I. Annals of 
the New York Academy of Sciences, 
368.235 pp. NYAS. $55 paper. 

Rudd, Dale F., et al, Petrochemical 
| Technology Assessment. 370 pp. 

I Wiley-Interscience. $41.95. 

j? Savelyev, I. V. Physics: A General Course, 
Vol. 3. Trans. G. Leib. 318 pp. Chicago: 
Imported Publications. $12. 

Schmidtke, G., & K. S. W. Champion, eds. 
The Mesosphere and Thermosphere. 
Advances in Space Research, Vol. 1. 
No. 12.238 pp. Pergamon Press. $30 
paper. 

Schwartz, Helmut J., et al,, eds. Laser 
Interaction and Related Plasma Phe¬ 
nomena, Vol. 5.850 pp. Plenum. $75. 
bhakhashiri, Bassam Z,, Rodney 
Schreiner, Phyllis Anderson Meyer, 
Workbook for General Chemistry 
Audio-Tape Lessons, 2nd ed. 651 pp. 
Saunders College/HRW. Paper, no 
price given. 

Shapiro, Jacob. Radiation Protection: A 
Guide for Scientists and Physicians, 
2nd ed. 480 pp. Harvard University 
. Press. $25. 

Smith, Deane K,, et al., eds. Advances in 
' X-Ray Analysis, Yol 24.428 pp. Pie- 
num. $49,50. 

| Stone, F. G. A., & Robert West, eds. Ad¬ 
vances m Organometallic Chemistry . 
Vpl. 19. 319 pp. Academic Press. 
$54.50. 

Tofaldo di Francia, G. The Investigation 
of the Physical World. 466 pp. Cam- 

S Univers % Press. $59.50 cloth, 
$19.95 paper. 

TwideH John, ed. Energy for Rural and 
island Communities. Proc, Conf In¬ 
verness, Scotland, 1980. 253 pp Per¬ 
gamon Press. $45. 

Vainshtein, Boris K. Symmetry of Crys- 
: tals, Methods of Structural Crystal- 
lography. Modern Crystallography, 1. 
Solid-State Sciences, 15. 399 pp 
Sprmger-Verlag. $47.50. 

Wende, Burkhard A Spectral Line 
Shapes. Proc. 5th Internal Cent, W 
tekn, 1980 1200 pp. Walter de 
Gruyter. $135.90. 

Wilkinson, Denys, ed. Nuclear Astro¬ 
physics Progress in Particle and Nu- 
6 ' 349 PP ' Per 8“” 

WwAto Sa Rote 1. Caret 
Or/arnc Chemistry. 1334 pp. Harper & 
Kow. No price given. 


Wolman, Yecheskel, ed. Origin of Life. 
613 pp, D, Reidel, $73.50. 


Earth Sciences 


Arnold, Emery C., & James M. Hill, eds. 
New Mexico’s Energy Resources ’80. 
Circular 181. 59 pp. Socorro: New 
Mexico Bureau of Mines and Mineral 
Resources. $3 paper. 

Atkinson, Gordon, & Jerry J. Zuckerman, 
eds. Origin and Chemistry of Petrole¬ 
um. Proc. 3rd Annual Karcher Syihp., 
Oklahoma, 1979. 116 pp. Pergamon 
Press. $24. 

Axelrod, Daniel I. Contributions to the 
Neogene Paleobotany of Central Cal¬ 
ifornia. Publications in Geological 
Sciences, 121. 212 pp, University of 
California Press. $17 paper. 

Beal, Robert C., Pat S. DeLeonibus, Isa- 
dore Katz, eds. Spaceborne Synthetic 
Aperture Radar for Oceanography. 
John Hopkins Oceanographic Studies, 
7. 2i5 pp. John Hopkins University 
Press. $19.50. 

Birks, H. J. B., & Hilary H. Birka. Qua¬ 
ternary Palaeoecology. 289 pp. Uni¬ 
versity Park Press, 1980. $84,50. 

Chow, Ven Te, ed. Advances in Hydro¬ 
science, Vol. 12. 440 pp. Academic 
Press. $66, 

Dabberdt, Walter F. Weather for Out- 
doorsmen, 240 pp. Charles Scribner’s 
Sons. $16.95. 

Dury, George H. An Introduction to En¬ 
vironmental Systems. 366 pp, Heine- 
mann. $19.95. 

Hallam, A. Facies Interpretation and the 
Stratigraphic Record. 291 pp. W. H 
Freeman. $27.95. 

Heljeson, Dana M., & Candace L. Holts. 
Supplemental Bibliography of New 
Mexico Geology and Mineral Tech¬ 
nology through 1975. Bulletin 108.136 
pp. Socorro: New Mexico Bureau of 
Mines & Mineral Resources. $10 
paper. 

Landsberg, Helmut E. The Urban Cli¬ 
mate. International Geophysics, 28.275 
pp. Academic Press. $29.50. 

Linell Kenneth A, & John C. F. Tedrow. 
Soil and Permafrost Surveys in the 
Arctic. Monographs on Soil Survey. 279 
pp. Oxford University Press, $49.50 
Lloyd, J W„ ed. Case-Studies in 
Groundwater Resources Evaluation. 
m'ii P T?' Ox^d University Press, $74. 
MiUer, David H Energy at the Surface of 
the Earth: An Introduction to the 
Energetics of Ecosystems. 516 pp, in- 

£f$49 al 50 eOPhySiCS ’ 21 Academic 
Nairn, Alan E. M, Michael Churkin, Jr., 
Francis G. Stehli, eds. The Ocean Ba¬ 
sins and Margins, Vol. 5: The Arctic 
Ocean. 672 pp, Plenum. $55. 

National Research Council, Committee 
on bod as a Resource in Rdation to 

Surface Mining for Coal. Surface 
Mining: Soil, Coal, and Society. 233 
PP- National Academy Press. $1150 
paper. f 

Price, Larry W. Mountains and Man: A 

Study 0 f Pmm and Environment 

$29 95' University of Cali f° rn ia Press. 
Rautman, Christopher, ed. Geology and 


Mineral Technology of the Grants 
Uranium Region 1979. Memoir 38. 
Proc. Symp., Albuquerque, 1979. 40D 
pp. Socorro: New Mexico Bureau of 
Mines & Mineral Resources, 1980. $18 
paper, 

Rockland, Louis B., George F. Stewart, 
eds. Water Activity: Influences on 
Food Quality. Proc. Internat. Symp. 
Osaka, 1978.921 pp. Academic Press. 
$60. 

Sanders, John E. Principles of Physical 
Geology. 624 pp. Wiley, $22.95. 
Sanford, Allan R., Kenneth H. Olsen, 
Lawrence H. Jaksha. Earthquakes in 
New Mexico, 1849-1977. Circular 171. 
20 pp. Socorro: New Mexico Bureau of 
Mines and Mineral Resources. $3 
paper. 

Seager, William R. Geology of Organ 
Mountains and Southern San Andres 
Mountains, New Mexico. Memoir 3(5. 
Socorro: New Mexico Bureau of Mines 
& Mineral Resources. $20 paper. 

Slater, Lloyd E., & Susan K. Levin, eds. 
Climate’s Impact on Food Supplies: 
Strategies and Technologies for Cli¬ 
mate-Defensive Food Production, 
AAAS Selected Symposia, 62. 248 pp. 
Westview Press, $22. 

Sposito, Garrison. The Thermodynamics 
of Soil Solutions. 223 pp. Oxford Uni¬ 
versity Press. $39.50. 

Stoddart, D. R., ed. Geography, Ideology 
and Social Concern, 250 pp. Barnes & 
Noble. $26.50, 

Strahler, Arthur N .Physical Geology. 612 
pp. Harper & Row. No price given. 

Sturt, B. A., D. L. Speedytnan, W, L. 
Griffin. The Nordre Bumandsfjord 
Ultramafic Pluton, Seiland, North 
Norway, Part 1: Field Relations. Geo¬ 
logical Survey of Norway, 358, Bulletin 
55.62 pp. Columbia University Press, 
1980. $16 paper. 

Tarling, D. H., ed .Economic Geology and 
Geotectonics. 212 pp. Halsted Press. 
$54.95, 

Tucker, M. E. Sedimentary Petrology: An 
Introduction. Geoscience Texts, 3,252 
pp. Halsted Press. Paper, no price 
given. 

West, Frederick Hadleigh, & Robert W, 
Neuman, eds. Traces of Prehistory: 
Papers in Honor of William G. Haag 
Geoscience and Man, 22.122 pp. Baton 
Rouge: School of Geoscience, Louisana 
State University. $12 paper. 

Yoshikawa, Torao, Sohei Kaizuka, Yoke 
Ota. The Landforms of Japan. 222 pp. 
Columbia University Press. $39,60. 


Life Sciences 

Adler, Norman T., ed, Neuroendocri- 
nology of Reproduction: Physiology 
fyhavior, 555 pp. Plenum. $42 
doth, $18.95 paper. 

Ainsworth, G. C. Introduction to the 
History of Plant Pathology. 315 pp. 

, .Cambridge University Press. $59.50. 

Alexander, Paul E., ed. Electrolytes and 
Nmropsychiatric Disorders . 313 pp, 
SP Medical & Scientific Books. $45. 

Alexander, Richard D., & Donald W. 
Tinkle, eds, Natural Selection and 
oocial Behavior: Recent Research and 
§S 9 %h e ° ry ' ^ PP- Chiron Press. 
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Ayensu, Edward, S., ed. Jungles. 200 pp. 
Crown, 1980. $35. 

Ayres, John C., & John C. Kirsehman, eds. 
Impact of Toxicology on Food Pro¬ 
cessing. IFT Basic Symposium Series. 
320 pp. AVI. $45. 

Baldwin, John D., & Janice 1. Baldwin. 
Beyond Sociobiology. 325 pp. Else¬ 
vier/North Holland. $29.50, 

Banks, Chris B., & Angus A. Martin, eds. 
Proceedings of the Melbourne Herpe- 
tological Symposium. 199 pp. Park- 
ville, Victoria: Zoological Board of 
Victoria. Paper, no price given. 

Barlo\y, George W., & James Silverberg, 
eds. Sociobiology: Beyond Nature/ 
Nurture ? AAAS Selected Symposia, 35. 
627 pp. Westview Press, 1980. $32.50 
cloth, $15 paper. 

Beebe, William. The Arcturus Adventure: 
An Account of the New York Zoologi¬ 
cal Society's First Oceanographic Ex¬ 
pedition. [Reprint], Harper Library. 
439 pp. Harper & Row. $5.95 paper. 
Berryman, Alan A. Population Systems: 

A General Introduction. Population 
Ecology: Theory and Application. 222 
pp. Plenum, $1(5.95. 

Beyer, Jan E. Aquatic Ecosystems: An 
Operational Research Approach. 317 
pp. University of Washington Press. 
$ 20 . 

Bier, Otto, G., et al. Fundamentals of 
Immunology. 442 pp. Springer-Verlag. 
$17.50 paper, 

Billings, Evelyn, & Ann Westmore, The 
Billings Method: Controlling Fertility 
without Drugs or Devices. 454 pp. 
Random House, 1980. $12.95. 

Bittar, E. Edward, ed. Membrane Struc¬ 
ture and Function, Vol. 4. 246 pp. 
Wiley-Interscience. $37.50, 

Blank, Robert H. The Political Implica¬ 
tions of Human Genetic Technology. 
Special Studies in Science, Technology, 
and Public Policy. 255 pp. Westview 
Press. $25.25 cloth, $12 paper. 
Bloemendal, Hans, ed. Molecular and 
Cellular Biology of the Eye Lens, 469 
pp. Wiley-Interscience. $68,50. 

Bond, Jenny T., et al,, eds, Infant and 
Child Feeding. Nutrition Foundation 
Monograph Series. 502 pp. Academic 
Press. $49.50. , 

Brook, Alan J. The Biology of Demids. 
Botanical Monographs, 16. 276 pp. 
University of California Press. $50, 
Bruce, Robert W., et al., eds. Gastroin¬ 
testinal Cancer: Endogenous Factors. 
Banbury Report 7.468 pp, Cold Spring 
Harbor Laboratory, No price given, 
Burroughs, John, Signs & Seasons. [Re¬ 
print], Harper Nature Library, 290 pp. 
Harper & Row. $5.96 paper. 

Busch, Harris, ed. The Cell Nucleus, Vol, 
8; Nuclear Particles, Part A, 401 pp. 
Academic press. $47.50, 

Cagan, Robert H„ & Morley R, Kare, eds. 
Biochemistry of Taste and Olfaction. 
The Nutrition Foundation: A Mono- 
graph Series, 539 pp. Academic Press. 
$38.50. „ , , 

Cameron, Ivan L„ & Thomas B. Pool, eds. 
The Transformed Cell. 435 pp. Cell 
Biology. 435 pp. Academic Press. 
$49.50. 

Campbell, P. N., ed. Biology in Profile:A 
. Guide to the Many Branches of Biolo¬ 
gy. 128 pp. Pergamon Press, $9,50 
paper. 

Chafetz, Marion C. Health Education: An 


Annotated Bibliography on Lifestyle, 
Behavior, and Health. 272 pp. Plenum, 
$29.50. 


Reproduction, Biology and Environ¬ 
ment, 330 pp. University Park Press. 
$44.50. 


Committee for the Compilation of Mate- Ginsburg, Victor, & Phillips Robbins, eds. 


rials on Damage Caused by the Atomic 
Bombs in Hiroshima and Nagasaki. 
Hiroshima and Nagasaki: The Physi¬ 
cal, Medical, and Social Effects of the 
Atomic Bombings. Trans, Eisei Ishi- 
kawa & David L. Swain. 706 pp. Basic 
Books. $37.50. 

Constantinides, A,, W. R. Vieth, K, Ven- 
katasubramanian, eds. Biochemical 
Engineering 2. Annals of the New York 


Biology of Carbohydrates, Vol. 1.320 
pp. Wiley-Interscience. $49.50. 

Hadden, J., et al, eds. Advances in Im- 
munopharmacology. Proc.'1st Inter¬ 
nat. Coni',, Brighton, UK, 1980.517 pp. 
Pergamon Press. $80. 

Haedrich, Richard L., ed. Biological 
Oceanography: An International 
Journal, Vol. 1, No. 1,105 pp. Crane 
Russak. $60 quarterly subscription. 


Academy of Sciences, 369. 384 pp. Klein, George, & Sidney Weinhouse, eds. 


NYAS. $73 paper. i 
Cornell, James. The First Stargazers: An 
Introduction to the Origins of As- 


Advancesin Cancer Research, Vol, 34. 
328 pp. Academic Press, No price 
given. 


tronomy. 262 pp. Charles Scribner’s Kooyman, Gerald L. Weddell Seal: Con 


Sons. $16.95. 

Crooke, Stanley T,, & Archie W, Pres- 


summate Diver. 135 pp. Cambridge 
University Press. $39,95. 


tayko, eds. Cancer and Chemotherapy, Luckey, T. D. Hormesis with Ionizing 


Vol. 2; Introduction to Clinical On¬ 
cology. 380 pp. $42.50. Vol. 3; Anti- 
neoplastic Agents, 398 pp, $44, Aca¬ 
demic Press. 

Damask, A. C. Medical Physics, Vol, 2: 


Radiation. 222 pp. Boca Raton, FL: 
CRC Press. $59,95. 

Lynch, Henry T., ed. Genetics and Breast 
Cancer. 253 pp. Van Nostrand Rein- 
hold. $23.50. 


External Senses. 274 pp. Academic Lynn, Melvyn, & Morris Solotorovsky 


Press. $29.50. 

Darby, William J., ed. Annual Review of 
Nutrition, Vol. 1.509 pp, Palo Alto; 
Annual Reviews. $20. 


eds. Chemotherapeutic Agents for 
Bacterial Infections. Benchmark Pa¬ 
pers in Microbiology, 14.410 pp, Aca¬ 
demic Press. $45. 


Davis, Ronald W., David Botstein, John McGuire, William L., ed. Breast Cancer, 


R, Roth. A Manual for Genetic Engi¬ 
neering: Advanced Bacterial Genetics 


Vol. 4:, Advances in Research and 
Treatment. 234 pp. Plenum. $35. 


254 pp. Cold Spring Harbor Laborato- McLusky, Donald S, The Estuarine 


ry, 1980. Paper, no price given, 
DeFelice, Louis J. Introduction to Mem- 


Ecosystem. Tertiary Level Biology, 150 
pp, Halsted Press. $29,95. 


Plenum. $39.50. McMinn, Howard E,, & Maino, Evelyn. 


DeRobertis, E. I), P., & E, M, F. DeRob- 
ertis, Jr, Essentials of Cell and Molec¬ 
ular Biology. 395 pp. Saunders Col¬ 
lege/HRW, No price given. 

Dixson, A, F. The Natural History of the 


An Illustrated Manual of Pacific Coast 
Trees, 409 pp, University of California 
Press. $12.95 cloth, $6.95 paper. 
Manion, Paul D, Tree Disease Concepts. 
399 pp. Prentice-Hall. $22.95. 


Gorilla. 202 pp, Columbia University Manitto, Paolo. Biosynthesis of Natural 


Press. $19.95. 

Dodson, Guy, Jenny P, Glusker, David 


Products. Trans. P. G, Sammes. 548 pp. 
Halsted Press, $114,95. 


Sayre, eds. Structural Studies on Maramorosch, Karl, ed, Advances in Cell 
Molecules of Biological Interest: A Culture, Vol. 1. 340 pp. Academic 

Volume in Honour of Professor Dora- Press. $36, n _ TT . 

thy Hodgkin. 610 pp, Oxford Univer- Maramorosch, Karl, & Kerry F, Harris, 
sity Press. $98. eds. Plant Diseases and Vectors: 

Emerson, V. J., et al, The Measurement Ecology and Epidemiology. 368 pp. 
of Breath Alcohol. 70 pp. Columbia Academic Press. $38. 

University Press, 1980. $30, Marcus, Abraham, ed. The Biochemistry 

Endrenyi, Laszlo, ed. Kinetic Data of Plants: A Comprehensive Treatise, 

Analysis: Design and Analysis of En- Vol. 6 :1 rotemsand Nucleic Acids. 658 

zyme. and Pharmacokinetic Expert- PP* A-cadeimcPress. $67.50. _ ^ 


meats. Proc. Symp., Toronto, 1979.427 Pike, Malcolm C., Pentti K, Siiteri, Clif- 

. Til... (pah rn frwA W WaWti. Gfk. nfiriUQYlGS 


pp. Plenum. $47.50, 

Estahrook, Ronald W„ & Paul Srere, eds. 
Current Topics in Cellular Regulation 
Vol. 18-1981: Biological Cycles. 573 pp. 
Academic Press, $59,50, 

Evans, L T, & W. J. Peacock, eds, Wheal 
Science—Today and Tomorrow. 290 
pp. Cambridge University Press, 
$39,95. 

Gerhardt, Philipp, et al., eds, Manual of 
Methods for General Bacteriology. 524 
pp. American Society for Microbiology. 
$25 cloth, $21 paper, 

Gibbons, Norman E„ Kathleen B, Puttee, 
John G. Holt, eds, Supplement to 
Index Bergeyana, 442 pp. Williams & 
Wilkins. $38.95, 

Gilmore, G. P, Exercising [or Fitness. 


ford W. Welsch, eds. Hormones and 
Breast Cancer. Banbury Report 8.491 
pp. Cold Spring Harbor Laboratory. No 
price given, .•., . 

Porter, Robert, ed. Neurophysiology 4 
International Review of Physiology, 25 
266 pp, University Park Press 
$34.50, , , ■, 

Prestayko, Archie W., et al,, eds. Nitros 
uarm: Current Status and New De 
uelopmenls. 416 pp. Academic Press 
$30. 

Price,'J, H,, D, E. G. Irvine, W. F, Farn 
ham, eds. The Shore Environment 
Vol. 1: Methods. $57.50. Vol. 2: Ec 
systems. $111. Systematics Associate 
Special Volumes, 17A & B, 945 pp 
ademic Press, 1980. 


library of Health, 176 pp. lime- 


, Books. $11.95. 

Gilmore, Desmond, & Brian Cook, eds. 
Environmental Factors in Mammal 


,ife Prokop, Charles K, & Laurenc 
Bradley, eds. Medical Psychol 
,ds. Contributions to Behavioral'Men 

mil 530 pp. Academic Press. $29.50. 
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Randall, L. L,, & L. Philipson, eds. Virus 
Receptors , Part 1 : Bacterial Viruses. 
Receptors and Recognition, Series B, 
Vol. 7.147 pp. Methuen, 1980. $39.50. 
Rattenbury, J. M., ed. Amino Add 
Analysis. Ellis Horwood Series in 
Medical Science. 380 pp. Halsted Press. 
$89.95. 

Ristic, Miodrag, & Julius P. Kreier, eds. 
Babesiosis. 589 pp. Academic Press. 
$45. 

Rogers, H. J., H. R. Perkins, J. B. Ward. 
Microbial Cell Walls and Membranes. 
564 pp. Methuen, 1980. $ 75 . 

Rosenoer, Victor M, & Marcus Roth¬ 
schild, eds. Controversies in Clinical 
Care. 234 pp. SP Medical & Scientific 
Books. $30, 

Russell, Elizabeth, S., ed. Mammalian 
Genetics and Cancer; The Jackson 
Laboratory Fiftieth Anniversary 
Symposium. Progress in Clinical and 
Biological Research, 45.327 pp. Alan R. 
Liss. $42. 

Sartorelli, Alan C,, John S. Lazo, Joseph 
R. Bertino, eds. Molecular Actions and 
Targets for Cancer Chemotherapeutic 
Agents. Bristol-Myers Cancer Sym¬ 
posia, 2.598 pp, Academic Press. $ 45 . 
Schaffer, S. W., Steven I. Baskin, James 
J. Kocsis, eds. The Effects of Taurine 
on Excitable Tissues. Monographs of 
the Physiological Society of Philadel¬ 
phia, 7.446 pp. SP Medical & Scientific 
Books. $60. 

Scheuer, Paul J., ed. Marine Natural 
Products, Vol. 4: Chemical and Bio¬ 
logical Perspectives. 199 pp. Academic 
Press. $32. 

Stich, H. F., & R. H. C. San, eds. Short- 
Term Tests for Chemical Carcinogens. 
Topics in Environmental Physiology 
and Medicine. 518 pp. Springer-Verlag. 
$68.50. 

Stipes, R. Jay, & Richard J, Campana, 
eds. Compendium of Elm Diseases. 
Disease Compendia Series. 96 pp. St. 
Paul, MN: The American Phyto¬ 
pathologies! Society. $11 paper, 

Taylor, Michael Alan. The Neuropsy¬ 
chiatric Mental Status Examination. 
o08 pp, SP Medical & Scientific Books. 
$14.95 paper. 

Thatcher, Robert C., et al, eds. The 
Southern Pine Beetle. Forest Service 
Science and Education Administration 
Technical Bulletin 1631.267 pp. US 
Department of Agriculture. Paper, no 
price given. 

Thorpe, Trevor A., ed. Plant Tissue 
Culture: Methods and Applications in 
Agnculture. Proc. Syrnp,, Campinas, 
Brazil, 1978 .379 pp . Academic Press. 
$ 40 ,oU. 

Vernberg, F. John, et al., eds. Biological 
Monitoring of Marine Pollutants 
Proc. Syrnp, Pollution and Physiology 
of. Marine Organisms, Milford, CT 

1980,559 pp. Academic Press. $34. ’ 

Vernberg, F. John, & Winona B. 
Vernberg, fi ds. Functional Adaptations 
of Marne Organisms. Physiological 
^ PP' Academic Press. 
W9,50, j 

Vidrio, Enrique Acosta, et al., eds. Elev¬ 
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Fisher, Seymour, & Rhoda L. Fisher. 
Pretend the World Is Funny and For¬ 
ever: A Psychological Analysis of Co¬ 
medians, Clowns, and Actors. 252 pp. 
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W. Norton. $18.95. 
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865 pp. Van Nostrand Reinhold. 
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Valle .Ronald &, & Rolf von Eckartsberg, 
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P, C. Sinha. 560 pp. Chicago: Imported 
Publications, 1980. $ 11 . 

Greenspan, Donald. Computer-Oriented 
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bility. 6l4 pp. Plenum. $69.50. 

John J., Robert Mehrabian, 
Volker Weiss, eds. Advances in Metal 
Processing. Sagamore Army Materials. 
Research Conference Proceedings 25 
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Lekhnitskii, S. G. Theory of Elasticity of 
an Anisotropic Body. 430 pp. Chicago: 
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Thermodynamics: An Intermediate 
Textbook, 6th ed,, Sep, 572. 

Ziegler, J. F . Handbook of Stopping 
Cross-Sections for Energetic Ions in All 
Elements, Jan, 88. 


DON’T JUST 
SIT THERE 
WORRYING... 


PHONE TIAA (TOLL FREE) §d 
FOR HELP, RIGHT AWAY! JMJi 





~l/OLbo 


Perhaps a new baby, or a big mortgage debt, or a 
recent salary Increase, or just plain double-digit inflation has 
you worried that the life Insurance coverage you presently 
maintain for your family isn't enough to take care of them 
the way you do. Whatever your concern, you can get help 
by phoning the TIAA Life Insurance Advisory Center and 
talking with an Insurance Counselor, 

Every week hundreds of your colleagues in educa¬ 
tion call these trained TIAA professionals to discuss such 

questions^ ^ q{ )|fe | nsurance | S best for me? 
How much should I have besides group 
coverage? 

What would It cost? 

There's no obligation of course; It's part of the service TIAA 


provides to the education and research communities, 

It's a fact that most educators with a family to raise 
and educate are seriously underinsuwcl and inflation isn t 
helping They need as much Immectot® family protect on 
as they can get for their money That s why our counselors 
freauently suggest low-cost TIAA Decwsmg Term policies 
when it's clear that a sizable chunk cf new coverage Is 

“"it $167 a year buyi o (100,000 20* Year De- 
oreadng Term policy lor a man aped Mora woman 

example is drawn tom *» tonowr^tabie lllus- 
trallng yearly costs for drffenent mitral amot/ds cf protection 
on this plan; 


HAA 20-YEAR DECREASING TERM INSURANCE COST EXAMFIESFORSEUCTEDAQE^ 



$50,0 00 Polic y I M 0 °, 000 Pollcy 


Issued to a man aged 
Issued to a woman aged_ 


Annual Premium 
yearly Cash Dividend 
Yearly Net Cost* 


25 35 45 

30 40 5Q 


$93,50 $464.00 5373,50 
42.00 70,50 148.00 

$51.50 $ 93.50 $225.50 


25 35 45 
30 40__ 50_ 


$187 $328 $747 
J04 JM ,.319 
$ 83 $167 $431 


$ 280,50 $49200 $112050 

m w» 

$114,50 $24050! 636*50 


•Annual P re !^^J®“, 72 f,lMhft 1 hlr^e!butTl'AAlK^|Mld 


So you see, there's no reason to worry. At costs like 
these you can comfortably afford to give you 

protection they need. | 

1 

23 Ste 33 S 

nonprofit educationaJ c> when more than half of the 

SnT^SJofWandandwBeWa 

qualifying Institution, 
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_ _ AS 11 B 1 L 

Lifeimufonce 

Teachers kwcmce 

73Q Third Avenue. N@wtork,N lOOh 

age as indicated betow T*** 

Q Decreasing Terrrt i.VW 

□ Whole Life 


UIY . — _ —— un '' 

versrty, private schod.^ci 

u accam to at lett ' 
tf you 1 spouse is cAso 

--—-W 53553 aS 

spouse's none - —■ *■“ 






